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• Biomass • Inundation

• Disturbance • Agriculture

Dense-time series of L-band data (dual-pol)

NISAR Ecosystems

Siqueira – NISAR Ecosystems Lead
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NISAR is in its final stages of integration and test!

Siqueira – NISAR Ecosystems Lead

JPL
May 2022

ISRO/ISITE
March 2023
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What defines ecosystems?

• Ecosystems 
• Vegetation: Forests, Agriculture, Woody encroachment & Desertification 

• Biodiversity:  Forests as a biomarker for habitats

• Ecosystems services:  O2, water purification, fire control, resources

• Marker of change in our environment

• Driven by the water cycle

• Structural components span the range of centimeters to meters

• Global in extent

• Vertical structure, horizontal distribution, complexity of living organizisms
• Dual- and Quad-polarization are interesting tools to explore

Siqueira – NISAR Ecosystems Lead
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Mode-Specific Science Targets in Observation Plan

• Each colored region represents a single radar mode chosen to satisfy multiple science objectives over that area.

• Avoids mode contention that would interrupt time series

Planned Acquisitions

Background Land

Land Ice

Sea Ice

Urban (small targets)

US Agriculture

Himalayas

India Agriculture

India Coastal Ocean

Sea Ice Type

US-Quad-pol 
collection over the 
states of Illinois, 
Michigan, Ohio, and 
parts of Alaska.

Background Land 

satisfies most Solid 
Earth and Ecosystems 
objectives 

Siqueira – NISAR Ecosystems Lead
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More detailed mode coverage

9-Sep-2024 - 6

Greenland 
25MHz CP &
37.5MHz HH 

SSAR

Sea Ice 5MHz

Greenland 
80MHz SP

LSAR

Antarctica 
40&80MHz SP

LSAR

North America 
40MHz DP &
20MHz QP

Coverage of India 
Region with 
LSAR & SSAR

Sea Ice Quadrant 
with LSAR & SSAR

Background Land
20MHz SP

Descending direction

Alternating each 12 days with 
Africa and South America 

Antarctica
25MHz CP &
37.5MHz HH 

SSAR

Background Land
20MHz DP

Qual-Pol modes are Fixed
All other modes are Dithered

9-Sep-2024

Urban Areas 
40MHz DP

6
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Track/Frame Data Collection

• Data are planned to be collected in track/frame coordinate system

• 173 unique tracks that comprehensively span the equator

• Within a single track/frame, data collection mode will be uniform, at the lowest bandwidth

• Higher bandwidth segments delivered separately

Ascending
          Descending

Siqueira – NISAR Ecosystems Lead
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Cal/Val Sites & Track/Frame database 

• Use the QR code above to go to the website that shows the track/frames and 
different cal/val sites

Siqueira – NISAR Ecosystems Lead
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NISAR Mission Observing plan

Siqueira – NISAR Ecosystems Lead

NISAR modes and 
track frame can 
also be explored 
via the observing 
plan website.

Data can be 
selected and 
explorted into 
different formats 
(JSON, etc.)
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NISAR
Learn More

• NISAR science handbook

• Available now as a pdf (nisar.jpl.nasa.gov/getengaged/resources/)

• Being updated now

Siqueira – NISAR Ecosystems Lead

• NISAR applications white papers

• 26 one-page double sided suitable for printing 
flyers
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2017 Sentinel-1 C-band Backscatter of Earth

Red    :  VV
Green:  VH
Blue   :  Ratio VV/VH

Data Source: ESA/Alaska Satellite Facility
RTC Data Processing: J. Kellndorfer, Earth Big Data LLC
Mosaicking and  Visualization: O.Cartus, Gamma RS GmbH

Median backscatter in 2017 time series of all Sentinel-1 A/B acquisitions
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NISAR Mission at a glance

• Four Level-1 Disciplines

 • Ecosystems/Hydrology, • Ice Sheets, • Solid Earth Dynamics, • Applications

• L- & S-band 12-day orbital repeat, left-looking only mission (observations are during ascending and descending passes, so 
effectively two observations every 12 days)

• 240 km swath using SweepSAR

• Dominant observing mode is L-band dual-pol, 20 m multi-looked resolution.  S-band collected outside of India at Cal/Val 
sites.

• Launch coming soon! 

• 4.5 TB/day data downlink

• NISAR is a requirements driven mission.  

• Example of a NISAR requirement (biomass):

NISAR will estimate global above ground biomass up to 100 t/ha at a 1 ha resolution, with an accuracy of 20 t/ha.

• NISAR reliable time-series observations will provide an unprecedented tool for monitoring the terrestrial environment and 
ecological habitats

• Data downloadable via the Alaska Satellite Facility (ASF) DAAC.  Amazon Web Services (AWS) primary mechanism of 
getting data

Siqueira – NISAR Ecosystems Lead
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Lenoir Landing
Aboveground 

biomass 
variations from 

ALS data

Testing Samples

Biomass Highlights
ALOS-2 over NEON site, Lenoir Landing, NC
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Crop Area Highlights

Siqueira – NISAR Ecosystems Lead

L-band ALOS HV 

Missouri-river agriculture region

Overall 
Accuracy = 86%

Classification of Crop Area using PALSAR, Sentinel-1, and Planet Data for the 

NISAR Mission      G. Anconitano, S. Kim, B. Chapman, J. Martinez, P. Siqueira and N. Pierdicca

Protype testing 
CoV NDVI & 
windshield 
survey for 
crop/non-crop
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Wetlands:  Peace-Athabasca Delta, Alberta
Scattering Mechanisms (double-bounce, volume, surface)

Siqueira – NISAR Ecosystems Lead
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Weltands Highlights
Pacaya Samiria, Peru

Siqueira – NISAR Ecosystems Lead
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Wetlands Highlights
Pacaya Samiria

Siqueira – NISAR Ecosystems Lead

Thiago Sanna Freire Silva w/”terrestrial” lidar
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Wetlands Highlights
Pacaya Samiria

Siqueira – NISAR Ecosystems Lead

ALOS-2 time series
High flood:          April 20, 2023
Intermediate:     June 1, 2023
Low flood:        August 19, 2023  
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Single Jupyter notebook

Siqueira – NISAR Ecosystems Lead
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On Demand System
Workflows

Siqueira – NISAR Ecosystems Lead



Things that I am excited about

Siqueira – NISAR Ecosystems Lead
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Quad-pol data collections!

Siqueira – NISAR Ecosystems Lead

Michigan State Agriculture cal/val site indicated in Red
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Time Series!

Data Source: ESA/Alaska Satellite Facility
RTC Data Processing: Earth Big Data LLC
Mosaicking and  Visualization: Earth Big Data LLC

• Metrics  of SAR backscatter over an observation time series (e.g., annual, season can be used to 
monitor agricultural activity.

Sentinel-1 2017, Ascending Near over Far Range

C-VV Median / C-VH Median / C-VH p95-p5
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Multifrequency!

Siqueira – NISAR Ecosystems Lead

L-band S-band C-band

Scale [dB]: (-30 to -10, -35 to -15, 4 to 12)

False color image: |VV|,   |HV|,   |VV/HV|

P-band ??
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Time Series

Siqueira – NISAR Ecosystems Lead

Global 
temporal 
coherence

Radar 
Cross-
Section



Biomass and Volume Scattering
increased biomass is associated with increased radar power return

High biomass

Low biomass

ALOS remnant (blue)  and non-remnant (red) biomass relationships in the presence of vegetation water 
content (VWC) [Lucas et al., JSTARS, 2010]

26
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terrain height, z(y)

path length

difference, Φ

Altitude

h

• Path length difference can be used to resolve positional ambiguity and determine the height of the terrain. 

When the signal return comes from multiple heights, 
a unique signature is observed by the interferometer.

range to 
target, ρ

baseline, B

angle, 𝜉

Sensitivity to Volume Scattering

𝑧 𝑦 = ℎ − 𝜌 cos 𝜉 − sin−1
𝜆Δ𝜙

4𝜋𝐵

Accuracy is on the order of 
meters, with a 25m resolution.

𝑘𝑧 =
𝑘0𝐵 cos 𝜃 − 𝜉

𝜌 sin 𝜃

Derivative of interferometric 
phase with respect to height

𝛾 =
1

𝐴𝜎𝑜
෍

𝑖=1

𝑁

𝜎𝑖𝑒
−𝑗𝑘𝑧𝑧𝑖

= න
−∞

∞

𝜎𝑜(𝑧)𝑒−𝑗𝑘𝑧𝑧𝑑𝑧
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Interferometry

• Interferometry combines two radar scenes to create one, consisting of complex numbers (magnitude and 
phase)

• Interferometric magnitude is called the ”Coherence”.     •  Interferometric phase is related to the topography

Scene 1, Aug 2010 Scene 2, Sept 2010 Correlation Magnitude Correlation phase

Siqueira – NISAR Ecosystems Lead
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Lidar & SAR
A match made in “heaven”

Siqueira – NISAR Ecosystems Lead



Savanna-Bio: Biomass estimation with new spaceborne 
missions for MRV in Dry Forests and Savannas

John Armston, Laura Duncanson
Mikhail Urbazaev

University of Maryland

Rajashekar Gopalakrishnan ISRO, India
Sean Healey USFS, USA
Moses Cho CSIR, South Africa
Lungile Moyo & Sindisiwe Mashele DEFF, South Africa
Peter Scarth & Stuart Phinn UQ, Australia
Daniel Tindall Qld DESI, Australia

Konrad Wessels
Xiaoxuan Li

George Mason University

Paul Siqueira
Narayanarao Bhogapurapu

University of Massachusetts



Disturbance  Lowveld, South Africa 

K. Wessels, X. Li, A. Bouvet, R. Mathieu, R. Main, L. Naidoo, B. Erasmus, G. Asner, “Quantifying the 
sensitivity of L-Band SAR to a decade of vegetation structure changes in savannas,” RSE 2023

The effects of a fence line on disturbance regimes can 
clearly be seen in the image

Disturbance likely caused by impact of high elephant 
numbers and prescribed burns in the conservation 
areas of the indicated Reserves



OUR APPROACH TO MAPPING SAVANNA ABOVEGROUND BIOMASS AND CHANGE

RCS/InSAR Modeling Canopy Structure

Hierarchical 

modeling
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A
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S-1 InSAR coherence GEDI RH98 
Estimated canopy height

Continental-scale results
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Workingn with colleagues

Siqueira – NISAR Ecosystems Lead

Fieldwork in India (Hoshanagabad & Pripiya, MP) 
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NISAR Ecosystems
Take-home messages

• Dependable L-band time-series (2 observations every 12 days)

• S-band data over agriculture cal/val sites

• High resolution (~20m),

• Dual-polarized (HH, HV); Quad-pol over India and parts of the US

• Ground-projected data will be co-registered to a fixed grid making time series analysis will 
be very simple 

• Available over all land surfaces, globally

       will change the way that we use data for Ecosystems

• Downlink data rate is 4.5 TB/day

• Learning how to work with data in the cloud is an important skill to have
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