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What is Landsat?

The world's longest continuously operated land remote sensing satellite series
The most widely used and cited land remote sensing data set; critical to understand land, water, and
natural resources

An indispensable tool to understand and effectively manage natural and human-induced landscape

Common Uses of Landsat data by Federal Agencies, States, and the private sector:

® Agriculture and Forestry ® Water Quality and Resources Famine Early Warning

Regional Land Use Planning Global Change Science Carbon Assessment

o
o
Land Use/Land Cover Flood Management ® Drought Monitoring
o
o

Fire/Disaster Management National Security Transportation Planning

oy and Mineral Mapping Ecosystem Monitoring Calibration/Validation

Multi-spectral coverage in VNIR-SWIR-TIR**
-> to map surface composition & temperature

15/ 30 / 100 meter spatial resolution
-> to resolve human-scale land dynamics

16-day revisit frequency (8-days w/ two satellites)
-> global, seasonal coverage

Broad area collection => 12,000+ square miles per image
-> 1400 images/day = 20 million square miles/day

Highly calibrated “science quality” data
-> to resolve long-term trends & retrieve biophysical variables
->to improve commercial EO satellite data & applications

Free and Open Data policy since 2008

-> Hundreds of millions of data and product accesses, vastly
accelerating landscape science and improving related public
and private services.

*VNIR: Visible Near-Infrared SWIR: Shortwave Infrared TIR: Thermal Infrared 2



Landsat: The Backbone of Past, Current,
and Future Earth Observations

= Five-decade-plus record of land cover, land use, and vegetation condition

= Large area coverage for global, continental and regional land cover studies

= [andsat remains the most cited land remote sensing system in the
peer-reviewed scientific literature - and the citation rate is increasing
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470,022 ha : Global Surface Water Change,
Pekel, et al., Nature 2016

Mapping Global Cropland,
Phalke, et al, ISPRS 2020

Google Earth Engine _CART®

Global Forest Watch provides a "near-real time" view of deforestation (and reforestation) around the world






at Science Products - Dynamic Surface Water Exte
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Goal: Enable monitoring of
surface water from Landsat
imagery at spatial and
temporal resolutions useful
for climate, hydrology, and
biologic science as well as
land/water resource
management.

Jones, J.W., 2019. Improved Automated
Detection of Subpixel-Scale
Inundation—Revised Dynamic Surface
Water Extent (DSWE) Partial Surface
Water Tests. Remote Sens., 11, 374
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at Science Products - Fractional Snow-Covered Aré
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Tile hO7v05-06 - Landsat 5 bands 6,5,4

Landsat Fractional Snow-Covered Area
is an information product that maps snow
cover over wide areas such as mountain
ranges and river basins.

This product is a crucial input to some
Western States' sustainable water supply
and resource management objectives.

Craters of the Moon National
Monument & Preserve, Idaho, 2010.
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‘h\‘“‘*"Landsat Captures Lakes Shrinking Over Time -

Great Salt Lake, UT, May 2021
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Annual total evapotranspiration 2017 from
Landsat

Mac Friedrichs, Gabriel Senay,
EROS

Landsat-derived
provisional Actual
Evapotranspiration
science products
from 1985 are
available globally.

Example here
captures cropland

ET and water use.



Methodologies
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In collaboration with

OPEN

OpenET, a public-private collaboration with over 30 exg
remote sensing science and technology, including NASA, e
USGS, USDA, DRI, the Enwronmerum und, Google R
Earth Engine, and more. e £
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https://unsplash.com/@aleskrivec?utm_source=unsplash&utm_medium=referral&utm_content=creditCopyText
https://unsplash.com/s/photos/landscape?utm_source=unsplash&utm_medium=referral&utm_content=creditCopyText

Lubbock, TX region

* USGS scenario-based modeling of
future landscape change 2014-2100

g iR e ' [l - gl gt jal: - Combines climate scenarios, land
e e ‘ ‘ A kg - - . :
5;%5;‘% Ry Ly S e i and water use modeling using real
seteyrnsacRe sREaas , LugeaAE ey R e B s ; land ownership and land
S L Bal management boundaries to mimic
& NEER )i : real patterns of landscape change.
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* As the aquifer becomes depleted
and the climate changes, irrigated
cotton (purple) can no longer be
supported, and ag fields shift either
to dryland wheat, or revert to grass
or shrub states.

Based on USGS FOREcasting SCEnarios of Land—use Change (FORE-SCE).
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https://www.usgs.gov/special-topics/land-use-land-cover-modeling/land-cover-modeling-methodology-fore-sce-model

A DOI/USGS-NASA partnership
to ensure sustained access to
high-quality, global,
land-imaging measurements
compatible with the existing Wi
50-year Landsat record for h

BUILDING oN THE LANDSAT LEGACY

research and operational users

L Landsat 8
9 2013 -

- NASA s responsible for & g R
developing the space segment, 1
launch, and on-orbit check-out

DOI/USGS is responsible for

Landsat 7
1999

establishing user needs,
developing the ground segment,
and flight and ground system
operations
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Requirements, Capabilities, and Analysis

Core Science Systems — National Land Imaging Program
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New Landsat Next

~ 100m

'1g 13 17 23
i i;1o 12 Diarsie <80m> 11 1I9 ﬁ 2I1
Landsat Next i | < 20m >
Superspectral i ‘:I s EI Landsat Next
04 : . : : :
400 900 1400 1900 2400 \/\ 10000

Wavelength (nm)

= USGS
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spectral bands
enable/improve
applications:

« Aerosol retrieval and

atmospheric correction

» Water quality and

harmful algae bloom

* Vegetation condition,

plant productivity

* Snow grain size for

water resources

« Cellulose/crop residue

for soil quality

« Active fire and

volcanos

» Mineral and surface

composition mapping

* Temperature -

emissivity separation
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Landsat Next LANDSATNEXT
* Landsat Next “Superspectral Triplets” mission, the result of six A

years of needs assessment, technology investment, architecture studies L

and early project development, provides a completely new ‘ B Ernasat Nest

next-generation Landsat, meeting the users’ needs for richer spectral ]

information and improved spatial and temporal resolution and .

maintaining U.S. leadership in Earth observation

* Improved revisit frequency to support applications requiring ~weekly clear |

views, such as crop health & productivity, water quality, snow/ice state, [ T | | ,

wildfire et e themal s

* Higher spatial resolution (10/20-meter data for VSWIR and 60-meter for
TIR) to support monitoring of small agricultural fields, forest disturbance,
LANDSAT NEXT WILL ADD 15 NEW BANDS TO

urbanization, and other applications  SUPPORT EMERGING USER APPLICATIONS.
yr PN

THE FUTURE WILL BE ‘SUPER-SPECTRAL’

* Additional spectral bands to support emerging applications in water quality,
snow hydrology, soil mapping, and other areas; improve atmospheric
correction and surface temperature retrieval

Landsat Next A

e Maintaining radiometric quality established by Landsat 8/9 . (

 NASA and USGS Landsat Next project teams, established in 2020, are
in development phase A and on track for instrument award in 2024 '  \

Landsat Next will provide more than twice as many spectral
bands as Landsat 8/9, with spatial resolution improved by a

factor of 2, and significantly improved repeat coverage

- Landsat Next C

NASA “Landsat’s Next Chapter” Video
https://svs.gsfc.nasa.qgov/14262
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https://www.youtube.com/redirect?event=video_description&redir_token=QUFFLUhqa3BSMHFXbTNhN0VmWmNwaFR0Y1cxOUNTaFZCd3xBQ3Jtc0tsRHpZOERiWVFNc2tGcWtmZmxMR0tEQ2N3bzZMVnRsQ3psVGVOVXdLbjZEUXlnYkNDZm1ZRVl1SnRFajFyMWlncmxDalY2VzhpZlJYLXlxeUFvRWhrSm9DU2t6V2VhNHJ2bTFqUW1FV2hUS0NvS0RBRQ&q=https%3A%2F%2Fsvs.gsfc.nasa.gov%2F14262&v=339KeL29tig
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Application

U.S and global
agricultural
monitoring

Crop residue
monitoring/soil
conservation

Forest health
monitoring

Evapotranspiration
and water use

HAB detection and
monitoring

Snow/water
availability

Monitoring urban
heat islands

Pre- and post-fire

Driving Applications for Landsat Next -

Science Benefits from Landsat Next

Landsat Next will allow USDA Foreign Agricultural Service (FAS), Farm Service Agency (FSA) and
National Agricultural Statistics Service (NASS) more precise observation of crop emergence.

Landsat Next observations in the early growing season can allow USDA Natural Resources
Conservation Service to detect cover crop and crop residue for soil conservation at the field-scale.

Landsat Next will aid USFS, BIA, BLM, FWS, NPS and USGS in the detection and identification of
insect/disease agents for forest health monitoring, since symptoms are often seasonal and
transient.

Landsat Next frequent observations of evapotranspiration (ET) are needed for field-scale ET
estimates and continuous water use monitoring operationally by BOR, USGS, FAS, NASS and Western
States.

The new targeted spectral bands for water quality provided by Landsat Next will enable detection of
specific organisms that cause harmful blooms.

Higher temporal frequency and new targeted spectral measurement capabilities of Landsat Next
will reduce cloud cover contamination while increasing detection.

Landsat Next can help capture more frequent, intense, and longer heat waves as climate change
indicators.

Landsat Next higher temporal revisit is needed to capture the onset of more frequent wildfires and



Visible light

Bands: 6 -7
Application Area: Water
Quality

New Band Impact:
Enhances detection of the
specific organisms that cause
harmful algal blooms.

Thermal Infrared

Near Infrared Shortwave Infrared

Bands: 9- 10
Application Area: Crop

condition monitoring
New Band Impact: Improves
early detection of crop stress.

15



at Next and Landsat Science Require Full FY25 Fung

/Federal Landsat Next activities are funded from two Congressional committees:
* Commerce, Justice, Science and Related Agencies for NASA
* Interior, Environment, and Related Agencies for DOI/USGS

NASA Landsat Next funding is contained within the NASA Earth Science Division
* Development of the space and launch segments — Landsat Next funding line

DOI/USGS Landsat Next funding is contained within the National Land Imaging Program of
the USGS Core Science Systems Mission Area

* Landsat Next development & operations is in Satellite Operations (+12M in FY25)

* Develop the satellite ground system enabling enhanced observing capabilities

* Landsat Science is in Science, Research & Investigations (+9.25M in FY25)

* Support science research for algorithm development to translate data into information
NASHodneisUS GE=eaehnreasdectiiade foflbFCR2 5 isterd sap Ndikiefunding requests to
maintain Landsat Next development, reduce threats of a data gap, and enable

\improved and emerging resource and environmental management applications.




Summary

Landsat Next will continue and improve the 50-year Landsat data record

« Landsat is the most widely used land remote sensing data source within Federal civil agencies.

« Commercial data providers need Landsat’s rigorous calibration standards to build and improve
their products.

Provides a completely new and improved Landsat for the next generation

 Better spatial resolution (10 meter vs 30 meter) and twice as many spectral bands (new ones for
agriculture, harmful algal blooms, water use, mineral mapping, volcanos), with improved revisit
(6-days) to track ever-increasing rates of change on the land surface.

Continues substantial economic benefits to the U.S. economy (~$2 billion/
VEELD)

 Information from Landsat contributes to day-to-day decisions on land, water, and resource use
that protect life and property; safeguard the environment; advance science, technology and
education; support climate resiliency; and grow the U.S. economy.

ZUSGS
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Columbia Glacier, Alaska 2002
0

1972-2022

Thank
TinYoQM"Stryker

Chief, Outreach and Collaboration
Branch

National Land Imaging Program
U.S. Geological Survey

U.S. Department of the Interior

tstryker@usgs.gov
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Landsat Operations Status

Landsaz Archlve
Operations

“‘ 11+ million unique Landsat

& . " > _ scenes available in the over
off-nadirimagingof | | - e - 50-year archive, with well

ay nlght a
. ;" voloa‘ aﬁg_ r.elmaglng

day, nlg and a ~ : ) o
voJ.cano and fire i . il : I over 100 million downloads

. m:; e ™ 7 ('1 99.9 _,2024) in the last year alone.

L v‘ ece n y lo -Iéwer'storage y , , .
orb|t\awa| | satellite Collection 2" available on

* rendezvous a_hd_,r‘efue MNest. 20 the Amazon Cloud — more
' \ b than 14 billion accesses in

A

SR CRa— the last year alone.
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Sustainable Land Imaging Governance

» New ten-year SLI N(A\Sﬁ
agreement signed in |
December 2021

. Joint NASA-DOI/USGS SR

leadership commitment e Steering
P 1rector, £a. cience pivision Group
and structure to continue

and improve the Landsat AssociatelDirector,
data record SLI Roundtable

Program Executive, SLI Program Coordinator,

National Land Imaging

E NASA Project Manager(s) USGS Project Manager(s)
a2 USGS

science for a changing world

Joint Leadership and Management Structure

20



Multi-Decadal Sustainable Land Imaging Program

Second Phase of SLI

‘69 Landsat Next

<%

First Phase of SLI

Landsat 9

® Commercial/Interagency/
International Partnerships

SLI Technology Development and Infusion (NASA)

) USGS
= User Needs Development (USGS)

"/

11/22/2017 04/01/2020 02/10/2022

® A o8 N

iteclure ———— “Architeciure g0 ~ Architecture
Study Study ) 4 Study
2018-2019

2013-2014
JSG=Joint Steering Group Meeting .




SLI “Second Phase’” Program Activities

1972-2022

= Three new elements

= Landsat Next — Government-managed, contractor-built observing system
= High-quality calibrated data continuity and traceability with 50-year Landsat data record
= Supports applications with validated user needs
= Provision of commercially unavailable and unviable spectral bands (Shortwave and Thermal Infrared)
= Expanded International partnerships
= Continue international data harmonization efforts with the European Sentinel 2 mission
= Provide technical assistance to the Space-based Cross-calibration Radiometer (SCR) project with Australia
= Commercial Data Program
= Exploring use of commercially available high spatial resolution and high revisit of Visible-to-Near-Infrared data

ZUSGS

science for a changing world
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LNext Temporal Coverage Impacts of Landsat Next on Agency Needs

Landsat Next

)

&

USGS

Science Applications and Agencies for User Needs Satisfaction

Agriculture & Forestry (FAS, FSA, NASS, NRCS, RMA, USFS, BIA,
BLM, FWS, NPS, USGS, EPA, USAID, NASA, DOE)

Emergency/Disasters (USGS, OSMRE, BOEM, BSEE, USFS, NOAA,
USAID, NIH, FEMA, NASA, DOE)

Public health/Water Quality (USGS, NPS, EPA, NOAA, NIH, NASA)

Water resources monitoring (BOR, USGS, FAS, NASS, NASA, DOE)

Wildfire Response and Assessment (BIA, BLM, FWS, NPS, USGS,
USFS, NRCS, NASA)

Cryosphere (BOR, USGS, NRCS, NOAA, NASA, DOE)

Ecosystems/Land Use (USDA, DOI, EPA, NOAA, USAID, FEMA,
NASA, DOE)

CT - Crop Type

CY - Crop Yield

LAI — Leaf Area Index

VC - Vegetation Condition

BABS — Burned Area/Burn Severity
AF - Active Fires

VA - Volcanic Activity

SWE - Surface Water Extent

ST — Surface Temperature
LC — Land Carbon
GLI - Glacier & Ice Sheets

Climate
Climate Critical
Indicators Measures
ST, LC CT, CY, LAl VC
AF, VA, SWE,
OSE
ST UHI, wQWwC
ST ET, WQWC
ST, LC BABS, VC,
LULC
ST, GLI GLlI, SCE, SGS
ST, LC fPAR, LULC, VC

OSE - Oil Spill Extent

UHI = Urban Heat Island

WQWC - Water Quality/Water Chemistry
ET — Evapotranspiration

LULC — Land Use/Land Cover

SCE - Snow Cover Extent

SGS - Snow Grain Size

fPAR - Photosynthetically Active Radiation

Landsat

Landsat Heritage
& Next

L8+L9 Triplets
8-day 16-day 6-day
Revisit Revisit Revisit

Reflects varying spatial and spectral
capabilities

YELLOW =1/3 - 2/3 met

*°
\ f

Key to Agencies

FAS: Foreign Agriculture Service

FSA: Farm Service Agency

NASS: National Agricultural Statistics Service

NRCS: Natural Resources Conservation Service
RMA: Risk Management Agency

USFS: U.S. Forest Service

BIA: Bureau of Indian Affairs

BLM: Bureau of Land Management

FWS: U.S. Fish and Wildlife Service

NPS: National Park Service

USGS: U.S. Geological Survey

EPA: Environmental Protection Agency

USAID: U.S. Agency for International Development
NASA: National Aeronautics & Space Administration
DOE: Department of Energy

OSMRE: Office of Surface Mining Reclamation and
Enforcement

BOEM: Bureau of Ocean Energy Management

BSEE: Bureau of Safety and Environmental Enforcement
NOAA: National Oceans and Atmospheric Administration
NIH: National Institutes of Health

FEMA: Federal Emergency Management Agency
BOR: Bureau of Reclamation

USDA: U.S. Department of Agriculture

DOI: Department of the Interior

Landsat Next

23



Sl sin viie MU

[OLand Cover & Change: Historical land change and current
land change. Assess where, how, and why the landscape is
changing. Interactions with weather and climate, the

* carbon cycle, water resources, and ecosystem functioning.

National Land Imaging
Science Portfolio

The National Land Imaging
science portfolio conducts
research and delivers
information products to:

OWater & Drought: Surface water extent mapping,

watershed modeling, evapotranspiration (ET), water use,

water quantity and quality. Monitor drought impacts on

vegetation, fire, water availability, land cover change,

= Improve understanding of carbon storage, GHG, and ecosystem functions.
rates, causes, and

consequences of land

change

OFire Science: Wildland fuels mapping, fire risks monitoring,
fire behavior modeling, fire danger forecasting,

= wildland-urban interface, post-fire assessment and recovery |
= monitoring, for strategic and tactical fire management.

- Anticipate future

Iandscape changes [Ecosystem Services: Evaluate social values and distribution

£~ and flow of ecosystem services. Development of natural
> Capital accounts that link natural resources and ecosystem
¥ services to national economic accounts.

- Deliver landscape change
information to natural
resource managers and
stakeholders

- Mitigate adverse effects of
environmental hange



ZUSGS

science for a changing world

Key Landsat Uses for the
United States




Development (towns and cities): Landsat helps identify urban heat
islands in the hottest regions of the U.S.

« Urban population in the U.S. has increased >6.3% in last 40 years
ISSUE « More than 80% of U.S. population resides in urban areas (U.S. Census, 2020)
« Urban heat islands due to urban infrastructure absorbing + re-emitting heat from the sun can
lead to physical discomfort, higher rates of illness and death

.
44 “
" )
by B8
R |.. .
B — — N

« Consistent, reliable, and historically unique Landsat data archive and thermal imaging
SOLUTION capabilities provide important tools for high-heat states (i.e., TX, CA) to track extreme |
urban heat events, enhancing economic and public health outcomes

.‘, A\,.I e 1 ..
]‘ i p he ) : .-_‘

LANDSAT - Using Landsat Next's improved thermal resolution, scientists and data users can map
the temperature of urban areas in finer detail and may enable more sustainable

NEXT urban development

g .".'

.
', -

_L

e




Water: Landsat supports monitoring water use and quality, in
addition to public health alert systems

Monitoring water use and quality requires over $65 billion/year in federal funding
Overabundance of nutrients from agricultural runoff + other pollutants can cause harmful algal

blooms (HAB)
HABs make water toxic for humans and wildlife

Landsat data offers alternative to complex volunteer collection efforts to survey for HABs

(cyanobacteria concentration)
Highly sensitive and accurate multi-spectral capabilities allow detection of algal growth

(chlorophyll a)

J

» Landsat Next's new superspectral capabilities will improve the accuracy of HAB
LAN DSAT mapping by up to 50% compared to Landsat 8/9 by detecting phycocyanin, a
N EXT pigment specific to HABs) (Boucher and others, 2018; Zolfaghari et al., 2021)

« Allows for earlier detection and more timely treatment (Wolf and others, 2017)
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l Forests: Landsat supports monitoring and improved land
management decision making

Forests provide essential jobs, natural resources, consumer products, environmental benefits,

and recreation
Forests maintain natural heritage, support economic growth, enable innovative products (e.g.,

hydrogen fuel w/ carbon capture and mass timber)

Landsat 8/9 is essential for effective forest management and conservation
SOLUTION Forest monitoring in the U.S. and worldwide is enabled by Global Forest Watch science

products built on the Landsat archive
Products provide info on tree cover loss, deforestation hotspots, near real time

» Landsat Next will increase the timeliness and detail of deforestation and wildfire

LAN DSAT tracking

* New info from red edge bands + more timely data will allow better forest health

N EXT tracking

ZUSGS

science for a changing world
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. Disasters: Landsat helps monitor and manage disasters, and post

1 disaster recovery
S e B e : EY AT el
« In2022 d|sa5ters produced $1 65.1 billion in damages across the United States
ISSUE « Recently, Western U.S. has witnessed increased fire frequency and intensity, and broader

burned area
« Between 2013-2022, U.S. spent an average >$2 billion/year to fight wildfires, including $3.5
billion in 2022

. Disasten iRt U ICllILE Tategic féfests and range/SReS e

s

« Wildfire severity mapped by the USGS and USFS Monitoring Trends in Burn Severity

SOLUTION (MTBS) program across the U.S. use the Landsat archive
« lLandsat 8/9-powered near real time active fire monitoring via NASA-USFS Fire

Information for Management System (FIRMS) program

'\ = .' . -l - .: .,.”. "T figs 2
& ‘5&% : . ,' o ’tf % 3 ot B e

» Greater frequency and detail of Landsat Next observations will improve the
LAN DSAT frequency of monitoring and management of wildfires and other disasters +

N EXT post-event recovery activities

- — o . e y 3
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H Agriculture: Landsat improves crop treatments and production
forecasting across America’s heartland

S sJ m-,. T GEY Tl ‘m-"

Agriculture, food, and related industries contributed $1.420 trillion to the US GDP in 2022 )

|SSU E « Each growing season, the USDA issues several reports to forecast the year-end tally for major
3 crops including corn, soybeans, and wheat
«  Multi-million-dollar US agricultural commodities market relies on crop pred|ct|ons when

Since 2009, the USDA's National Agricultural Statistics Service, or NASS, has drawn on
SOLUTION Landsat data to monitor dozens of crops in the lower 48 states as part of NASS's

Cropland Data Layer program.

Landsat data enables accuracy of USDA and state forecasts and monitoring

‘J\' - h
' — : £

* Finer (10-meter) Spat|al resolution will allow monitoring and crop yield estimation for k

. - conducting future tradin | .

LAN DSAT 20-25+% more fields

NEXT » Enhanced spectral imaging capabilities will improve crop health monitoring and early
stress detchon



