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Why Agricultural Monitoring? 
• Climate Change 
• Extreme weather events 
• Growing global population 
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DISCUSSION & FUTURE RESEARCH 
 

 
 
 

IMAGERY FOR AGRICULTURE MONITORING: HOW FREQUENTLY & AT WHAT SPATIAL RESOLUTION? 
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IMAGERY FOR AGRICULTURE MONITORING: WHERE & WHEN? 

Data and Methods:  
• Ten years (2001-2010) of 8-day 250m MODIS Terra Surface 

Reflectance (MOD09Q1) with QA bits applied (Vermote & 
Kotchenova, 2008), converted to NDVI (Tucker, 1979.) 

• Multiple strict cropland masks applied 
• Resampled to 0.5°; processed for phenological transition 

dates (PTDs) using a combination of thresholds and inflection 
points. 

 
Output: Growing Season Calendars 
• Start of Season  green-up of earliest cropping cycle; 

beginning of crucial period for monitoring crop development; 
comes after planting.   

• Peak Period  ≥75% annual NDVI range; can help identify 
period for which more intense imaging is necessary for 
inputs to yield models (Becker-Reshef et al., 2010; Boken & 
Shaykewich, 2002). 

• End of Season  end of senescence of final cropping cycle; 
approximates harvest & marks the end of the agricultural 
growing season. 

• Variability in SOS, peak, and end of season over 10 years 

Assuming a 3 day repeat time – which LDCM & both 
Sentinel-2 instruments together can attain – during 
the agricultural peak, how frequently will we obtain 

a clear view of the Earth’s surface?  
 

In the US?  6-18 days; In SE Asia?   15-30 days 
[generally cloudier in the PM than the AM] 

Discussion: 
• Describes the general cropping landscape, not crop-specific 

phenology – not a “crop calendar.” 
• Unique dataset, limited validation data (crop calendars, general 

vegetation phenology only).  
• Some areas missing due to persistent cloud cover. 
• Peak is less meaningful/robust in areas with multiple cropping 

and/or diverse cropping landscapes. 

Key Contributions: 
• Is the 1st global, spatially explicit agricultural growing season calendar. 
• Incorporates multiple growing seasons.  
• Is sufficiently fine resolution to capture within-region phenological 

variations. 
• Captures interannual variability in start, peak, & end of season  
• Identifies key periods & locations of agricultural activity, providing 

input to the coordination of EO for agriculture monitoring.  
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Cloud cover limits optical acquisitions!  
• Actual Temporal Resolution (ATR): The revisit time of an optical 

EO instrument. 
• Effective Temporal Resolution (ETR): The number of days until a 

cloud-free clear view given a certain ATR. 
 
Data and Methods:  
• Agricultural growing season calendars, resampled to 0.05°  
• 12 years of daily AM (Terra) & 10 years of daily PM (Aqua) cloud 

flags (Vermote)  ≥1 cloudy 1km pixel = cloudy 0.05° cell 
• Calculate probability of cloud-free clear view for portions of the 

agricultural growing season (e.g. start-to-peak, peak period, 
peak-to-end)  cloud cover varies throughout the year. 

 
Outputs: 
1) Days until clear view  what is the ETR for a given ATR? 
2) Repeat time required  what is the required ATR to achieve a 

given ETR?  

The median start, peak (max) NDVI, and end of season date as observed between 2001-2010 (at 0.5ᵒ, 
with “Best Available” Crop Mask at 0.05ᵒ overlaid (Becker-Reshef & Vermote)). 

Field size is a major determinant of necessary spatial resolution:  Smaller fields = finer resolution 
• If you need one 10m cloud-free image per week during the early season (SOS to peak), and 

one 10m cloud-free image per month during the late season (peak to harvest), for small fields 
(~ <5 ha), what repeat time (ATR) would that require?  

• EO are used for crop condition monitoring, yield forecasting, cropland area estimates, and 
crop type mapping, among other applications (Justice & Becker-Reshef, 2007).  

• Remotely sensed data and information available throughout the growing season are 
regionally and temporally inconsistent, leaving knowledge gaps regarding crop distribution 
and condition in many agricultural areas of the world.  

• The Goal of this Research: to articulate fine-to-moderate (FTM; 1-100m) EO requirements 
for global agriculture monitoring as inputs into an operational image acquisition strategy 
(GEO-GLAM Component 4). To do this, the following must be addressed:  

These 4 tasks, taken together with “best-practices” for agriculture 
monitoring applications, yield an acquisition strategy for GEO-GLAM 

Component 4. 
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What is GEO-GLAM? 
• A GEO (Group on Earth Observations) Agriculture Monitoring initiative adopted by the 

G20 in 2011 as part of the action plan on food price volatility and agriculture.  
GEO-GLAM’s Goals:  
• To strengthen the international community’s capacity to produce and disseminate timely 

and accurate forecasts of agricultural production at national, regional, and global scales 
through the use of Earth observations (EO).  

The Components of the GEO-GLAM Initiative – Three 
General  (blue), and Three Cross-Cutting (Yellow).  

This research aims to meet the acquisition strategy portion 
of Component 4: EO Data Coordination.  

• Agricultural GSCs provide important information on key agricultural growing periods, including insight into recent 
interannual variability in growing season timing and duration, thereby facilitating EO coordination for agriculture 
monitoring.  

• A similar method of phenological transition date detection is being used to generate global crop-specific calendars 
for wheat, maize, soy, and rice. 

• Some areas are very cloud limited (e.g. SE Asia) and may be limited to active microwave remote sensing for 
agriculture monitoring applications. 

• Information on landscape heterogeneity & spatial pattern could strengthen spatial resolution requirements. 
• Once EO requirements are fully articulated, it is crucial to investigate whether we presently have the observational 

capabilities to meet our EO-based agricultural monitoring needs at national, regional, and global scales. 

Key Contributions: 
• Establishes a “worst case scenario” baseline for cloud-free imagery expectations for different 

times of day throughout the agricultural growing season.  
• Provides insight into the areas for which optical imagery is poorly suited due to cloud 

limitations, and where methods using active microwave imagery must be considered.  

Days Until Clear View (ETR) – 3 Day Repeat (ATR) 

(ATR) (ATR) (ETR) (ETR) 

Pressure upon 
Earth’s resources 

Increases in:  
• food insecurity 
• agricultural market volatility 

Timely and accurate information about agricultural production can combat food 
price volatility and strengthen food security (Justice and Becker-Reshef 2007).  
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• To build upon existing agricultural 
monitoring initiatives at national, 
regional and global levels, enhancing 
and strengthening them through 
international networking and data 
and methods sharing.  

• To mobilize satellite data, 
meteorological data, and ground-
based agricultural observations, while 
advocating for full and open data 
sharing. 

SOS Peak End 

WHERE: “Best-Available” Cropland 
Masks 
Compilation of existing products (e.g. 
Becker-Reshef & Vermote, UMD; Fritz 
et al., IIASA)   
WHEN: Growing Season Timing  
Green-up of the earliest cropping cycle to 
end of senescence/harvest for the latest 
cropping cycle 
TEMPORAL RESOLUTION:  
Best practices & cloud cover information 
(Whitcraft & Vermote) 
SPATIAL RESOLUTION:  
Relate field size (Fritz et al., IIASA) to 
necessary spatial resolution  
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