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I derive novel datasets on agricultural management and production 
using satellite data at high spatial resolutions and across large spatio-

temporal scales
Yield 
Jain et al. in review (3m2, 2015-17)
Jain et al. 2016 (2 m2; 2015)
Jain et al. 2017a (30 m2; 2000-2015)

Cropped area
Jain et al. 2013 & Jain et al. 2017b
(250 m2; 2000 – 2016)
Smith et al. in prep. (3 m2, 2017)

Sow date
Jain et al. 2017a
(250 m2; 2000-2016)

Crop Type
Rao et al. in prep. (3 m2; 2017)



Outline

• Primer on satellite data products & potential pitfalls
• Work on mapping field-level yields of smallholder 

wheat fields in India



It is a really exciting time for using satellite data!

• There are new sensors, with higher spatial and 
spectral resolution so we can do much more!

• There are computational tools available to process 
data easily and quickly (e.g., Google Earth Engine)



MODIS – 250 m2; daily; 2000-present



Landsat – 30 m2; 16 days; 1970s-present



Sentinel 2 – 10 m2; 5 days; 2015-present



Planet – ~3 m2; up to daily; 2015-present







• Cloud cover & haze

Be careful and mindful of how you are using these 
data! 









• Cloud cover & haze
• Surface reflectance corrections

Be careful and mindful of how you are using these 
data! 



www.un-spider.com



www.harrisgeospatial.com





• Cloud cover & haze
• Surface reflectance corrections – you can get around 

this by using pre-processed data correct to surface 
reflectance:
– MODIS – pretty good
– Landsat – pretty good
– Sentinel 2 – work in progress
– Planet – current corrections are pretty poor!

Be careful and mindful of how you are using these 
data! 



• Cloud cover & haze
• Surface reflectance corrections
• Make sure the sensor is the same through time (e.g., 

Landsat)

Be careful and mindful of how you are using these 
data! 





• Bias in the satellite data?
• Is it really measuring what you think (importance of 

validation data)?

Other important issues to consider



• Talk to and/or collaborate with a remote sensing 
scientist!
– E.g., Lobell, Burke, and Ermon

• Look at the data before you use it!!! Clouds and 
seams will often be visually apparent

• I’m writing a piece for REEP about the benefits and 
potential pitfalls of using satellite data – stay tuned!

What do I suggest?



Outline

• Primer on satellite data products & potential pitfalls
• Work on mapping field-level yields of smallholder 

wheat fields in India



• Identify regions that are low yielding with large yield 
gaps

• Conduct impact evaluation of new interventions, 
policies, or technologies on the ground to identify 
potential solutions

Large scale yield estimation can help 
enhance food production



Crop cut data are the gold standard for yield 
estimation, but are difficult and costly to obtain







Micro-satellite data better match the spatial resolution of 
smallholder farms, but only available for recent years

Landsat (30 m)
1970s - present

Planet & SkySat (2 to 4 m)
2016 - present



Training data vary in their 
ease of collection

• Crop cut data

• Self-report data

• Crop model simulationsEasiest, 
Lowest cost

Hardest,
Most 
expensive

Jain et al. (2016). Remote Sensing



Yield Estimation

Yield ~ β1GCVIt1 + β2GCVIt2 + β3GCVIt3 …

We then apply these β coefficients to GCVI data 
across the landscape to estimate yield in all fields
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Can map field and sub-field yields accurately



Jain et al. (in review)
Nature Sustainability

We ran a split-plot experiment where in half of the field 
farmers used a new fertilizer spreading technology
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The fertilizer spreader increases yields with 
no increase in inputs
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Satellite data are able to detect yield gains, providing a low 
cost way to conduct impact evaluation



Fields that are lower yielding have larger absolute and relative 
yield gains

Jain et al. (in preparation)



What happens to yield gains if I target the lowest yielding 
fields (that get the largest yield benefits)?



Satellite data can be used to target the technology to the 
fields that will benefit most, doubling yield gains



Main Findings

• The fertilizer spreader leads to large yields gains with 
no increases in inputs, and yield gains can be 
detected using satellite yield estimates

• These yield gains can be detected using satellite data
• These yield gains are largest for lower yielding fields
• We can use satellite data to target lower yielding 

fields, doubling yield gains with the same 
intervention effort



Main Findings
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intervention effort



Thanks!
mehajain@umich.edu

• Coauthors: David Lobell (Stanford), Balwinder
Singh, Amit Srivastava, Ram Malik (CIMMYT), 
Andrew McDonald (Cornell)


