Multi -sensor Remote Sensing, bidata analytics, Artificial Intelligence, machine learning, and cloud computing

2015 Irrigated Vs Rainfed
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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

Todayos Lecture: 3 Brief

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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(www.croplands.org)
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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 projects to make
effective use of USGS and NASA multiple satellite sensc

Petabytevolume Planetscale ©
automated machine learning a

ataon the cloudusing
gorithmd4o derive a

series of nominal 36m croplanc

productsto help us

understand, assess, and manage global agriculture,

water, and food security.
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Baseline Cropland Products for Food and Water Security

1. Global Crppland ’Extent I?roduct

;‘:

2. Global Irrigated versus 4. Global Major Crop Types
FO u r Rainfed Croplands
Crop Type Net Crop Area (ha) Proportion (%)

L] ..
B as e I I I l e l| Wheat 396,440,000 22
. ‘ Corn 234,260,000 13

Rice 198,220,000 11
Barley 162,180,000

T T

‘ ro |and = b : Soybeans 90,100,000
R - E Pulses 72,080,000

Cotton 54,060,000
Potatoes 54,060,000

Products

3. Global Cropping Intensities

Irrigated, double crop . .
1 . 0.6
Phenology of single crop, Irrigated, triple crop

08
é{)b double crop, and triple crops
§04

Z02

SMDIS NI,
oG Rk & & &

12 3 4 5 6 7 8 9 10 1112 1 2 3 4 5 6 7 8 9 10 11 12
Month
Month

Jrrigated, continuous crop )
Irrigated, double crop

123 456 7 898 10112
Month 1 2 3 45 6 7 8 9 101112

T R e T . T T Month
"'"/ s ,Rainfed, single crop ' Rainfed, single crop
< Y
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. Species composition (e.g., Oryza sativa, O. glaberrima);

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

. Biophysical properties (e.g., LAl, biomass, yield, density);
. Biochemical properties (e.g, Carotenoids, Chlorophyll);

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

. Nutrients (e.g., Nitrogen),

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

Global Cropland Products from Satellites Allow us to
Model, Map, Monitor Every Farm in the World for Every Parameter

Mean  MWean Wdd

Croplands versus non-croplands NDVI (Mg hai) o _ .
Irrigated versus Rainfed croplands .r 5.33 Within and Across Field Variability
Cropping intensities naod e aesh adin ok s
Crop types

Crop growth stages

Cropland fallows versus croplands
Crop productivity

Crop water use

Crop water productivity

- 0.586 3.69

0,45 2.05
0.42

. Light use efficiency, 0 120 '
. Net primary productivity and so on. | \ '"‘Hm

-
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Reference Data for Global Food Security-Support Analysis Data (GFSAD) Project

Planet 3m Data NICFI Coverage 2021

Nor wayodés I nternational Cli mate and
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Reference Data for Global Food Security-Support Analysis Data (GFSAD) Project

AppDerlved Global Reference Cropland Data

App recording data on :

1. cropland extent,

2. irrigated or rainfed,

3. cropping intensity, Cropland, single crop
4. crop types

Extent determined by Planet Data
Intensity determined by MODIS data

USGS 2 monthly composites of Planet 3 m Data composed from
scenceforachargingword i a5 many images as available over 2 months
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Reference Data for Global Food Security-Support Analysis Data (GFSAD) Project

App Derived Global Reference Cropland Data

g App recording data on :

1 . C rO p I an d ext e nt ] gnﬂuar, 2021 March 202 May 202 uly 2021 September 2021 November 2021
2. irrigated or rainfed,

3. cropping intensity, Cropland, double crop
4. crop types

Extent determined by Planet Data
Intensity determined by MODIS data

science for a changing world as many |mages as ava”able over 2 monthS

U.S. Geological Survey
U.S. Department of Interior



Reference Data for Global Food Security-Support Analysis Data (GFSAD) Project

App Derived Global Reference Cropland Data

oogle oogle

Keyboard shortcuts | Map data ©2024 | Terms.

..............

NNNNNNNN App recording data on :

1. cropland extent,
2. irrigated or rainfed,

3. cropping intensity, Cropland, continuous
4. crop types

January 2021 March 1 Ma; 1 Jul 1 eptember 2021 November 2021

Extent determined by Planet Data
Intensity determined by MODIS data

USGS 2 monthly composites of Planet 3 m Data composed from
scenceloraclangnovod i s many images as available over 2 months
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Landsat-derived Global Cropland Mapping Methods
Sourcmg Reference Data from the Ground: Irrigated Areas

Irrigated, Rice Irrigated, Vegetables

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,
science for a changing world o .
U.S. Geoloai 2. Identifying and labeling classes, and
.S. Geological Survey ' :
U.S. Department of Interior 3. Validation of cropland products.




Reference Data for Global Food Security-Support Analysis Data (GFSAD) Project

Reference Data: Summary
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Landsat-derived Global Cropland Mapping Methods
Reference Data Synthesis: Croplands Vs Non-croplands for the World
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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 5m very high-resolution imagery data (Teluguntla et al., 2023, Thenkabail et al., 202Cpngaltonet al., 2017).
These data are used in :

1. Training machine learning and other algorithms,

U.S. Geological Survey . Identifying and labeling classes, and
U.S. Department of Interior i i




Landsat-derived Global Cropland Mapping Methods

Reference Data Synthesis: Irrigated cropland samples for the World
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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 5m very high-resolution imagery data (Teluguntla et al., 2023, Thenkabail et al., 202Cpngaltonet al., 2017).

These data are used in :
science for a changing worldj 1. Training machine learning and other algorithms,
U.S. Geological Survey 2. Identifying and labeling classes, and
U.S. Department of Interior el Validation of cronland nrodiicts




Landsat-derived Global Cropland Mapping Methods
Reference Data Synthesis: Rainfed cropland samples for the World
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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 5m very high-resolution imagery data (Teluguntla et al., 2023, Thenkabail et al., 202Cpngaltonet al., 2017).
These data are used in :

science for a changing worldj 1. Training machine learning and other algorithms,

U.S. Geological Survey 2. Identifying and labeling classes, and

U.S. Department of Interior el Validation of cronland nrodiicts



from Earth Observing (EO) Satellites

(www.croplands.org)
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Landsat-derived Global Cropland Extent Product at 30m (LGCEP30)
Understanding Cropland Extent

Definitions: Net Cropland Extent Includes

!

\ " !

All croplands cultivated for food, feed, and fibr, includng pI;ntations (e.g., 0
vineyards, coffee, tea, rubber) or croplands that are left fallow

rchards,

science for a changing world

U.S. Geological Survey
U.S. Department of Interior




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

A lIrrigation is defined as artificial application of any amount of water to
overcome crop water stress.

A 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.

A 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.

science for a changing world : i W e
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Landsat-derived Global Rainfed and Irrigated-Cropland Product at 30m (LGRIP30)
Irrigated Areas Sample lllustrations
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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.

A\

U
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Landsat-derived Global Rainfed and Irrigated-Cropland Product at 30m (LGRIP30)
Rainfed Areas Sample lllustrations
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(www.croplands.org)
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Landsat-derived Global Cropland Mapping Methods
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1. Multiple Satellite Image Acquisitions
2. Analysis Ready Data (ARD)

Landsat-7 & Landsat-8, 8 Bands of data
Every 16-days for 2013-2015

Multi year seasonal composites 30-mData cube

Red band (0.63- 0.69pm)
NIR band(0.85- 0.88pum)

SrARCTIONMUO®>

Total: 32 bands, all @ 30-m

Il n how we Produce GI

3. Machine Learning\Deep Learning Algorithms
Pixel-based supervised MLAS) along with

Object-based hierarchical segmentation (HSEG)
Random forest algorithms
Support vector machines
Automated cropland classification algorithms
Spectral matching techniques
Decision Tree algorithms
Linear discriminant analysis
Principal component analysis, change detection analysis
kMeans, Isoclass clustering
Classification and Regression Tree (CART)
Tree-based regression algorithm
Phenology based methods
Fourier harmonic analysis
Hierarchical segmentation

4. Cloud Computing (e.g., &Geogle Earth Engine)

save script
get link to script conso\e output
search for data imports
task manager
API documentation ————— !
$ i

SCript manager ——e CTYe- T T

v-—~— help button

asset manager

inspect locations, pixel
values, and objects
added to the map

I— layer manager

-

geometry tools ——e

zoom ——e

Mega -file Data-cube: Harmonized;Standardized

USGS Landsat Collection 2 release for the World: 49 years of data
A https:/lwww.usgs.gov/news/usgs-releases-most-advanced-landsat-archive-date

5. Automation and Art|f|C|aI Intelligence




Landsat-derived Global Cropland Mapping Methods
Global Mapping Methods: Croplands, Irrigated Vs. Rainfed

1. Object-based hierarchical segmentation (HSEG)
Hierarchical segmentation (HSEG; Tilton et al., 2011, 2015)

2. Machine Learning Algorithms (MLAS)

2.1 Supervised Pixel-based Classifiers
Random forest algorithms (Thenkabail et al., 2021, Teluguntla et al., 2018, Oliphant et al., 2019);
Support vector machines (Thenkabail et al., 2021, Xiong et al., 2017a, 2017b, Zheng et al., 2015);

2.2 Unsupervised Pixel-based Classifiers
ISOCLASS clustering (Teluguntala et al., 2017, Thenkabail et al., 2011, 2009);
2.3 Rule-based Decison Trees (Waldner et al., 2015, Defries et al., 1998);
2.4 Classification and Regression Tree (CART) (Egotov et al., 2015, Deng and Wu, 2013);
2.5 Principal Component Analysis (Jensen, 2000);
2.6 Fourier Harmonic Analysis (Zhang, 2015, Geerken et al., 2005);
2.7 Spectral Matching Techniques (Teluguntla et al., 2017, Thenkabail et al., 2007)
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