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GEO the Group on Earth Observations

an Intergovernmental Organization with 90 Members
and 67 Part|C|pat|ng Organlzatlons
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Led to the Establishment of a

Global Earth Observing System of Systems (GEOSS)
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GEO is focused on societal benefit
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Agriculture is one of the GEO societal benefit areas
GEO provides an international framework for collaboration
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GEOGLAM vision

..the use of coordinated,
comprehensive and sustained
Earth observations to inform
decisions and actions in agriculture

..through a system of agricultural
monitoring systems
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Critical for agricultural policies, stabilizing markets, averting food crises

Need to increase food production by 50%-70% by 2050 to meet demand
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The new world of soaring food prices
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Context For GEOGLAM
Monthly Wheat Prices 1960 -2011($/Metric Ton)

2008 Price hikes
Droughts:
Australia & Ukraine

2010/11 Price hikes
Drought:
Russia USA

1971/2’s price hike

Landsat 1 Launched
(1972)




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

* April 2011, ISRSE, Sydney: Workshop on Rangelands and Pasture Monitoring
* May 2011, Curitiba Brazil (SBSR): JECAM South America Workshop

* June 2011, Vienna Austria: Agricultural Land Cover Mapping Workshop

* September 2011, Nairobi Kenya: Agricultural Capacity Building Workshop

*  October 2012, China: Workshop on Agricultural Water Availability
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Who We Are / Global Agricultural Monitoring

Open Community made up of international and national agencies
concerned with agricultural monitoring including ministries of Ag, space
agencies, universities, and industry

I*I Agriculture and
Agri-Feod Canada

with Kazakhstan

Where are the other countries of
Central Asia ?
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http://www.csiro.au/

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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GOAL AND SCOPE

* To strengthen the international community’s capacity to
produce and disseminate relevant information on agricultural

production at national, regional and global scales, through
reinforced use of Earth Observations.

GEOGLAM is a ‘coordination program’, aiming at:

— supporting, strengthening and articulating existing efforts
through the use of EO

— developing capacities and awareness at national and
global level

— disseminating information
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1. GLOBAL/ REGIONAL
SYSTEM OF SYSTEMS

Main producer countries, main

GEOGLA 1
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2. NATIONAL CAPACITY
DEVELOPMENT

for agricultural monitoring
using Earth Observation

4. EO DATA COORDINATION

3. MONITORING COUNTRIES
AT RISK

Food security assessment
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GEOGLAM Monthly Crop Monitor
for AMIS

* Objective: develop consensus crop condition
and prospects assessment in primary
agricultural production areas highlighting
potential hotspots of stress/bumper crops

— inputs from international and national agencies,
based on evidence from satellite, weather,
agromet, and national expert assessments

(= GEOGLAM




Component 1 Phase 1 (2012-2103) @ GEOGLAM

Crop Condition Global Outlook: Building International Consensus
Assessment of Crop Conditions in Northern Hemisphere- input to AMIS
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Crop NDVI Anomaly

[ | " INon Cropland

T Not shown
-0.4 0 0.4
Worse than normal Better than
L normal normal
Kazakhstan, Kostanai Russia, Orenburg Russia, Chelyabinsk. US, llinios US, Kansas
080  Spring Wheat Spring Wheat Spring Wheat Corn/ Winter Wheat/ Corn
nomaly
0.70 Soy
anomaly
S 0.60 anomaly
0O 0.50 ahomaly 1
> anomaly
0.40
0.30
0.20
5855557355858 58285355858 SPEBEIIISGES 53EEEIIIELEL §BEEFSIISNLE
|
Current season crop development (2012) Crop NDVI Anomaly, August 13th, 2012

I Average season development (2000-2011)
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GEOGLAM Prototype Global
Crop Assessment

August 1, 2013
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‘Wheat Comments and Highlights

Overall whean conditiors have been Taverable. s the United States winter wheat has motly
Been harmesied. By end of July 34% of spring whean win a1 or beyord the beading sape, and
dose 1o MK & reportedly in good 10 excelert conditions acconding 10 USDA in Canada erop
anditiosd we Lvorable across the counilry Tof reproduitive SEFing rans with only misar
s and dewdopmest heoes. Winlir whial harvist b in progress s Onlaris asd early
FEpOI Pdicale estellent yielS. I Ruodls wister wheal has modthy besh haresibed.
Wiispread showers Fairlaired Tessrabk condiions o headieg spring wheal in the Yelga
Drsiricr mhile warm and dey conditioss are affectisg the southers Urals and Southers Disirier.
fainfall in castern Ausiia and Karabhstan is=proved yidd prospects for heading sericg wheat.
n Ulraine whean Bamest was in progres in earky Jdy = China wheat has motly been
Parvisited,, i Eurege thi agriculbural year has so Lir Been marked by an wausaly proloniped
wiiler for westiem and cintral Europ and heane fainlall in Mar and Juss. i

St s Bt e BAARE L Lot Lt . Forelasts e France o e Lggest
preduser shaw himir pieldh comganed 1o sl i, wheneas Nghes vied hvels are foneston in
Spain, komasia, Bulgaria and Husgary. in Souvth Afica winlr wheat is i esergence stage.
Atkough sell early in the seasos, vegetation index asemalies indcane some stress and ene or
s significase rainfall evems are needed in coming months. Growing cosditions Tor A
wieal crepk e peneialy feverabke acncss modt of the covrtry. Ament ralnfall is Wenirn
Avcstralia has revrand the dry conditions of the pial liow witks. Sauthi? producton i
an in paod cendiion. BEILET Bhas seirage Cosilisns i southem of New South Wil offsel
a% ared o CORSENS i NEFLHER Niw SEulh Walis dust 10 eatendied dryses is buly. In Angenting
winlir whieal plantieg & medlly simplete. Cosl wiathir shiwing early whial diselopment. n
Brail wheat s viegetative stages with ool wet 1emperatures affectisg the southers portions of
b cEuRy. |
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No.11 - September 2013

The Market Monitor is o product of the
Agricultural Market Information System (AMIS), @
G20 initiative to provide information, analysis and

short-term supply and demand forecasts. It covers

No. 11 —September 2013 | 2

of 28 August]

This is the first GEOGLAM Crop Monitor developed for AMIS®. It summarizes latest crop conditions for AMYS

www.amis-outiook.org

Contents

World Supply-Demand Outlook ...
Crop Monitor NEW .

Intenation: YT

Mo.11-September 2013 | 3

FRiRes e satellite Based vegetative Growth anomalies
Policy Deve based on the Normafized Difference Vegetation Index (NDVI)

Market Indi NDWI is an indicator of photasynthesis often used for monitoring croplands. These anomaly images compare the
NDWI for August 28™ 2013 to the average NDVI for the same date from 2000-2012, over the main growing regions

and wos conducted i regional For each of the four
crops, a paragraph summarizing current conditions is provided, actompanied by o satellite-based indicator
map. Each map depi getative gr August. i 12 year average),

‘aver the main crop growing regions within AMIS countries.
Wheat: p favourable in the Winter witeat harvest is complete and spring wheat is
in late-maturity to harvest stages. In the US, canada, Russia and Kazakhstan spring wheat conditions are good
though final yields will depend on favaurable weather in the coming month. Crops in the Southern Hemisphere are in
v J h and i mostly favourable. In australia overall conditions are
average to above-average but rainfall in the next month will be critical as there is some concern over dry conditions
in parts of the country. In Argentina conditions are good although addi is needed. in Brazi
caused some significant crop damage and ther cancern over i 1 ica winter
h it ince July, i ipitati

Maize: General conditions are good. In the US appraximately half of the maize is in good to excellent condition and
i spite of dry weather and rising temperatures in August, a bumper production is expected largely due to increased
planted area. In canada, conditions are favourable and yields are expected to be average to above average. In the.
E, i Hungary, Austria, Slovenia and Croatia where there is concer due to
late sowing and dry and hot conditions. In Russia, current yield prospects are favourable despite low soil moisture in
the south. In China, India, Mexico and Ukraing conditions are generally good. In Brazil the second maize crop

i it is expected

Rice: Growing conditions are favourable. seasan in South and Southeast
‘moisture acrass mast of the region. In India, conditions are i
In Thailand, precipitation has been wi though there is localized dryness. Mastly
favourable conditions were maintained in Viemam 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 floading in the northeast and excess moisture in the southwest. Meanwhile, south of the Yangtze River, dry
conditions and above normal temperstures raise concem. In Japan, conditions are mastly favourable in the south for
early developing rice.

Saybeans: Growing conditions are favourable. In the US, about half of the crop is in good to excellent condition
although prolonged dry conditions in the Midwest are raising concern. In China, conditions are favourable in the

ina Plain and i tion regions. In India, conditions are favourable but there is some
concem over excessive moisture.

Eoth GEOGLAM snd AMIS

Soezcnsting, Itis of the
were endiorsed by the G20 Henas of States Deciarstion (Cannes, November 2011] when GEOGLAM was tsken o ~osoroirate satelite
et = AMIS market 5

informetian nitor o

of the four AMIS crops. Orange to red indicates less green vegetation than average, green indicates higher than
average vegetation. Administrative unit outline colours indicate crop growth stage: Blueplanting to early
vegetative, Red-Vegetative to Reproductive [generally the most sensitive crop growth period), Purple-
Reproductive to Maturity, Black-areas out of season. Note: only AMIS countries are highlighted.
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Sources & Disclaimer

LAM with inputs from the following partners (in alphabetical
[China) frica) iia)
(Braci). GISTDA (Thaitand), EC JRC-MARS, FAO), ISR (India), JAXA (Japan), ASIA RSCE, IKI {Russia). INTA (Argentina),
LAPAN/MOA (indonesia). Mexico (SiAP), NASA, UMD, and USDA FAS/ USDA NASS (US). Ukraine Hyromet Center/NASU-
NSAU (Ukraine), VAST/VIMHE (Vietnam).

The find e joi

iple-agency reporting by

[ expert group, of the indhidual Agencie exper

Map ata sources: Main crop type areas based on the IFPRI SPAM 2005 beta release (2013). Crop calendars based an FAQ
and NOVI y data produced by NASA MODIS dats.




Example of cereals state map Kazakhstan

AKMOLA oblast

MAP of crop state
end of July 2006

Terekhov et al



5 Classes of Crop State: Spring Wheat Kazakhstan
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Typical classes of spring wheat state (end of July)
phase: flowering.

Terekhov et al



Changes in key parameters of agriculture in Kazakhstan

Cereals productivity in Kazakhstan

Meiric centner/ ha
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Terekhov et al




Developing the EO Data Requirements for GEOGLAM:
S/GEOGLAM Technical Team
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Recognition that cropping systems are inherently diverse which dictates the
monitoring observations and methods

No one system can meet ag monitoring needs
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Identifying Information and Product Types

Information Products EO Data Products
* Crop outlook / Early * Cropland mask /Pasturelands
warning

* Ag practices

* Areaestimate * Crop condition indicators

* Yield forecast + Crop type

* Production estimate * Biophysical variables

* Food Sec/vulnerability

* Environmental variables (soil
report

moisture)

* Statistics reports e In-situ Weather
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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)

SPATIAL RES.| SPECTRAL RES. | TEMPORAL RES. |WHERE? (+ cropland mask & sampling scheme) WHEN?
Env.
Sample (s), variables Ag.
n - Large, Calendar/ Use Crop 7
. . Effective observ. frequenc Refined (rs| Cro| e 5 Cropland  Cro Crop bioph. (reservoir Practices Cro
Sensor Mission Spatial resolution Spectral range .q Y| swath / Extent (rs) Medium, ‘p h‘p Multiple Cloud coverage |(Primary or Secondary P P cond. ChEzs " / P
(cloud free) or Wall -to- S diversity A smask type area ; var. , water, Cropping yield
Small fields cropping Source) indicators -
wall (w2w) soil systems
moisture)
2000 - 500 m thermal IR + optical few per day global waw NAT products (PS] ; =L
100-300m aptical + SWIR Zto 5 per week global wiw LMfs NAT products (PS] x x x =L =L =L
series?, Praba-V ffuture]
FUTURE 1-15km passive microwave daily lobal wWiw NAT products (FS] x
50-150 m SAR dual pal. [,C.L} ™" 5 per season main crops 5 LMes fice area tire growing high cloud cav. NRT products (55/FS)* x x = =il X x(L)
FUTURE season
FUTURE 5-20m SAR dual pol. (K,C,L) """ 5 per season main erons s Lmfs fie area figh claud cov. NAT praducts [S5/PS)* = B B = =
Faatprint RADAR Altimetry weekly s NAT products (PS] x
andiat-7), ASTER 50-100m thermal daily ? main crops i Limss tire growing NAT products (PS) =
TIRS{LDEM], IRMSS season
3y
20-T0m optical + SWIR 1 per month [if possible same wroplands W al M5 year-reurnd annual prodcts [P3] Mz M
sensor] {min 2 out of seasan + 3 in
seasan) ErOwing seasen
20-Mm opticalsSWIR 1 per week (min. 1 per 2 wesks] main erops ] country specfic [see entire growing NAT products (PS) Limss M/fS = = = =
ohasing} L% SEas0n
-10m aptical (#SWIR)™** 1 per manth [if possible same croplands " LM/ {focus on 5) annual praducts [PS) LS LM/fs
sensor] fmin 2 out of season + 3 in
HGR (SPOT-3), Rapid Eye seasan) RIOWing Se2son
{opticall
A0 m aptical (+SWIRJ*** 1 per week [min. 1 per 2 weeks) main erops 2 antive growing NAT products (PS] e , % %
, Rapid Eye season
<5m optical 1to 2 per month eroplands sl dema. case (2 - 5% annual produwcts [P5] x x x
HIRI (Plaiades], IKONOS, of eroplands
GeaEye, WorldView? (optical) L/M/S])

spatial & spectral

How
often ?

For What?

GEOGLAM data plan to be submitted to the CEOS plenary in 2013




0 1,500 3,000 Kilometers

Fritz et al. IASA
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Agriculture land use in river Il basin

Landsat mapping (2010 year)

Legend:
M Cropland;
B Water;
Y River;
B Urban
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AT WHAT LEVEL OF DETAIL(SPATIAL RESOLUTION)? & sEoskay

Field Size Distribution
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Field Size

Large f ' 0 1,500 3,000 Kilometers

—— Small

Fritz et al. IIASA
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Whitcraft et al. UMD




Example of sowing data map using MODIS data_

of spring crop sowing date

It created on base of MODIS data

1505 2505 0506

AKMOLA oblast
2004

Terekhov et al
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w365 = > 0 1,500 3,000 Kilometers .
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Whitcraft et al. UMD




Example histogram of growing phases of
spring wheat in Northern Kazakhstan
route observation [207 fields], July 22.2009
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Terekhov et al



~ GEOGLAM
HOW OFTEN? @& GEOGAM
July Repeat Time Required

Whitcraft UMD




Component 4 -Defining Observation Requirements

&
o CEOS SEO Support to GEOGLAM
7-8 February 2013 r;r"% =

rg

Data Acquisition Planning and Analysis
» Crop Masks, Crop Calendars

» Cloud Statistics (MODIS and ISCCP)
» Data Volume (# paths, duration, # scenes)

Total Duration of Total
Acguisitions (min) | Scenes
176

MoDIS
’ MODIS 176
901’ -9 Vegetation U 6 295
VIIRS

Landsat C oyéi'ag'e
ot
54 scenes™t

-
-5
3

ETM4

Ll + YIRS
LISS -0l
AWIFS
WFI-2

C q .\I( -k : -l ct "
rop Mask (wheat) Cloud Assessment

B. Killough
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Sampling Strategy for high resolution data
for Phase 1a Countries




NASA Near Real Time EOS Data
for Agricultural Monitoring

AIRS AMSR-E MLS MODIS OMI

Near-real-time data for applications, disaster
response and field campaigns

v" Products within 3 hours of observation
v Highly available processing and distribution systems
v Products based on science algorithms
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lance.nasa.gov

Timely data is critical for
crop monitoring!!

NASA EOS near-real-time daily

observations are processed and
integrated into USDA FAS system
(< 3 hours from observation)

A contribution to GEO-
GLAM

@5} GEOGLAM
L ¢

Global Agricultural Monitoring



Component 4 Phase 1: Pilot Study on Data

Interoperability JPSS VIIRS / MODIS interoperabilty
for agrlcultural momtormg
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Vermote et al.




MODIS NDVI Anomaly July 30th 2012

S223533J235% NB23533J333X 22353333353

Crop Condition . 3 : Kmk!l;ta , Kosta
A Sooui e s 2011) S USA, lllinois Russia, Orenburg n nay
BEO) DNTDaEe Z oe Corn/ pa—— Spring Wheat Spring Wheat
0.4 o 0.4 £ ore soy
Worse than aver. Better than
average e average é 0 e0 ‘mnomaly
Non Cropland § s /
B Not shown g 0.40
g 030 \__
§ o 20
2012 Corn production | 30% mumm‘us mmm‘m
2012 Soy Production 12%
= > GEOGLAM == 2012 crop development Statistics sources: USA- USDA NASS, Russia- Rosstat ,
Gt Agratnrel Mhamtesing = Average season development (2000-2011)  y.. ihstan SSA. 2012 decrease in prodoution is computed

a3 percentage relative 10 average lWl!)

Assessment of the impact of the 2012 Northern Hemisphere Drought from the MODIS Climate Modeling Grid daily NDVI data. The anomaly image shows
the cropland NDVI departure from the average (2000-2011) on July 30t 2012, highlighting hotspots of crops under stress during the 2012 droughts that
affected the United States and the Black Sea region. The time-series curves below compare the daily development of croplands in 2012 (red) to average
(2000-2011) in 3 important crop growing regions: lllinois, USA; Orenburg Oblast, Russia; Kostanay Oblast, Kazakhstan. The crop development through the
season depicted by NDVI shows consistent negative anomalies with regard to a ten year average, with highest discrepancies during the crops peak
development period. In 2012 crops in the US, southern Europe and the Black Sea region suffered from prolonged high temperatures and lack of moisture,
which resulted in significantly reduced production. This information was available one month prior to harvest and several months before the release of
official statistics.



Prototype VIIRS NDVI Anomaly, July 30t 2012

A VIIRS NDVI anomaly (prototype) image computed for the same date (July, 30t 2012) as the
MODIS NDVI anomaly shown in the previous slide, generated from data produced at the GSFC Land
PEATE.

Vermote et al. 2012



GEOGLAM ‘ National Capacity Building’
Generic Enhancement Process

Step 1. Regional Status Assessment, Needs and
Priorities Workshop

Step 2. National Engagement / Commitments
from interested parties

Step 3a. National Implementation

Step 3b. Regional Training / Information Exchange
and continued regional networking

Linkages & feedback between the global/regional
monitoring systems and activities
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Pakistan Agricultural Information System
(Collaboratlon between USDA FAO SUPARCO, CRS, & UMD)

Monrtorlng == 250-meter MODIS/NDVI Time Series

{ ) KBE|o~EHa®oMRTE|i 00!
.09 to Jun-24 rane ! g R ~\sa~}2v\,’£~1vf;~3~;x~@,

Click to Show Detail. Red box indicates bounds of detail image. Each pixel is 2.5km.

Product Type [MOD44/MYD44 (16-day)[v] @
Image Date [2012-Jun-09 to JunfzéElo

Image Type | Current Image =@
Water Mask | Standard (MOD12) = @
Crop Mask  [None = ®
Palette Color (Ramp) [v] @

Click Type | Polygon: Provinces[v] @

Pakistan Polygon Options ?
Draw? Label? Zoom To

Provinces [V [ Punjab [~]

Divisions @ I =

Districts E [~

MODIS NDVI (Terra) (MODO9 8-day) Graph {vie) [vis os Gespn)

[ D Gengt e | Downknt G, Det et ] { Do Ginen Ost (tmrate €)1
MODIS NDVI (Terra) (MODOS 8-day) : Dera Ghazi Khan (Crops Only)

[ g | PAKISTAN AGRICULTURE INFORMATION SYsTEf
8 o P o — ling Provincial Capacity for Crop Estimation, Forecasting, and Reporting using Remote Sensing

apacy DeveLormext

EO Estimated vs. Reported Wheat Production for Punjab

Districts: 2009-2011
1400
HOT TOPICS
1200 1 R? =0.9191
RMSE at district level = 72 (1000 MT) ~ 14% >
= RMSE at Punjab level= 48 (1000 MT) <1% * *
=S 1000
o
<3
2
5 800
3
3
B
£ 600
E DIRECT Links
£
2 ' &
= " s v tromioes | o0 = ““““ Brochures  mrers
200
0 2 T T T v
0 200 400 600 800 1000 1200
Estimated Production (1000 MT)

39/27



National Capacity Building Pakistan (USDA/FAO/UMD)
1038 full-time crop reporters continuously inspect agricultural fields in
1240 villages in Punjab Province.
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* Collect data dig‘i}té_lllykin 1240 iIIges o Punjab.

* Use GPS-enabled cell phones, location-aware software.

e Automatic upload data to central spatial database.



GEO ODK : field data collection tool

Collect Data (@) Send Data

* Environment for geographical B N o
software, tools, blogs, and ODK e )
Collect plugins.

* Primarily used for agriculture
monitoring and remote sensing
validation and field work

* Used in Brazil, Uganda, China,
US and Pakistan

Database

4 Orientation ODK Collect 1.2.1(1015)

Data collection made easier

Direction
Fill Blank Form

Edit Saved Form

Send Finalized Form

Get Blank Form

Point and Click to obtain Delete Saved Form
Orientation

Jon Nordling, Mike Humber UMD Geoodk.com




Examples GEOGLAM Related Research
Initiatives using satellite remote
sensing : Kazakhstan

Cropland Acreage Estimation

Cereals production forecast

Estimation of cropland weed infestation

Estimation of parameters of crop-fallow rotation system
Estimation of spring soil humidity of arable land

Terekhov et al. Moscow Geoglam Meeting 2013



GEOGLAM Research Initiatives

Organizing GEOGLAM Sessions at Scientific Conferences:
focusing on Operational R and D — engaging the broader
research community e.g.

 American Geophysical Union Conference, Dec 11, 2013,
San Francisco, USA (Justice/Doorn)

* Global Vegetation Monitoring and Modeling Meeting,
Feb 3-7th 2014, Avignon, France (Defourny/Justice)

— 27 requests for 8 oral presentation slots !
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Summary for Central Asia

e Central Asian countries are highly agrarian (45% of the
population employed in agriculture - on average for 25% of
GDP) — cotton and wheat primary crops

e Kazakhstan has systems in place for agricultural monitoring
using EO and is participating in GEOGLAM?

* International community can help provide data and tools
for ag. monitoring - US, EU, Russia, China

* New GEOGLAM initiative forming on livestock production
(led by CSIRO Australia) relevant to C. Asia

* |sthere an interest from other CA countries to participate -
opportunities for regional capacity building through CARIN
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Global Agricultural Monitoring



