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Global Croplands for Food and Water Security in the Twenty-first Century

Global Food-and-Water Security-Support Analysis Data (GFSAD) Project

Todayôs Lecture: 3 Brief Lectures Each 20 min

1. Global Food-and-Water Security Support-analysis Data (GFSAD)  by Dr. 

Prasad Thenkabail

2. Landsat-derived rainfed and irrigated area product @ 30 m for USA (LGRIP30-

USA) by Dr. Pardha Teluguntla

3. Crop type mapping using Hyperspectral Data, machine learning and Artificial 

Intelligence on the cloud by Dr. Itiya Aneece
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Goal and Products
https://www.usgs.gov/apps/croplands/app/map (www.croplands.org)

https://lpdaac.usgs.gov/news/release-of-gfsad-30-meter-cropland-extent-products/ 

https://lpdaac.usgs.gov/news/release-of-lgrip30-data-product/

www.usgs.gov/wgsc/gfsad30
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Global Croplands for Food and Water Security in the Twenty-first Century

Global Food Security Support Analysis Data (GFSAD) Project   

Mapping Global Irrigated and Rainfed Croplands

The overarching goal of GFSAD project is to make 

effective use of USGS and NASA multiple satellite sensor 

Petabyte-volume Planet-scale data on the cloud using 

automated machine learning algorithms to derive a 

series of nominal 30-m cropland products to help us 

understand, assess, and manage global agriculture, 

water, and food security. 
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1. Global Cropland Extent Product

2. Global Irrigated versus 

Rainfed Croplands
4. Global Major Crop Types

3. Global Cropping Intensities

Global Croplands for Food and Water Security in the Twenty-first Century 

Baseline Cropland Products for Food and Water Security

Four 

Baseline 

Cropland 

Products
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Within and Across Field Variability
1. Croplands versus non-croplands

2. Irrigated versus Rainfed croplands

3. Cropping intensities

4. Crop types

5. Crop growth stages

6. Cropland fallows versus croplands

7. Crop productivity

8. Crop water use

9. Crop water productivity

10. Species composition (e.g., Oryza sativa, O. glaberrima); 

11. Vegetation or crop type (e.g., soybeans vs. corn);

12. Biophysical properties (e.g., LAI, biomass, yield, density);

13. Biochemical properties (e.g, Carotenoids, Chlorophyll); 

14. Disease and stress (e.g., insect infestation, drought), 

15. Nutrients (e.g., Nitrogen), 

16. Moisture (e.g., leaf moisture), 

17. Light use efficiency,

18. Net primary productivity and so on.

Global Croplands for Food and Water Security in the Twenty-first Century 

Global Cropland Products from Satellites Allow us to                                                                         

Model, Map, Monitor Every Farm in the World for Every Parameter
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Reference Data
Training, Testing, Validation
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Reference Data for Global Food Security-Support Analysis Data (GFSAD) Project

Planet 3m Data NICFI Coverage 2021

Source: https://www.planet.com/nicfi/

Norwayôs International Climate and Forest Initiative (NICFI)
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Reference Data for Global Food Security-Support Analysis Data (GFSAD) Project

App Derived Global Reference Cropland Data

2 monthly composites of Planet 3 m Data composed from 

as many images as available over 2 months

App recording data on :

1. cropland extent, 

2. irrigated or rainfed, 

3. cropping intensity, 

4. crop types
Cropland, single crop

Extent determined by Planet Data

Intensity determined by MODIS data
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Reference Data for Global Food Security-Support Analysis Data (GFSAD) Project

App Derived Global Reference Cropland Data

2 monthly composites of Planet 3 m Data composed from 

as many images as available over 2 months

Cropland, double crop

Extent determined by Planet Data

Intensity determined by MODIS data

App recording data on :

1. cropland extent, 

2. irrigated or rainfed, 

3. cropping intensity, 

4. crop types
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Reference Data for Global Food Security-Support Analysis Data (GFSAD) Project

App Derived Global Reference Cropland Data

2 monthly composites of Planet 3 m Data composed from 

as many images as available over 2 months

App recording data on :

1. cropland extent, 

2. irrigated or rainfed, 

3. cropping intensity, 

4. crop types
Cropland, continuous

Extent determined by Planet Data

Intensity determined by MODIS data
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Ground data samples of irrigated areas. These data were gathered from various sources and compiled into 

database. These data are used in : 

1. Training machine learning and other algorithms, 

2. Identifying and labeling classes, and 

3. Validation of cropland products.

Landsat-derived Global Cropland Mapping Methods 

Sourcing Reference Data from the Ground: Irrigated Areas
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Reference Data for Global Food Security-Support Analysis Data (GFSAD) Project

Reference Data: Summary
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Distribution of Reference training, testing, and validation data gathered from multiple sources either through ground data or 

through sub-meter to 5-m very high-resolution imagery data (Teluguntla et al., 2023, Thenkabail et al., 2021, Congalton et al., 2017). 

These data are used in : 

1. Training machine learning and other algorithms, 

2. Identifying and labeling classes, and 

3. Validation of cropland products.

Landsat-derived Global Cropland Mapping Methods 

Reference Data Synthesis: Croplands Vs Non-croplands for the World 
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Landsat-derived Global Cropland Mapping Methods 

Reference Data Synthesis: Irrigated cropland samples for the World 

Distribution of Reference training, testing, and validation data gathered from multiple sources either through ground data or 

through sub-meter to 5-m very high-resolution imagery data (Teluguntla et al., 2023, Thenkabail et al., 2021, Congalton et al., 2017). 

These data are used in : 

1. Training machine learning and other algorithms, 

2. Identifying and labeling classes, and 

3. Validation of cropland products.
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Landsat-derived Global Cropland Mapping Methods 

Reference Data Synthesis: Rainfed cropland samples for the World 

Distribution of Reference training, testing, and validation data gathered from multiple sources either through ground data or 

through sub-meter to 5-m very high-resolution imagery data (Teluguntla et al., 2023, Thenkabail et al., 2021, Congalton et al., 2017). 

These data are used in : 

1. Training machine learning and other algorithms, 

2. Identifying and labeling classes, and 

3. Validation of cropland products.
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Mapping the Worldôs Croplands                     

from Earth Observing (EO) Satellites
https://www.usgs.gov/apps/croplands/app/map (www.croplands.org)

https://lpdaac.usgs.gov/news/release-of-gfsad-30-meter-cropland-extent-products/ 

https://lpdaac.usgs.gov/news/release-of-lgrip30-data-product/

www.usgs.gov/wgsc/gfsad30
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Landsat-derived Global Cropland Extent Product at 30m (LGCEP30) 

Understanding Cropland Extent            

Definitions: Net Cropland Extent Includes

Croplands +                           cropland fallows +                              Plantations

All croplands cultivated for food, feed, and fiber, including plantations (e.g., orchards, 

vineyards, coffee, tea, rubber) or croplands that are left fallow
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Landsat-derived Global Rainfed and Irrigated-Cropland Product at 30m (LGRIP30)

Definitions: Irrigated Areas

Å Irrigation is defined as artificial application of any amount of water to 

overcome crop water stress. 

Å Irrigated areas are those areas which are irrigated one or more times 

during crop growing season. This definition is key to mapping. Even if 

croplands get artificial watering one or more times during the growing 

season, it is defined as irrigated areas for purpose of this mapping. 

Å Artificial irrigation can come from various sources such as canals 

delivering water from reservoirs (e.g., from major, medium, or minor 

dams or tanks), and ground water pumping. Water is, typically, 

delivered by gravity (e.g., river diversions or canals delivering water 

directly by flooding) or drip or sprinklers or any other means 

including hand carried and delivered.
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Landsat-derived Global Rainfed and Irrigated-Cropland Product at 30m (LGRIP30)

Irrigated Areas Sample Illustrations

Center Pivots (Texas, USA) Run of the river (Ganges, India) Major Reservoirs (Mysore, India)

River deltas (Tamil Nadu, India)

Canal systems (California, USA) Deltas, Reservoirs Riverine systems (Egypt) Flood plains (Pakistan & India)

Minor reservoirs (Central India) Canal systems (Rajasthan, India)
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Landsat-derived Global Rainfed and Irrigated-Cropland Product at 30m (LGRIP30)

Definitions: Rainfed Areas

Cropland areas that have no irrigation whatsoever and 

are fully dependent on precipitation (rainfall or moisture 

retained from snowfall). 

Thereby, rainfed areas are those croplands that are not 

watered by artificial means but purely dependent on 

nature.
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Mid West, Ohio, USA Winnipeg, Canada Pampas, Argentina

Sahel, Niger

NE Dublin, Ireland

Wales, UK West of Perth, Australia

Sudan Savanna, Nigeria Derzhavinskiy, Kazakhstan

Landsat-derived Global Rainfed and Irrigated-Cropland Product at 30m (LGRIP30)

Rainfed Areas Sample Illustrations
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Methods
Global Food Security-support Analysis Data (GFSAD) Products

https://www.usgs.gov/apps/croplands/app/map (www.croplands.org)

https://lpdaac.usgs.gov/news/release-of-gfsad-30-meter-cropland-extent-products/ 

https://lpdaac.usgs.gov/news/release-of-lgrip30-data-product/

www.usgs.gov/wgsc/gfsad30
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3. Machine Learning\Deep Learning Algorithms                    
Pixel-based supervised MLAs) along with 

Object-based hierarchical segmentation (HSEG)
A. Random forest algorithms

B. Support vector machines

C. Automated cropland classification algorithms

D. Spectral matching techniques 

E. Decision Tree algorithms

F. Linear discriminant analysis

G. Principal component analysis, change detection analysis

H. kMeans, Isoclass clustering

I. Classification and Regression Tree (CART) 

J. Tree-based regression algorithm

K. Phenology based methods

L. Fourier harmonic analysis

M. Hierarchical segmentation

4. Cloud Computing (e.g., Google Earth Engine)

1. Multiple Satellite Image Acquisitions

2. Analysis Ready Data (ARD)

Credit: NASA\Earthdata\CEOS

Mega-file Data-cube: Harmonized;Standardized
USGS Landsat Collection 2 release for the World: 49 years of data
Å https://www.usgs.gov/news/usgs-releases-most-advanced-landsat-archive-date

Landsat-derived Global Cropland Mapping Methods 

A ñparadigm-shiftò in how we Produce Global Cropland Maps

5. Automation and Artificial Intelligence
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Landsat-derived Global Cropland Mapping Methods 

Global Mapping Methods: Croplands, Irrigated Vs. Rainfed

Machine Learning Algorithms (MLAs)


