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Monitoring agriculture at the field scale
using satellite data and machine learning

Hannah Kerner (@heyyhannahrae, hannah-rae.github.io)
Assistant Research Professor, University of Maryland and NASA Harvest

Measuring Development 2020: Data Integration and Data Fusion



Why monitor agriculture?

AEstimate crop production
(domestic and intemationaD Highest uncertainty before harvest:

N opportunity window for EO
* Inform and stabilize markets
* Anticipate crises & deliveraid
* Inform insurance programs

* Monitor and meet sustainable
development goals
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WASDE forecast errors over past 20 years
Credit: J. Glauber 2



Why monitor agriculture?

AEstimate crop production
(domestic and international)

Alnform and stabilize markets
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Price fluctuation due to

extreme weather & trade war
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Why monitor agriculture?

AEstimate crop production Ailn the past we al ways
(domestic and international) spending billions of shillings to provide food
aid in the region.
Alnform and stabilize markets
o _ _ _ 2017 was the first time we acted proactively
AAnUClpate crises & deliver aid because we had clear evidence from

satellitedatavery earl y 1in

Martin Owor, Commissioner
Office of the Prime Minister
(OPM) T Uganda

> $2.6 million saved,
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> 150k people helped
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Why monitor ggug;ulture? B o SRy

AEstimate crop production
(domestic and international)

Alnform and stabilize markets
AAnticipate crises & deliver aid
Alnform insurance programs

 Monitor and meet sustainable

develOpment gOals Flooded croplands in lowa, spring 2019
J. Schaaf




Why monitor agriculture?

AEstimate crop production

(domestic and international) o N o
Alnform and stabilize markets Mﬁl'
AAnticipate crises & deliver aid i’ ym—y
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Alnform insurance programs

AMonitor and meet sustainable
development goals




NASAOS commi t ment t o

ASatellite data used for
agricultural monitoring
since 1970s

ANASA AgRISTARS program

ADespite 40+ years, huge
potential of remote sensing
yet to be fully realized

AToday we are enabled by
ML and modern compute
to realize this potential

NASAag rcmauts’?
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Huge data volumes A |
A11 TB/day from Planet Labs alone . 7o

San Francisco, February 11, 2017. Planet, Inc.
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ML: unlocking potential of satellite data

AHuge data volumes
A11 TB/day from Planet Labs alone

AHigh-dimensional data
AMultispectral, hyperspectral

Wavelength




ML: unlocking potential of satellite data
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AHuge data volumes
A11 TB/day from Planet Labs alone

AHigh-dimensional data
AMultispectral, hyperspectral

AFrequent revisit times

A Landsat: 16 days _ _ —_— -
A Sentinel-2: 5 days °.4, gl 3-day timelapse of fires burning in Brazilian

A Planet Labs: daily or sub-daily

" Before and after Sentinel-2 images of Palu
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ML: unlocking potential of satellite data

AHuge data volumes
A11 TB/day from Planet Labs alone

AHigh-dimensional data
AMultispectral, hyperspectral Blank pixels =

AFrequent revisit times no data (satellite
A Landsat: 16 days track) or clouds
A Sentinel-2: 5 days
A Planet Labs: daily or sub-daily

ANon-trivial interaction and pre-processing
ACloud removal
AOrbital track Harmonized Landsat and Sentiner2 (HLS)
A Interpolation/smoothing Credit: USGSINASA
A Co-registration



Monitoring agriculture in satellite data
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In-season crob,,type mapplng\» ¢
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AHighest uncertainty during
growing season, especially
anomalous years

A2019: planting delays due to
flooding in spring

A2020: delayed surveys due to
COVID-19 travel restrictions

AGoal: map crop types and
planting timelines using satellite

Flooded croplands in lowa, spring 2019

data J. Schaaf
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In-season crop. type mapping in US Corn Belt

ASatellite data: Harmonized Landsat
and Sentinel-2 (HLS) dataset
A30m/pixel resolution
A3-5 day revisit time
AMultispectral (visible to shortwave IR)
APublicly available



