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Policy Framework for GEOGLAM: 2011 & 2016



GEOGLAM is a coordination programme aiming to:
- support, strengthen, and articulate existing efforts
- develop capacity and awareness at national & global level
- enhance access to appropriate EO data (satellite and in situ) 
- disseminating information

GEOGLAM Objectives
To strengthen the international community’s capacity to produce & disseminate 

relevant, timely, accurate and actionable
information & forecasts on agricultural production at national, regional & global scales, 

through reinforced use of Earth Observations



Coordination of Earth Observations for GEOGLAM
Acquisition, Continuity, and Access

• Cropping systems are inherently diverse and dynamic
– No single mission can meet the variety of EO requirements (spatial, 

temporal, and spectral diversity)
– But coordinated acquisition by missions (e.g. from multiple agencies) 

can greatly enhance agricultural monitoring
• Timely, relevant, actionable information 

• In this context, GEOGLAM developed Earth Observation 
Requirements for agricultural monitoring, in consultation with 
…and conducted an analysis of present/future missions’ capacity 
to meet these requirements 
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EO Requirements Development

“Defourny Diagram” 

circa 2010

Effort by GEO AgCoP to 
conceptualize EO type, 
resolutions and scales, 
and information use 



GEOGLAM CEOS Workshop on OBSERVATION REQUIREMENTS 
CSA, Montreal July 10-11, 2012 

Tabulating the satellite observation requirements (spatial resolution, frequency, 
and period of coverage)  for GEOGLAM



Observation 
Requirements 
Table (2012)

Note:
Optical = 
Reflective & 
Emissive 
(Thermal)
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Key Components of Spatially Explicit EO Requirements

Where to image?

When to image? 

How frequently to image?

At what spatial & spectral resolution 
[instrument type] to image?

‘best-available’ cropland mask + field 
size distribution (e.g. Fritz et al., 2015) 

Agricultural growing season calendars 
(e.g. Whitcraft et al., 2014)

Cloud cover info (e.g. Whitcraft et al., 
2015a)  

+
GEOGLAM Requirements Table Req# Crop 

Mask

Crop Type 
Area and 
Growing 
Calendar

Crop 
Condition 
Indicators

Crop 
Yield

Crop 
Biophysical 

Variables

Environ. 
Variables

Ag 
Practices / 
Cropping 
Systems

1 500 - 2000 m
thermal IR + 

optical
Daily Wall-to-Wall All X L

2 100-500 m
VISNIR + 

SWIR
2 to 5 per week Cropland Extent All X X X L L L

3 5-50 km microwave Daily Cropland Extent All X

4 10-70m
VISNIR + 

SWIR + TIR

Monthly (min 2 out 
of season + 3 in 

season). Required 
every 1-3 years.

Cropland Extent All X L/M X

5 10-70m
VISNIR + 

SWIR + TIR
Weekly (min. 1 per 

16 days) Sample All X X X X X X X

6 10-100m SAR
Weekly (min. 1 per 2 

weeks)

Cropland Extent of 
persistant cloudy 

areas/Rice
All X X X X X X X

7 5-10 m
VISNIR + 

SWIR
Monthly (min. 3 in 

season) Cropland Extent M/S M/S M/S

8 5-10 m
VISNIR + 

SWIR
Weekly (min. 5 per 

season) Sample All M/S X X X X

9 5-10 m SAR Monthly
Cropland Extent of 
persistant cloudy 

areas/Rice
M/S M/S M/S M/S

10 < 5  m
VISNIR + 

SWIR

Mosaic 3 per year (2 
in season 1 out of 
season). Required 

every 3 years. 

Cropland extent 
of small fields

S S S

11 < 5  m VISNIR 1 to 2 per month Refined Sample All 
(Demo)

X X X

Target Products

 Coarse Resolution Sampling (>100m)

 Moderate Resolution Sampling (10 to 100m)

 Fine Resolution Sampling (5 to 10m)

 Very Fine Resolution Sampling (<5m)

Spatial 
Resolution

Spectral 
Range

Effective observ. 
frequency 

(cloud free)*
Sample Type Field 

Size

(How) can we meet these requirements?
(Whitcraft et al., 2015c)


Missions BDK

				GEOGLAM Missions and Instruments



				Category		Mission		Instrument		Agency		Policy		Launch		Repeat or Revisit *		Swath		Resolution				Details

				Optical - Coarse Resolution (>100m)

				Primary		Terra		MODIS		NASA		Open		Dec 1999		1 day		2330 km		250, 500, 1000m

				Primary		Aqua		MODIS		NASA		Open		May 2002		1 day		2330 km		250, 500, 1000m

				Secondary		SPOT-5		VGT-2		CNES		Fee		May 2002		1 day		2276 km		1150 m				10-day synthesis products free after 3 months

				Primary		NPP		VIIRS		NASA		Open		Oct 2011		1 day		3000 km		375, 750m

				Secondary		Proba-V		VGT-P		ESA/CNES		Fee		May 2013		1 day		2285 km		350, 1000m

				Primary		Sentinel-3A		SLSTR		ESA		Open		Nov 2014		4 days		1675 km		500, 1000m				500m (VNIR/SWIR), 1000m (TIR)

				Optical - Moderate Resolution (10 to 100m)

				Primary		Landsat-7		ETM+		NASA/USGS		Open		Apr 1999		16 days		183 km		15, 30, 60m				15m (PAN), 30m (VIS/SWIR), 60m (TIR)

				Potential		UK-DMC2		SLIM-6-22		UKSA		Fee		Jul 2009		7 days		640 km		22 m

				Potential		Meteor-M N1		KMSS		ROSKOSMOS		Open		Sep 2009		~ 4 days *		900 km		60 m, 120 m				VIS, NIR (data not available until early 2014)

				Secondary		ResourceSat-2		AWiFS		ISRO		Fee		Apr 2011		5 days		740 km		56 m

				Potential		ResourceSat-2		LISS-3		ISRO		Fee		Apr 2011		24 days		141 km		23.5 m

				Primary		Landsat-8		OLI + TIRS		NASA/USGS		Open		Feb 2013		16 days		183 km		15, 30, 100m				15m (PAN), 30m (VIS/SWIR), 100m (TIR)

				Potential		CBERS-3		WFI-2		INPE/CAST		TBD		Dec 2013		5 days		866 km		73 m				Data availability outside Brazil or China is uncertain

				Potential		CBERS-3		MUXCam		INPE/CAST		TBD		Dec 2013		26 days		120 km		20 m				Data availability outside Brazil or China is uncertain

				Potential		CBERS-3		IRMSS		INPE/CAST		TBD		Dec 2013		26 days		120 km		40, 80m				40m (PAN/SWIR), 80m (TIR)

				Primary		Sentinel-2A		MSI		ESA		Open		Sep 2014		10 days		290 km		10, 20m				10m (VNIR), 20m (SWIR)

				Primary		Sentinel-2B		MSI		ESA		Open		2015		10 days		290 km		10, 20m				10m (VNIR), 20m (SWIR)

				Optical - Fine Resolution (5 to 10m)

				Secondary		SPOT-5		HRG		CNES		Fee		May 2002		26 days		120 km		5, 10m				5m (PAN), 10m (MS)

				Primary		RapidEye		REIS		DLR		Fee		Aug 2008		1 day *		78 km		6.5 m

				Potential		ResourceSat-2		LISS-4 (SMX)		ISRO		Fee		Apr 2011		24 days		23 km		5.8 m

				Potential		CBERS-3		PanMUX		INPE/CAST		TBD		Dec 2013		26 days		60 km		5, 10m				5m (PAN), 10m (MS)

				Potential		SPOT-6		HRG		Commercial		Fee		2013		~1 day *		60 km		2, 8m				2m (PAN), 8m (MS, 4 band)

				Potential		SPOT-7		HRG		Commercial		Fee		2014		~1 day *		60 km		2, 8m				2m (PAN), 8m (MS, 4 band)

				Optical - Very Fine Resolution (<5m)

				Potential		IKONOS-2		OSA		Commercial		Fee		Sep 1999		3-5 days *		11.3 km		0.8, 3.2m				0.8m (PAN), 3.2m(MS)

				Potential		GeoEye-1		GIS		Commercial		Fee		Sep 2008		~3 days *		15.2 km		0.5, 1.7m				0.5m (PAN), 1.7m (MS)

				Potential		WorldView-2		WV110		Commercial		Fee		Oct 2009		~1 day *		16.4 km		0.5, 1.9m				0.5m (PAN), 1.9m (MS)

				Secondary		Pleiades-1A		HiRI		CNES		Fee		Dec 2011		1-2 days *		20 km		0.7 m				Combined 2-satellite Constellation revisit rate

				Secondary		Pleiades-1B		HiRI		CNES		Fee		Dec 2012		1-2 days *		20 km		0.7 m				Combined 2-satellite Constellation revisit rate

				Potential		SPOT-6		HRG		Commercial		Fee		2013		~1 day *		60 km		2m				2m (PAN), 8m (MS, 4 band)

				Potential		SPOT-7		HRG		Commercial		Fee		2014		~1 day *		60 km		2m				2m (PAN), 8m (MS, 4 band)

				C-Band SAR

				Secondary		Radarsat-2		SAR-C		CSA		Fee		Dec 2007		1-6 days *		8 to 500 km		0.8 to 100 m				Wide Fine (FOW2, 30.6-39.5deg, 150km) - Dual Polarization

				Secondary		RISAT-1		SAR		ISRO		Fee		Jul 2011		12 days		30 to 240 km		3 to 50 m				Ascending for StripMap, Descending for ScanSAR

				Primary		Sentinel-1A		SAR		ESA		Open		Mar 2014		12 days		80, 250, 400 km		9, 20, 50 m

				Primary		Sentinel-1B		SAR		ESA		Open		Sep 2015		12 days		80, 250, 400 km		9, 20, 50 m

				Secondary		RISAT-1A		SAR		ISRO		Fee		2015		12 days		30 to 240 km		3 to 50 m				Ascending for StripMap, Descending for ScanSAR

				Secondary		RCM		SAR-C		CSA		Fee		July 2018		4 days *		5 to 500 km		1 to 100 m

				L-Band SAR

				Primary		ALOS-2		PALSAR-2		JAXA		TBD		Dec 2013		14 days		25 to 490 km		10 to 100 m				Ascending for StripMap, Descending for ScanSAR

				Potential		SAOCOM-1A		SAR		CONAE/ASI		TBD		2015		16 days		20 to 350 km		10 to 100 m

				Potential		SAOCOM-1B		SAR		CONAE/ASI		TBD		2016		16 days		20 to 350 km		10 to 100 m

				Secondary		RISAT-3		SAR		ISRO		Fee		2016		12 days		10 to 120 km		1.5 to 35 m

				X-Band SAR

				Secondary		TerraSAR-X		SAR		DLR		Fee		Jun 2007		11 days		5 to 100 km		1, 3, 16 m				StripMap (15km swath, Dual Pole, 1.7-3.5 m res)

				Secondary		COSMO SkyMed		SAR-2000		ASI		Fee		Jun 2007		5 days *		10 to 200 km		1 to 100 m

				Secondary		TanDEM-X		SAR		DLR		Fee		Jun 2007		11 days		5 to 100 km		1, 3, 16 m

				Soil Moisture and Precipitation

				Primary		TRMM		PR/TMI (Radar/MW)		NASA		Open		Nov 1997		< 2 days *		215 / 790 km		5 / 18 km				1-2 hrs for a given location, <2 days for all locations

				Primary		Aqua		AMSR-E (MW)		NASA		Open		May 2002		1-2 days *		1445 km		5 to 50 km				Precipitation and Soil Moisture

				Primary		SMOS		MIRAS (L-Band MW)		ESA		Open		Nov 2009		1-2 days *		1050 km		15 km				Soil Moisture

				Primary		GCOM-W1		AMSR-2 (MW)		JAXA		Open		May 2012		1-2 days *		1450 km		5 to 50 km				Precipitation and Soil Moisture

				Primary		GPM Primary		DPR/GMI (Radar/MW)		NASA/JAXA		Open		Feb 2014		< 2 days *		125-245 / 885 km		5 / 10 km				1-2 hrs for a given location, <2 days for all locations

				Primary		SMAP		SMAP (L-Band MW)		NASA		Open		Oct 2014		1-2 days *		1000 km		10 to 40 km				Soil Moisture - 10km active, 40 km passive

				Primary		GCOM-W2		AMSR-2 (MW)		JAXA		Open		2016		1-2 days *		1450 km		5 to 50 km				Precipitation and Soil Moisture











Measurements-BDK

				Req#		Proposed Primary Missions		Proposed Secondary Missions		Proposed Potential Missions		Spatial Resolution		Spectral Range		Sample Type		Field Size		Effective observ. frequency 
(cloud free)*

						 Coarse Resolution Sampling (>100m)

				1		Aqua/Terra (1000m)
NPP (750m)
Sentinel-3A (500m)		SPOT-5 (1150m)
Proba-V (1000m)				500 - 2000 m		thermal IR + optical		Wall-to-Wall		All		Daily

				2		Aqua/Terra (250/500m)
NPP (375m)		Proba-V (350m)				100-500 m		VISNIR + SWIR		Cropland Extent		All		2 to 5 per week

				3		GCOM-W1
GCOM-W2
SMOS
SMAP						5-50 km		microwave		Cropland Extent		All		Daily

						 Moderate Resolution Sampling (10 to 100m)

				4		Landsat 7/8 (30m)
Sentinel-2A/2B (10m/20m)		RESOURCESAT-2 (56m)		UK-DMC-2
Meteor-M N1
CBERS-3		10-70m		VISNIR + SWIR + TIR		Cropland Extent		All		Monthly (min 2 out of season + 3 in season). Required every 1-3 years.

				5		Landsat 7/8 (30m)
Sentinel-2A/2B (10m/20m)		RESOURCESAT-2 (56m)		UK-DMC-2
Meteor-M N1
CBERS-3		10-70m		VISNIR + SWIR + TIR		Sample		All		Weekly (min. 1 per 16 days)

				6		Sentinel-1A/1B (C)
ALOS-2 (L)		TerraSAR-X (X)
ALOS-2 (L)		Radarsat-2 (C)
RISAT-1 (C)
TerraSAR-X (X)
COSMO SkyMed (X)
TanDEM-X (X)
RISAT-1A (C)
RCM (C)
RISAT-3 (L)		10-100m		SAR Dual Polarization		Cropland Extent of persistant cloudy areas/Rice		All		Weekly (min. 1 per 2 weeks)

						 Fine Resolution Sampling (5 to 10m)

				7		RapidEye		SPOT-5		Resourcesat-2
CBERS-3
SPOT-6/7		5-10 m		VISNIR + SWIR		Cropland Extent		M/S		Monthly (min. 3 in season)

				8		RapidEye		SPOT-5		Resourcesat-2
CBERS-3
SPOT-6/7		5-10 m		VISNIR + SWIR		Sample		All		Weekly (min. 5 per season)

				9		RapidEye		SPOT-5		Resourcesat-2
CBERS-3
SPOT-6/7		5-10 m		VISNIR + SWIR		Cropland Extent of persistant cloudy areas/Rice		M/S		Monthly

						 Very Fine Resolution Sampling (<5m)

				10				Pleiades		IKONOS-2
GeoEye-1
WorldView-2
SPOT-6/7		< 5  m		VISNIR + SWIR		Cropland extent of small fields		S		Mosaic 3 per year (2 in season 1 out of season). Required every 3 years. 

				11				Pleiades		IKONOS-2
GeoEye-1
WorldView-2
SPOT-6/7		< 5  m		VISNIR		Refined Sample		All (Demo)		1 to 2 per month





Products-BDK

						Spatial Resolution		Spectral Range		Effective observ. frequency 
(cloud free)*		Sample Type		Field Size		Target Products

				Req#												Crop Mask		Crop Type Area and Growing Calendar		Crop Condition Indicators		Crop Yield		Crop Biophysical Variables		Environ. Variables		Ag Practices / Cropping Systems

						 Coarse Resolution Sampling (>100m)

				1		500 - 2000 m		thermal IR + optical		Daily		Wall-to-Wall		All						X				L

				2		100-500 m		VISNIR + SWIR		2 to 5 per week		Cropland Extent		All		X		X		X		L		L				L

				3		5-50 km		microwave		Daily		Cropland Extent		All												X

						 Moderate Resolution Sampling (10 to 100m)

				4		10-70m		VISNIR + SWIR + TIR		Monthly (min 2 out of season + 3 in season). Required every 1-3 years.		Cropland Extent		All		X		L/M										X

				5		10-70m		VISNIR + SWIR + TIR		Weekly (min. 1 per 16 days)		Sample		All		X		X		X		X		X		X		X

				6		10-100m		SAR		Weekly (min. 1 per 2 weeks)		Cropland Extent of persistant cloudy areas/Rice		All		X		X		X		X		X		X		X

						 Fine Resolution Sampling (5 to 10m)

				7		5-10 m		VISNIR + SWIR		Monthly (min. 3 in season)		Cropland Extent		M/S		M/S		M/S

				8		5-10 m		VISNIR + SWIR		Weekly (min. 5 per season)		Sample		All				M/S		X				X		X		X

				9		5-10 m		SAR		Monthly		Cropland Extent of persistant cloudy areas/Rice		M/S		M/S		M/S										M/S

						 Very Fine Resolution Sampling (<5m)

				10		< 5  m		VISNIR + SWIR		Mosaic 3 per year (2 in season 1 out of season). Required every 3 years. 		Cropland extent of small fields		S		S		S

				11		< 5  m		VISNIR		1 to 2 per month		Refined Sample		All (Demo)				X				X						X



						X = for all field sizes

						L = large field (>15 ha)

						M = medium field (1.5 ha-15 ha)

						S = small field (<1.5ha)



						Additional Notes: 

						Data should be made available near-real time, particularly for within season assessments

						Spatial resolution requirements are generated relative to field size; this is preliminary and could be refined/improved with a consideration of landscape heterogeneity and spatial pattern.

						Meteorological parameters (snow cover, temp., rainfall, etc.) are not included in this table and will be addressed in another forum.

						Samples need to be coordinated and nested









Where to Image?
Best Available Cropland Distribution

Source: Fritz et al. (2015), Global Change Biology



Where to Image?
Field Size Layer (beta version)

Based on interpolation of 50,000 GEOWIKI validation points 

Source: Fritz et al., (2015), Global Change Biology



When are Imagery Required?

 Data are required throughout the period during the agricultural growing season (crop type, 
yield, forecasting), and sometimes during the non-AGS (detecting changes in land use, crop 
calendar, cropping pattern)

 Efforts within GEOGLAM Crop Monitor ongoing to update crop specific calendars (9 total 
region/cycle combos) – still not done

• Defining EO requirements necessitates a spatially explicit characterization of when crops 
are actively growing in agricultural areas, globally

14



Median observed 2001-2010

Whitcraft et al. (2014), IJDE15



East HemWest Hem

Average Percentage Clear/100

Early

Mid

Late

16

Whitcraft et al. (2015), 
Remote Sensing of Environment

Early

Mid

Late

What is the impact of cloud cover on our 
ability to view croplands on the Earth’s 
surface using passive optical data throughout 
the agricultural growing season?

- Twice daily average over 2000-2012 
[Terra-AM] & 2002-2012 [Aqua-PM]

- Aggregated over different portions of the 
agricultural growing season
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WHAT? WHERE?
WHEN?

HOW OFTEN? WHY?

What is the revisit frequency 
required to probabilistically return a 

reasonably cloud free view 
after 8 days 

over croplands of all sizes?



What is the revisit frequency required (RFR) to probabilistically return 
a reasonably cloud free clear view within 8 days over croplands of all sizes? (Req #5)

[GSCs] + [crop mask + field size] + [cloud cover impacts + req table]

Two thresholds of acceptable clarity:

≥70%

≥95%   

When? Where? Revisit Frequency Required?



0

10

20

30

40

50

60

0-1 1-2 2-3 3-4 4-5 5-6 6-7 7-8 8

%
 O

F 
C

E
LL

S

0

10

20

30

40

50

60

0-1 1-2 2-3 3-4 4-5 5-6 6-7 7-8 8
REVISIT FREQUENCY REQUIRED (DAYS)

Jan
Feb
Mar
Apr
May
Jun
Jul
Aug
Sep
Oct
Nov
Dec

≥ 70% Clear

≥ 95% Clear

What is the revisit frequency required (RFR) for a view at least 70% or 
95% cloud-free within 8 days over in-season global croplands?Whitcraft et al., (2015a), Rem. Sens.

Requirement #5



Agency, Satellite, Sensor Revisit Spatial Res

L7 NASA/USGS Landsat 7 ETM+ 16 Days 30-60 m

L8 NASA/USGS Landsat 8 OLI, 
TIRS

16 Day 30-100 m

S2A ESA Sentinel-2A MSI 10 Days 10-20 m

S2B ESA Sentinel-2B MSI 10 Days 10-20 m

R2 ISRO Resourcesat-2 AWiFS 5 Days 56 m

Overpass Analysis: 
CEOS SEO 

(How) can we meet these requirements for 
optical, moderate resolution (10-70m)
data within 8 days during the growing

season with current & planned missions?

Revisit Capabilities 
of the 

7 Hypothetical 
Constellations 

Whitcraft et al., (2015b), Rem. Sens.
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Meeting the Requirement for a view ≥ 70% Cloud Free within 8 days
(over global in season croplands) 

# Satellites 
1 L8, S2A, S2B, R2
2 L7, L8, S2A, R2
3 L7, L8, R2
4 L7, L8, S2A, S2B
5 L8, S2A, S2B 
6 L7, L8, S2A
7 L7, L8 
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a) Constellations vs. FPC≥70% within 8 Days: S&SE Asia
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b) Constellations vs. FPC≥95% within 8 Days: S&SE Asia
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Meeting the Requirement for a view ≥ 95% Cloud Free within 8 days
(over global in season croplands) 

Whitcraft et al., (2015b), Rem. Sens.

Requirement #5



SAR Data for Agricultural Monitoring
• Historically, not prioritized for agriculture
• Main usage = “rice + persistently cloudy areas”
• Science and recent operations (JRC-MARS, Canada) have shown that SAR is as 

useful for monitoring as optical – expand coverage beyond “rice + very cloudy”
– Fueled by increase in free, open SAR from Sentinel-1! 

• Concept Note for CEOS from GEOGLAM – open access to SAR is a game changer

(Whitcraft, McNairn, Lemoine, LeToan, and Sobue)



Only way to meet high temporal + moderate/fine spatial at present is 
through coordination between multiple missions & space agencies

We are not meeting all of our moderate resolution requirements

BUT – we can get close with current/near-term, if we can coordinate! 

Still, some areas are just persistently cloudy… diminishing marginal returns on 
optical systems. 

Need to consider alternatives to polar-orbiting optical - SAR  & SAR-optical fusion 



Acquisition Plan for GEOGLAM

• Annually updated plan for satellite data acquisition submitted to 
CEOS Plenary

– When, where, how often… what systems?
– Endorsed in 2013, 2014, and 2015

• At present, most data in the acquisition plan are acquired for 
JECAM, SIGMA, and Asia-RiCE

• Challenges:
– Scaling up to national coverage
– Coordinated imaging & interoperability
– Accessing fee-based or restricted datasets and engaging the commercial sector

• e.g. ResourceSat-2, TerraSAR-X, RadarSat-2… Digital Globe
– Data access – “the last, longest yard” = getting the data to the user in “analysis-

ready format



Summary of Requirements

• Framework developed for characterizing requirements in a volumetric, spatially explicit way
– Potential gaps in coverage analyzed 
– In this presentation, an example for Requirement #5 (8 days, all croplands) demonstrated

• Descriptive characterizations of requirements (spectral & temporal emphasis) come from the 
literature and “best practices” – drawing on a community of practice 
– Several years of thinking (Defourny Diagram) coalesced in focused, 2-day working meeting (CSA, Montreal 

2012)
• End users vs. remote sensing analyst user 

– Radiometric, signal-to-noise, GSD, latency, error, etc. are not (yet) characterized
– But they evolve, and updates are needed

• Spatially explicit datasets are key – when, where, cloud cover (if relevant)
• In terms of meeting requirements… coordination is key! 

– Interoperability between datasets 



Next Steps

• EO data requirements need to be updated
– Any evaluation of capacity should include updated missions, capacities, and could also evaluate a reality 

check (what have we indeed gotten so far?)
• In situ & agrometeorological data needs yet to be similarly organized and addressed
• This is about acquisition… there are crucial other factors to EO method adoption:

– Availability: data policy, latency
– Access & Utilization: methodological improvement, ARD, data dissemination systems, capacity development 

etc.
– Continuity

• The requirements ARE NOT the same as requests
– Remote sensing analysts are not necessarily ready (and willing) to take on large volumes of data 
– We have a Data Request Submission Tool – a mechanism to communicate through GEOGLAM to CEOS 

agencies when users are “ready” for data.



Thank you!
akwhitcraft@geoglam.org

mailto:akwhitcraft@geoglam.org
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