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Earth Observations

Since the 1970’s





A New Era





Key topics in AI for Remote Sensing & Agriculture 

Artificial Intelligence 
(including ML, CV)

Remote Sensing

Agriculture and 
Food Security

⭐ Harvest AI

Crop mapping

Crop type mapping

Field boundary delineation

Yield estimation

Pest and disease detection

→ Binary classification

→ Multi-class classification

→ Segmentation

→ Regression

→ OOD detection

Domain adaptation, distribution shift, multi-fidelity 
data fusion, learning from limited labeled data, etc.

Credit- @Kerner, ML Lead NASA Harvest



Crop mapping 
binary classification of pixels as crop or non-crop



Crop type mapping 
multi-class classification of pixels into N crop types

USDA Cropland Data Layer

Corn Soybean Sweet corn Alfalfa …



Field boundary delineation
segmentation of individual field/parcel boundaries

Radiant Earth South Africa Field Boundaries



Most studies leveraging modern AI techniques limited to ground-based imaging

Example: Scoring root necrosis in cassava using 
semantic segmentation 

Tusubira et. al, 2020, CVPR AgVision Workshop

● Goal: calculate area of root necrosis 
caused by Cassava Brown Streak 
Disease (CBSD)

● Necrosis score: percentage of area 
predicted as necrotized 

● Labels by specialists at National Crop 
Resources Research Institute (NaCRRI)

Pest, disease, and hotspot detection
detection of in-field anomalies that represent unfavorable 

growing conditions



Pest, disease, and hotspot detection
detection of in-field anomalies that represent unfavorable 

growing conditions

Downy mildew disease anomaly score

low high



Yield estimation
estimation of crop harvested per unit area, e.g., kg/ha

Maize yields in US 2018 (Deines et al., 2020)

4 tonnes/ha 17 tonnes/ha





NASA Harvest Africa Program Priorities

1. Improving monitoring and early warning systems that provide actionable data 
and information on agricultural productivity and food security at multiple scales, 

1. Advancing EO-AI methods that underpin the data and systems, 

1. Developing and transferring capacity to national and local users that influence 

decision making, and

1. Developing strong long-term partnerships.

14



What and where it is growing?

Visualizations by Cindy Starr: https://svs.gsfc.nasa.gov/

https://svs.gsfc.nasa.gov/


● Cropland & crop-type
● Rainfall
● Temperature
● Soil moisture
● Evapotranspiration

How it is growing?

https://glam.nasaharvest.org/

https://earlywarning.usgs.gov/fews/ewx/index.html?region=af

https://glam.nasaharvest.org/
https://earlywarning.usgs.gov/fews/ewx/index.html?region=af


Data Available Globally

https://glam.nasaharvest.org/



Production

Maize  area

Worldwide Corn Production, by AndrewMT

https://earthobservatory.nasa.gov/



Where and when are droughts likely to 
happen?

● Rainfall deficits +
● High temperatures =
● Dry soils =
● No water for vegetation/ crops =
● Poor conditions /drought conditions =
● Failed crops =
● Reduce food availability =
● Food insecurity

Track and Forecast Threats in near-real-time

Drought in East Africa 2019



https://cropmonitor.org/

Impact example; 

The GEOGLAM 
Crop Monitor Systems

https://cropmonitor.org/


The Kenya Crop Monitor was customized for reporting by the State
Department of Agriculture (SDA).

SDA to assess a specific crop type at the county level and make a
report on the crop condition and related drivers such as climatic
conditions, extreme events or pests and diseases, and provide
information on the expected outlook depending

Lead agency: State Department of Agriculture
Product: Kenya Crop Conditions Bulletin
Systems utilized: GLAM, Tanzania Crop 
Monitor, Early Warning Explorer

Impact example; 

The Kenya Crop Monitor



Rapid map creation with machine learning and 
earth observation data- Main applications-
cropland and crop-type mapping

Training + getting started https://nasaharvest.github.io/rcmrd2022
GitHub-nasaharvest/openmapflow https://github.com/nasaharvest/openmapflow

https://nasaharvest.github.io/rcmrd2022
https://github.com/nasaharvest/openmapflow


Uganda 

2019

Rwanda 

2019
Malawi 2021

Results 
Ethiopia 

Bure Jimma 
2020

North 

Mali 
2019

Ethiopia 

Tigray 
2021



Data Collection 

Helmets Labeling Crops + Street2Sat



Yield Estimation-
Global Earth Observations for Crop 
Inventory Forecasting (GEOCIF) system



Capacity Development and Innovation- With National and regional Analysts and Extension Agents



Partnerships
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In the news ● Looking into Africa’s food future, power is in its people – and in its 
past, GLF Africa 2022 looks at the forces transforming Africa's food 
systems, 16 September 2022

● Measuring War’s Effect on a Global Breadbasket, 
earthobservatory.nasa.gov, July 1, 2022

● NASA Harvest IRCAI Top 10 outstanding projects, IRCAI | 
International Research Centre On Artificial Intelligence

● Opinion: How NASA technology helps farmers at home and abroad. 
AgriPulse, July 21, 2021

● Getting a Bird’s-Eye View of Food Insecurity with Catherine 
Nakalembe– Climate Change: Vital Signs of the Planet. Sheaves, J. 
NASA Climate/ July 12, 2021

● The Next Step: Prioritizing Global Food Security, Be the Solution 
Magazine Summer 2021, Published on Jun 11, 2021

● Data Farming TERP Magazine, May 19, 2021
● Nakalembe C., Justice, C.J., Kerner, H., Justice, C.O., & Inbal 

Becker-Reshef. Sowing Seeds Food Security in Africa From Space.
EOS Science News by AGU, 21 February 2021

● NASA Earth Observations Help Kenya Aid Program Reach More 
Farmers, NASA Applied Sciences, 30 January 2021. 

● Our Place in the Food Security Chain, EOS Science News by AGU, 
25 January 2021

● Soil Data Aids Prediction of Locust Swarms, NASA Earth 
Observatory, 15, May 2021

● Meet some of the women who are fighting against climate change, 
ABC News, April 21, 2021

https://news.globallandscapesforum.org/58225/africas-food-future/
https://earthobservatory.nasa.gov/images/150025/measuring-wars-effect-on-a-global-breadbasket
https://ircai.org/globaltop100-outstanding-project-announcement-2-10-nasa-harvest/
https://www.agri-pulse.com/articles/16205-opinion-how-nasa-technology-helps-farmers-at-home-and-abroad
https://climate.nasa.gov/news/3098/getting-a-birds-eye-view-of-food-insecurity-with-catherine-nakalembe/
https://issuu.com/bsosumd/docs/umd_magazine_2021_web
https://terp.umd.edu/data-farming/
https://eos.org/science-updates/sowing-seeds-of-food-security-in-africa
https://earthobservatory.nasa.gov/images/147831/nasa-data-aid-food-security-assessments-in-kenya
https://eos.org/agu-news/our-place-in-the-food-security-chain
https://visibleearth.nasa.gov/images/148314/soil-data-aids-prediction-of-locust-swarms
https://abcnews.go.com/US/meet-women-fighting-climate-change/story?id=77030351

