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About ARSET

• ARSET provides accessible, relevant, and cost-

free training on remote sensing satellites, 

sensors, methods, and tools.

• Trainings include a variety of applications of 

satellite data and are tailored to audiences 

with a variety of experience levels.
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https://appliedsciences.nasa.gov/what-we-do/capacity-building/arset/arset-disasters-training
https://appliedsciences.nasa.gov/what-we-do/capacity-building/arset/arset-agriculture-trainings
https://appliedsciences.nasa.gov/what-we-do/capacity-building/arset/arset-land-trainings
https://appliedsciences.nasa.gov/what-we-do/capacity-building/arset/arset-water-resources-trainings
https://appliedsciences.nasa.gov/what-we-do/capacity-building/arset/arset-climate-trainings
https://appliedsciences.nasa.gov/what-we-do/capacity-building/arset/arset-health-air-quality-trainings
https://appliedsciences.nasa.gov/get-involved/training?search_api_fulltext=fire
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About ARSET Trainings

• Online or in-person

• Live and instructor-led or asynchronous and self-paced

• Cost-free

• Bilingual and multilingual options

• Only use open-source software and data

• Accommodate differing levels of expertise

• Visit the ARSET website to learn more

https://www.earthdata.nasa.gov/data/projects/arset


Classification Methods for Land Cover

Overview
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Training Learning Objectives

By the end of this training, participants will be able to:

• Access NASA Earth Observation Data (e.g. HLS) relevant to Land Cover and Land Use (LCLU) 

Change mapping

• Convert NASA Earth Observation data into distinct LCLU classes using supervised and unsupervised 

machine learning (ML) classification methods in the R programming language

• Recognize the role of classification methods as one part of a change monitoring strategy

• Compute a change matrix representing the change in LCLU between two dates

• Create a map in RStudio visualizing the differences in LCLU between two dates
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Quick Preview

This is where we are headed today, a decent classifier that doesn’t use any training data
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Prerequisites

• Fundamentals of Remote Sensing

• Experience with R and RStudio

https://www.earthdata.nasa.gov/learn/trainings/fundamentals-remote-sensing
https://www.earthdata.nasa.gov/learn/trainings/fundamentals-remote-sensing
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A certificate of completion will be awarded to those who attend all live sessions and 

complete the homework assignment(s) before the given due date. 

Training Outline

Homework

Opens February 26 – Due March 12 – Posted on Training Webpage 

Part 2

Visualizing Land 
Cover Change

February 26, 2026

Time

February 24, 2026

Time

Part 1

Classification 
Methods for Land 

Cover



Visualizing Land Cover and Land Use Change with NASA Satellite Data 

Part 1: Classification Methods for Land Cover
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Part 1 – Trainers

Justin Fain

Research Scientist

NASA Ames / BAERI

Insert

Image
Here
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Part 1 Objectives

By the end of Part 1, participants will be able to:

• Understand the utility of LCLU classification and LCLUC mapping as part of a comprehensive 

change detection strategy

• Use NASA data in unsupervised models for LCLU classification
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How to Ask Questions

• Please put your questions in the Questions box and we will address them at the end of the webinar.

• Feel free to enter your questions as we go. We will try to get to all the questions during the Q&A 

session after the webinar.

• The remainder of the questions will be answered in the Q&A document, which will be posted to the 

training website about a week after the training.



Part 1:

Introduction
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Important Terms and Acronyms: LCLUC

• Land cover is the description of what is on the ground

– Often paired with land use and written as LCLU (or sometimes LULC)

• Land use is how the features of land cover are utilized

• LCLU describes the configuration and uses of features on the ground

• We can measure LCLU changes over time

– That gives us the acronym LCLUC

– Usually pronounced “el-see-luck”

• The factors which influence or drive LCLUC are called the drivers of change
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Important Terms and Acronyms: Classification

• Classification is the process of dividing things into categories or classes

• A classifier is the person, model, or process that assigns classes

– You act as a classifier every day when you do simple tasks:

• Classifying shoes as footwear rather than headwear (category of function)

• Determining what is and is not safe to eat (category of edibility)

• Deciding that this training is worth attending (category of value)
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Plants

TreesDecorativeFood

Important Terms and Acronyms: Classification

• Classification is the process of dividing things into categories or classes

• A classifier is the person, model, or process that assigns classes

– You act as a classifier every day when you do simple tasks:

• Classifying shoes as footwear rather than headwear (category of function)

• Determining what is and is not safe to eat (category of edibility)

• Deciding that this training is worth attending (category of value)
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Important Terms and Acronyms (Simplified)

Glossary Term Question / Statement

Land Cover Land Use

(LCLU)
What is that? (and how is it used?)

Class What kind of thing is that?

Classifier I know what kind of thing that is

LCLU Change

(LCLUC)
I remember what that used to be

Driver(s) I know what caused that to change

This is the way I prefer to think of these concepts: 



Why Land Cover Land Use Change Matters
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Why LCLUC Matters: Drivers

• LCLU describes the configuration of features on the surface of the Earth

• These features and the way that they are arranged:

– are responsive to drivers which influence the rate and likelihood of change

– potentially reveal information about the drivers themselves

– are observable with remote sensing data

• Forest fires, urban growth, erosion, landslides, and cropland expansion are just some examples of 

things which can be observed as LCLUC
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These are all types of trees???

Why LCLUC Matters: Classes

• Classes divide LC based on shared spectral characteristics

• The similarity or dissimilarity of classes represents meaningful differences in the real world

However



Considerations for LCLU Classification
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Limitations of Classification: Knowledge Bias

• Classification can only divide LC classes when their spectral characteristics are sufficiently different 

– Supervised ML models only work within the classes they have been trained to expect

• This can lead to some strange and contradictory outcomes if you aren’t careful with your setup

– It is easy to accidentally make a classifier that is consistent but not correct

Vegetation 

Identification 

Model

Broccoli (99.9%)

Tree (99.9%)

Vegetable 

Identification 

Model



Drivers of LCLU Change
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Drivers of LCLU Change: Considerations

• Considerations when examining LCLUC drivers:

– Come from a variety of sources

– May be indirect

• Change(s) in one place or time drive changes 

in another

– May be related

• There may be multiple effects of a single driver
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Drivers of LCLU Change: Examples

• We usually want to divide drivers into neat categories like human caused (anthropogenic) or natural

• To demonstrate why that’s hard to do, here are some examples of LCLUC and their sources:

Event Human 

caused?

Naturally 

occurring?

Change 

Direction

Example(s)

Mowing the 
lawn

YES NO Grass → Less 
Grass

Golf courses 

Sheep grazing Sometimes Sometimes Grass → Less 
Grass

Managed and unmanaged 
herds

Grassland fire Sometimes Sometimes Grass → Barren Any grassland fires

New parking 
lot

YES NO ? → Built 
Environment

Urban expansion

Landslide Sometimes YES ? → Barren (soil) Tracy Arm, AK (2025 CE)
Zion Canyon, UT (~2800 BCE)

Flood Maybe Sometimes ? → Water Rice agriculture
Seasonal flooding

Erosion events



LCLUC Example



28NASA ARSET – Visualizing Land Cover and Land Use Change with NASA Satellite Imagery

LCLUC Case Study

• Here’s a simplified LCLU map of the Sacramento California Metro area

– 1985 (left) and 2020 (right)

• You can see the expansion of urban areas as well as a few other notable features

1985 2020
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LCLUC Case Study

• Here’s a simplified LCLU map of the Sacramento California Metro area

– 1985 (left) and 2020 (right)

• You can see the expansion of urban areas as well as a few other notable features

1985 2020
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LCLUC Map

• We can highlight the changes over time

• This gives us a lot of information about where and how things have changed

• We might even be able to make some guesses about the drivers of change



Classification Methods
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Classification: Supervised or Unsupervised

Supervised Unsupervised

Training Data Yes No

Number of Classes Fixed Flexible

Classes are… Targets Groupings

Limited by… Training data Spectral difference

Examples

Random Forest (RF)

K-Nearest Neighbor (KNN)

CART

SVM

Hierarchical Clustering

K-Means

DBSCAN

ISODATA

We will cover…
RF

KNN
K-Means
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Classification: Training Data

• Training data for remote sensing imagery 

classification can consist of:

– Points

– Lines

– Polygons

• The extracted pixel value(s) under each 

training data feature give a profile of the 

spectral response

• This response corresponds to how much light is 

being reflected in the wavelengths of each 

band
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Classification: Spectral Differences

• Here are two examples for:

– Barren land (top)

– Forests (bottom)

• We can overlay the two for a better idea of their 

differences
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HLS Band Number
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Classification: Prediction by Similarity

• In a supervised classification, the model builds up 

an average curve for each LC class

• When presented with an unknown curve the 

model can attempt to pair it with the known 

curve it most closely matches
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HLS Band Number



Overview of Selected Classification Methods
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K-Means Clustering (Simplified)

• Start with each pixel projected into feature space

• In feature space each dimension (band) is a measurement 

(reflectance)

– The feature space is usually hyperdimensional, but I’m 

only using 2 here for simplicity

Band A

B
a

n
d
 B
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K-means Clustering (Simplified)

Band A

B
a

n
d
 B

• Start with each pixel projected into feature space

• In feature space each dimension (band) is a measurement 

(reflectance)

– The feature space is usually hyperdimensional, but I’m 

only using 2 here for simplicity

• Select K random points in feature space

– These are the centers for each class

 Technically…

 K-means will find better centers by trying to maximize 

the variance between classes and minimizing the sum of the 

square of the distances between each point in a cluster and 

the cluster center. The first random set of points chosen isn’t 

always the best set of centers
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K-means Clustering (Simplified)

Band A

B
a

n
d
 B

• Start with each pixel projected into feature space

• In feature space each dimension (band) is a measurement 

(reflectance)

– The feature space is usually hyperdimensional, but I’m 

only using 2 here for simplicity

• Select K random points in feature space

– These are the centers for each class

• Group each point by distance to the closest center
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K-means Clustering (Simplified)

Band A

B
a

n
d
 B

• Start with each pixel projected into feature space

• In feature space each dimension (band) is a measurement 

(reflectance)

– The feature space is usually hyperdimensional, but I’m 

only using 2 here for simplicity

• Select K random points in feature space

– These are the centers for each class

• Group each point by distance to the closest center

• Assign a class to each point based on its nearest center
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K-means Clustering: Interpretation

Band A

B
a

n
d
 B

• Which LCLU classes do these clusters correspond to?
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K-means Clustering (Simplified)

This is where we are headed today, a decent classifier that doesn’t use any training data

Clustering is a kind of feature extraction, so it might pick up on relationships we wouldn’t catch

In the K=4 case, for example, we might ask what the model is detecting as a difference between classes B and C.

Are these different types of trees?

Or, perhaps, related to elevation?

Soil drainage?



43NASA ARSET – Visualizing Land Cover and Land Use Change with NASA Satellite Imagery

Accessing HLS Imagery with Earthdata Search

• Let’s take a very quick diversion to look at how I downloaded the data for this training

Here’s a condensed version of the process:

- Define the area of interest

- Search for HLS data

- Select imagery for two dates

- Download the selected imagery
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Building a K-means Classifier in R



Part 1:

Summary



54NASA ARSET – Visualizing Land Cover and Land Use Change with NASA Satellite Imagery

Summary

• How to access HLS data with EarthData Search

• Why LCLU classification and LCLUC analysis is important to our understanding of the Earth

• What training data is and how it relates to supervised classification

• How an unsupervised (K-means) model classifies land cover

• How to apply a K-means classification to remote sensing imagery
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Looking Ahead to Part 2

• In the next session we will cover Part 2 of this training which includes

– A review of models for supervised classification

– An explanation of Random Forest models

– How to implement Random Forest for classification in R

– How to evaluate and interpret model results

– How to create maps to show LCLU change over time
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Homework and Certificates

• Homework:

– One homework assignment

– Opens on 26/02/2026

– Access from the training webpage

– Answers must be submitted via Google Forms

– Due by 12/03/2026

• Certificate of Completion:

– Attend all three live webinars (attendance is recorded automatically)

– Complete the homework assignment by the deadline

– You will receive a certificate via email approximately two months after completion of the 

course.
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Contact Information

Trainers:

• Justin Fain

– justin.j.fain@nasa.gov

• ARSET Website

• ARSET YouTube

For questions, comments, or to share how you 

have applied our trainings to your work or studies, 

email nasa.arset@gmail.com.

Join our quarterly newsletter to stay up-to-date on 

our latest trainings:

1. Send an email with no subject line to arset-

join@lists.nasa.gov.

2. Follow the instructions sent in response.

https://www.earthdata.nasa.gov/data/projects/arset
https://www.earthdata.nasa.gov/data/projects/arset
https://www.youtube.com/user/NASAgovVideo/playlists
https://www.youtube.com/user/NASAgovVideo/playlists
about:blank
about:blank
mailto:arset-join@lists.nasa.gov
mailto:arset-join@lists.nasa.gov
mailto:arset-join@lists.nasa.gov
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Thank You! 
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