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Today’s Agenda

• Introduction

• Section 1. Reviewing NASA’s Optical Earth Observing 

Satellite Constellation and Spectral Bands

• Section 2. Calculating and Analyzing Vegetation Dynamics 

using Vegetation Indices from Optical Satellite Sensors 

• Section 3. Accessing Harmonized Landsat Sentinel-2 (HLS) 

Vegetation Indices with AppEEARS 

• Section 4. Visualizing and Interpreting Vegetation Index 

Raster Images using GIS Software

• Training Conclusion 
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Learning Objectives

• Download NASA data products for a specific region using shapefile uploads 

and drawn polygons

• Calculate and analyze vegetation indices using optical satellite imagery 

• Interpret changes in vegetation indices over time (or across a time interval) to 

determine vegetation health, bare ground, and surface water availability

• Visualize and manipulate NDVI in GIS software 



Reviewing NASA’s 
Optical Earth Observing 
Satellite Constellation 
and Spectral Bands
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Satellite Characteristics Overview

What parts of the Earth can the 
sensor see?

Orbits: Polar/Non-Polar Orbit vs. 
Geostationary

Can the sensor make observations at 
night?  Can it see through clouds?

Energy Source: Passive vs. Active

Can the sensor make observations at 
night?  Can it see through clouds?

Spectral range: Visible, UV, IR, Microwave...

What features will I be able to see?  
How often are observations made 

over my location of interest?  

Resolution Type and Quality: Spatial, 
Temporal, Spectral, Radiometric

Is the data product I want available 
from this sensor?

Application: Weather, Ocean Color, Land 
Mapping, Air Quality, Radiation Budget, etc.
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Satellites and Sensors: Optical Sensors  

Satellites
Orbits

Sensors Spectral Measurements
Temporal Coverage, Observation 

Time, and Resolution
Spatial Coverage 

and Resolution

Landsat 8

Landsat 9
polar

TIRS, OLI

TIRS-2, OLI-2
Visible, Near IR, Middle IR, 

Thermal IR

2/2013 – Present
11/2021– Present

10:30 am/pm local time
16 Day

Global
Swath: 136 km

30 m

Terra 

 Aqua
Polar

MODIS
Visible, Near IR, Middle IR, 

Thermal IR

12/1999 – Present (10:30 am/pm)
4/2002 – Present (13:30 am/pm)

1-2 Days

Global
Swath: 2330 km
250 m to 1 km

SNPP 

 JPSS 
polar

VIIRS
Visible, Near IR, Middle IR, 

Thermal IR

10/28 2011– Present
11/18 2017 – Present
11/10 2022 – Present

1:30 am/pm local time
12 Hours

Global
Swath: 3040 km

375 m, 750 m

Sentinel 2A

Sentinel 2B & 
2C

Polar

MSI Visible, Near IR

6/23/2025 – Present
3/7/2017– Present 

10:30 am/pm
5 Day

Global
Swath: 290 km

10 m, 20 m, 30 m

PACE

Polar
OCI Visible, Near IR, Shortwave 

IR

2/8/2024 –Present
1 AM/PM

1 to 2 Days

Global 
Swath: ~2500 km

1 km
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Landsat and Sentinel-2

• Landsat 8 & 9

• Launched in 2013 and 2021

• Sensor: Operational Land Imager (OLI) 
& Thermal Infrared Sensor (TIRS)

• Multispectral: 30 and 100-meter pixel 
bands, 15-meter panchromatic band, 
8-day revisit

• Sentinel-2 a, b, c

• Launched in 2015, 2017, 2024

• Sensor: Multispectral Instrument (MSI)

• Multispectral: 10, 20, and 60-meter 
pixel bands, 2–5-day revisit

• Vegetation-Based Applications: 

– Vegetation extent and type

– Vegetation stage and health: variety of 

vegetation indices, including NDVI, EVI, SAVI

– Vegetation moisture: NDWI

Image Credits: USGS, ESA

https://www.usgs.gov/core-science-systems/nli/landsat/landsat-8?qt-science_support_page_related_con=0#qt-science_support_page_related_con
https://sentinel.esa.int/web/sentinel/user-guides/sentinel-2-msi/overview
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Atmospheric Windows 
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Spectral Characteristics of Landsat and Sentinel-2

• Landsat instruments measure primarily light that is reflected from Earth’s surface (with one 

exception)

• Landsat instruments are designed to detect visible and infrared (near and mid) wavelengths
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Spectral Resolution: Image Bands

Multispectral 
Imagery

Mid IR

Near IR

Red

Green

Blue

Each image band is a different layer in an image
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Interaction with Earth’s Surface: Vegetation

• Healthy, green vegetation:

• absorbs Blue and Red wavelengths 

(photosynthesis), and 
• reflects Green and Infrared.

• Due to reflection of green wavelength and since we 

cannot see infrared radiation, we see healthy 

vegetation as green.

• The amount of reflected energy is dependent on the 

health of the vegetation, water content, and 

phenological stage.

Image Credits: NASA/Jeff Carns & Ginger Butcher



Calculating and 
Analyzing Vegetation 
Dynamics using 
Vegetation Indices from 
Optical Satellite Sensors 



14NASA ARSET – Earth Observations in Support of Insurance and Finance Sector Decision-Making
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Vegetation Index 

• A mathematical calculation 

performed on each pixel 

using values from multiple 

spectral bands of an image

• Typically normalized between 

-1 and +1

• Transforms complex 

multispectral data into 

meaningful, interpretable 

information about Earth's 

surface conditions and 

processes

Credit: Near Real-Time NDVI

https://svs.gsfc.nasa.gov/31341/
https://svs.gsfc.nasa.gov/31341/
https://svs.gsfc.nasa.gov/5544/
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• NDVI - Normalized Difference 

Vegetation Index 

• EVI - Enhanced Vegetation Index 

• SAVI - Soil Adjusted Vegetation 

Index

• NDMI - Normalized Difference 

Moisture Index 

• NDWI - Normalized Difference 

Water Index

Common Vegetation Indices 
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Normalized Difference Vegetation Index (NDVI)

• NDVI evaluates vegetation condition and chlorophyll content

• Chlorophyll strongly absorbs visible light, and the cellular structure of leaves strongly reflects 

near-infrared light.

NDVI Formula: 𝑁𝐷𝑉𝐼 =
𝑁𝐼𝑅 − 𝑅𝑒𝑑

(𝑁𝐼𝑅 + 𝑅𝑒𝑑)
 

Red

Near-Infrared (NIR)

https://www.earthdata.nasa.gov/topics/land-surface/normalized-difference-vegetation-index-ndvi
https://www.earthdata.nasa.gov/topics/land-surface/normalized-difference-vegetation-index-ndvi
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NDVI Sample Calculation 

.1144 .0344

Near Infrared 

(Landsat 9 Band 5)

Red

(Landsat 9 Band 4)
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.1144 .0344

Near Infrared Red

.1144 .0344

.538
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.0214 .0313

.0031 .1144

.0473 .0444

.0415 .0344

-.377 -.174

-.862 .538

Near Infrared Red

.0214 .0313

.0031 .1144

.0473 .0444

.0415 .0344

NDVI
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NDVI Value Classification

NDVI 
Values 

Classification 

-1.0 to 0.0 Non-vegetated surfaces like water, 

clouds, or snow 

0.0 to 0.1 Bare soil, rock, concrete, or 

completely dead areas

0.1 to 0.3 Sparse vegetation, grasslands, or 

early cultivation stages 

0.4 to 0.6 Moderate vegetation cover (ex. 

Developing crops or shrubs) 

0.7 to 1.0 Dense, healthy vegetation, (ex. 

Forests, mature crops) 

Credit: NASA

https://www.earthdata.nasa.gov/topics/land-surface/normalized-difference-vegetation-index-ndvi
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Calculating Change in NDVI 

• Change between to NDVI dates can be used to detect crop stress, farmland productivity, 

or crop loss 

• NDVI Change Calculation: 𝑁𝐷𝑉𝐼 𝐶ℎ𝑎𝑛𝑔𝑒 = 𝐶𝑢𝑟𝑟𝑒𝑛𝑡 𝑁𝐷𝑉𝐼 − 𝐻𝑖𝑠𝑡𝑜𝑟𝑖𝑐 𝑁𝐷𝑉𝐼

Credit: NASA

https://www.earthdata.nasa.gov/news/harmonized-landsat-sentinel-2-project-releases-vegetation-indices
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Calculating NDVI Anomaly
• Statistical measure comparing present vegetation health to long-term average

• Current measurement (day, month, year, etc.) minus reference period average

• 𝑁𝐷𝑉𝐼 𝐴𝑛𝑜𝑚𝑎𝑙𝑦 = 𝐶𝑢𝑟𝑟𝑒𝑛𝑡 𝑁𝐷𝑉𝐼 − 𝐿𝑜𝑛𝑔𝑡𝑒𝑟𝑚 𝑀𝑒𝑎𝑛

Aug 1999 Aug 2000 Aug 2001 Aug 2002 Aug 2003

NDVI Anomalies in the Southwestern United States

Credit: NASA

https://svs.gsfc.nasa.gov/4072/
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Example NDVI Analysis 

➣
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250 Kilometers1250
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https://appliedsciences.nasa.gov/what-we-
do/projects/crop_monitoring_and_forecasting_for_argentina_using_nas
a_satellite_observations 

https://appliedsciences.nasa.gov/what-we-do/projects/crop_monitoring_and_forecasting_for_argentina_using_nasa_satellite_observations
https://appliedsciences.nasa.gov/what-we-do/projects/crop_monitoring_and_forecasting_for_argentina_using_nasa_satellite_observations
https://appliedsciences.nasa.gov/what-we-do/projects/crop_monitoring_and_forecasting_for_argentina_using_nasa_satellite_observations
https://appliedsciences.nasa.gov/what-we-do/projects/crop_monitoring_and_forecasting_for_argentina_using_nasa_satellite_observations
https://appliedsciences.nasa.gov/what-we-do/projects/crop_monitoring_and_forecasting_for_argentina_using_nasa_satellite_observations
https://appliedsciences.nasa.gov/what-we-do/projects/crop_monitoring_and_forecasting_for_argentina_using_nasa_satellite_observations


25

Additional Vegetation Indices

• Can be used in place of NDVI to 

examine vegetation greenness

• More sensitive in areas with dense 

vegetation, making it better for fuels 

assessment in dense forests.

• Used to correct NDVI for the 

influence of soil brightness in areas 

where vegetative cover is low

• Better index for areas with sparse 

vegetation and high bare soil 

coverage.

• Contains a soil brightness correction 

factor (L)

Enhanced Vegetation Index (EVI) Soil Adjusted Vegetation Index (SAVI)

SAVI =
NIR-R( )
NIR+R+ L( )

æ

è
çç

ö

ø
÷÷´ 1+ L( )

https://www.sciencedirect.com/science/article/pii/S0034425702000962
https://www.sciencedirect.com/science/article/pii/003442578890106X
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Additional Vegetation Indices

Normalized Difference Moisture Index (NDMI) Normalized Difference Water Index (NDWI)

• Measures vegetation water content

• Used to monitor agricultural drought 

and detect early plant water stress

• NDMI Values:

– Below 0.2: Indicates drought 

conditions or stress

– 0.2-0.4: Potentially under low to 

moderate water stress

– Above 0.4: Healthy vegetation, 

no water stress 

𝑁𝐷𝑀𝐼 =
𝑁𝐼𝑅 − 𝑆𝑊𝐼𝑅

(𝑁𝐼𝑅 + 𝑆𝑊𝐼𝑅)
 

𝑁𝐷𝑊𝐼 =
𝐺𝑟𝑒𝑒𝑛 − 𝑁𝐼𝑅

(𝐺𝑟𝑒𝑒𝑛 + 𝑁𝐼𝑅)
 

• Can identify open water features 

• Allows water to stand out against 

vegetation and soil 

• Can track seasonal flooding

https://www.scirp.org/reference/referencespapers?referenceid=1396705
https://www.sciencedirect.com/science/article/abs/pii/S0034425796000673


Accessing Analysis 
Ready Data Through 
AppEEARS 
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Credit: NASA HLS NDVI

HLS Vegetation Indices 

• Harmonized Landsat and Sentinel-2 (HLS) Project

• Combines data from NASA's Landsat 8/9 and ESA's 

Sentinel-2A/B/C satellites to create a unified, 

analysis-ready dataset

• Increased temporal frequency: 2–3-day revisit 

globally

• Analysis-ready data: Pre-processed surface 

reflectance

• Two vegetation index products; 

• Landsat 30-meter Vegetation Index (HLSL30VI) 

• Sentinel-2 30-meter Vegetation Index 

(HLSSS30VI)

• Each product contains a suite of nine vegetation 

indices including greenness, vegetative moisture 

content, burned area, and vegetation change

https://science.nasa.gov/mission/landsat/hls-vegetation-indices/
https://www.earthdata.nasa.gov/news/harmonized-landsat-sentinel-2-project-releases-vegetation-indices
https://lpdaac.usgs.gov/products/hlsl30_viv002/
https://lpdaac.usgs.gov/products/hlss30_viv002/
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MODIS Vegetation Indices 

• NDVI & EVI Products 

• 16-day and monthly composite

• 250 m, 500 m, and 1 km spatial resolutions

• Retrieved from daily, atmosphere-corrected, 

bidirectional surface reflectance

• Collection Names: MOD13 (Terra) and MYD13 

(Aqua)

– Multiple subsets based on spatial resolution

MODIS EVI from April 2020 of the western coast of Africa. 
Credit: USGS/NASA

https://modis-land.gsfc.nasa.gov/vi.html
https://modis-land.gsfc.nasa.gov/vi.html
https://search.earthdata.nasa.gov/search/granules?p=C194001237-LPDAAC_ECS&g=G1740411091-LPDAAC_ECS&q=modis%20evi&m=-12.703120517734732!24.31815883876976!3!1!0!0%2C2&tl=1574265710!4!!
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VIIRS Vegetation Indices 

NDVI composite over 

continental US from 

Suomi-NPP VIIRS

Credit: USGS

• NDVI, EVI, & EV2

• 16-day Composites 

• 500 m, 1 km ,and 0.05-degree Resolutions

• Algorithm selects the best available pixel in a 16-day window

https://www.usgs.gov/centers/eros/science/usgs-eros-archive-vegetation-monitoring-eros-visible-infrared-imaging
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AppEEARS
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AppEEARS Interface 

• Extract Area and Point Sample Data

• Using shapefiles, drawn polygons, or coordinates  

• Querry data by date ranges

• Mosaiced and clipped for HLS data 

• Can select projection and file format 

• Provides summary statistics and visualization to extract with the results and do some 

exploratory analysis prior to the data download 

• Reduces download volume significantly 

• Reproducible and traceable data 
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Median (Middle quartile) – 50%

Upper Quartile – 75%  

Lower Quartile – 25%  

Lower Whisker – lowest value 

Upper Whisker – highest value

Inter-quartile Range

(middle 50%)

Box Plots 
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Time Series Plots 
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Demo – AppEEARS
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AppEEARS Case Studies – Iowa Derecho 

• On August 10, 2020, a devastating, 

hurricane-strength derecho swept across the 

Midwest, causing widespread destruction

• Striking Iowa with little warning, the storm 

brought maximum wind gusts of 130 to 140 

mph

• It devastated 14 million acres of crops, left 

hundreds of thousands without power, and 

caused up to $11 billion in damages

Credit: NASA SVS | 2020 Iowa Derecho

https://svs.gsfc.nasa.gov/31341/
https://svs.gsfc.nasa.gov/31341/


Hands on Exercise Time
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Step 1. Navigate to AppEEARS https://appeears.earthdatacloud.nasa.gov/

Step 2. Log in using your earth data login 

Step 3. Extract NDVI point data for Channel Islands Santa Rosa Fire Torrey Pine Stand

Coordinates:

33.978342176182196, -120.00833129882812

33.978925824863836, -120.01080322265625

33.978342176182196, -120.00942993164062

33.97844517300837, -120.008056640625

33.97875416348688, -120.0105972290039

Step 4. Enter in Channel Islands Fire Dates 

 May 1st – June 30th, 2026

Step 5. Select HLS NDVI Layer for Download (optional, include a second vegetation index)

Step 6. Title, and submit 

Hands on Practice – Part 1. Coordinates 

https://appeears.earthdatacloud.nasa.gov/
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AppEEARS Case Studies – Channel Islands NP Fire 

• On May 15, 2026, a fire was spotted from aircraft 

on the southeastern side of Santa Rosa Island, part 

of California’s Channel Islands National Park

• The blaze spread over the next several days, 

ultimately burning 18,379 acres—about one-third 

of the island

• The Landsat satellite images are false-color to help 

distinguish burned areas (brown) from healthy 

vegetation (green)

• Torrey Pines are the rarest native pine in the United 

States, with a large population being wiped out 

with the fire
Cerdit: NASA

https://science.nasa.gov/earth/earth-observatory/fires-footprint-on-santa-rosa-island/
https://science.nasa.gov/earth/earth-observatory/fires-footprint-on-santa-rosa-island/
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Step 1. Navigate to AppEEARS https://appeears.earthdatacloud.nasa.gov/

Step 2. Log in using your earth data login 

Step 3. Extract NDVI area data using the downloaded GeoJSON (shapefile) for Iowa 

Step 4. Enter in dates: July 1st, 2020 – September 30th, 2020

Step 5. Select HLS NDVI 

Step 6. Select file name date formation

Step 7. Select geographic projection 

Step 8. Title and submit 

Hands on Practice – Part 2. Shapefile Upload 

https://appeears.earthdatacloud.nasa.gov/


Demo & Exercise:
Visualizing and 
Interpreting Vegetation 
Index Raster Images 
using GIS Software



Hands on Exercise Time
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Step 1. Open QGIS

Step 2. Download and unzip NDVI raster images 

Step 3. Drag and Drop Raster images into QGIS 

Step 4. Change symbology and add color ramp 

Step 5. Do for second image 

Step 6. Open Raster > raster calculator > calculate NDVI change (𝑁𝐷𝑉𝐼 𝐶ℎ𝑎𝑛𝑔𝑒 = 𝐶𝑢𝑟𝑟𝑒𝑛𝑡 𝑁𝐷𝑉𝐼 −
𝐻𝑖𝑠𝑡𝑜𝑟𝑖𝑐 𝑁𝐷𝑉𝐼)

Step 7. Change symbology for NDVI change layer

Step 8. Add open street maps, explore data 

Hands on Practice – GIS Raster Analysis 
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• Spectral indices are mathematical formulas combining spectral bands to highlight surface 

features, reduce noise, and enable consistent cross-sensor monitoring using standard formats

• Key monitoring satellites/sensors include MODIS & VIIRS for daily global coverage, Landsat 

8/9 for 30m resolution, Sentinel-2 for 10–20m resolution, and HLS for combined 2–3-day revisit 

time

• Vegetation index anomalies are calculated using 10+ year baselines to compute 

climatological means, then determining current departures via absolute, standardized, or 

percentage formulas

• Essential indices include NDVI for vegetation health, NDMI for moisture content, NDWI for 

water detection, and EVI for dense vegetation analysis

Summary 


	Slide 1
	Slide 2: NASA Applied Remote Sensing Training (ARSET) Program
	Slide 3: Today’s Agenda
	Slide 4: Learning Objectives
	Slide 5: Reviewing NASA’s Optical Earth Observing Satellite Constellation and Spectral Bands
	Slide 6: Satellite Characteristics Overview
	Slide 7
	Slide 8: Landsat and Sentinel-2
	Slide 9: Atmospheric Windows 
	Slide 10: Spectral Characteristics of Landsat and Sentinel-2
	Slide 11: Spectral Resolution: Image Bands
	Slide 12: Interaction with Earth’s Surface: Vegetation
	Slide 13: Calculating and Analyzing Vegetation Dynamics using Vegetation Indices from Optical Satellite Sensors 
	Slide 14
	Slide 15: Vegetation Index 
	Slide 16: Common Vegetation Indices 
	Slide 17: Normalized Difference Vegetation Index (NDVI)
	Slide 18: NDVI Sample Calculation  
	Slide 19
	Slide 20
	Slide 21: NDVI Value Classification 
	Slide 22: Calculating Change in NDVI 
	Slide 23: Calculating NDVI Anomaly
	Slide 24: Example NDVI Analysis 
	Slide 25: Additional Vegetation Indices
	Slide 26: Additional Vegetation Indices
	Slide 27: Accessing Analysis Ready Data Through AppEEARS 
	Slide 28: HLS Vegetation Indices 
	Slide 29: MODIS Vegetation Indices  
	Slide 30: VIIRS Vegetation Indices  
	Slide 31: AppEEARS
	Slide 32: AppEEARS Interface 
	Slide 33: Box Plots 
	Slide 34: Time Series Plots  
	Slide 35: Demo – AppEEARS
	Slide 36: AppEEARS Case Studies – Iowa Derecho 
	Slide 37: Hands on Exercise Time
	Slide 38: Hands on Practice – Part 1. Coordinates 
	Slide 39: AppEEARS Case Studies – Channel Islands NP Fire 
	Slide 40: Hands on Practice – Part 2. Shapefile Upload 
	Slide 41: Demo & Exercise: Visualizing and Interpreting Vegetation Index Raster Images using GIS Software
	Slide 42: Hands on Exercise Time
	Slide 43: Hands on Practice – GIS Raster Analysis 
	Slide 44: Summary 

