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ABSTRACT

The NASA ISRO Synthetic Aperture Radar (NISAR) is
scheduled for launch early in 2024 from the Satish Dhawan
Space Centre (SDSC), at Sriharikota, near Chennai, India.
This mission is the result of a collaboration between NASA
and Indian Space Research Organization (ISRO), where
NASA has contributed elements of the mission such as an L-
band SAR, and ISRO has contributed other elements, such as
an S-band SAR. After successful launch, the NISAR mission
will collect left-looking L-band SAR data over most of the
Earth’s land areas twice during every 12-day exact repeat
orbit. (once while in an ascending orbit direction and once
while in a descending orbit direction). NASA and ISRO have
individual and joint requirements on the mission that include
the performance of the imaging radars onboard the
spacecraft. For example, NASA must demonstrate that this
L-band SAR will achieve a set of identified science
measurement accuracy requirements that span Ecosystem
science, Solid Earth science, and Cryosphere science
disciplines.  Likewise, ISRO has several applications
objectives on both the L-band and S-band data from NISAR
that the ISRO science team and project will be developing
and testing. Pre-launch and post-launch activities have been
planned to validate that these requirements are met. Here, we

will discuss how the NASA plans are being executed and will
present any initial results at the conference.

Index Terms— NISAR, SAR, CalVal
1. INTRODUCTION

NASA has science measurement accuracy requirements on
the L-band SAR data that will be collected by the NASA
ISRO Synthetic Aperture Radar (NISAR). Validation of
these accuracy requirements will ensure that NISAR meets
its key science objectives to understand the response of ice
sheets and glaciers to climate change and the interaction of
sea ice and climate; to understand the dynamics of carbon
storage and uptake in wooded, agricultural, wetland, and
permafrost systems; and to improve knowledge for forecasts
of earthquakes, volcanic eruptions, and landslides [1,2,3].

In order to validate these requirements, a variety of
independent measurements have been or will be acquired
during the course of the NISAR mission. /n situ observations
include position measurements from campaign or continuous
GNSS (cGNSS) stations, portable GPS measurements, water
level measurements, measurements of forest structural
parameters, soil moisture from stations and handheld probes,



and field photos. Other types of validation measurements
include forest canopy height from lidar, validation products
derived from multispectral optical sensors, modelling results,
lidar derived topography, airborne SAR data, and operational
land cover classes derived from various spaceborne sensors.

The NASA NISAR science team, consisting of about 20 U.S.
scientists that were selected in large part to lead or participate
in these Cal/Val activities, will collaborate with the NISAR
project in validating the NASA science requirements during
the mission. The NASA and ISRO science teams have
additionally been planning many joint Cal/Val activities
relevant to the science and application objectives of both
teams.

NISAR will be the first SAR mission to validate science
measurement accuracy requirements across such a broad and
diverse array of science disciplines. The methodology for
validating the NISAR science measurement accuracy
requirements will be briefly described. If post-launch results
are available by the time of the conference, these results will
be presented as part of the final presentation. In each case,
the science measurement accuracy requirements will be
evaluated against alternative measurements of the same or
related quantity obtained independently of the NISAR
mission.

2. SCIENCE MEASUREMENT
REQUIREMENTS

NISAR has thirteen science measurement accuracy
requirements from NASA that will be validated during the
mission. These requirements span three science disciplines:
Solid Earth Science, Cryosphere Science, and Ecosystem
Science. In addition to these requirements, the project also
has a similar number of science measurement goals that will
be investigated by the NASA and ISRO science teams [1]. In
addition, the project will routinely produce a soil moisture
product from every NISAR L-band image acquisition and
evaluate its accuracy. The discipline-specific science
requirements are as follows.

2.1 Solid Earth Science

Secular Deformation: Over three years, the NISAR project
shall measure at least two components of the spatially and
temporally averaged relative vector velocities over active
regions of Earth’s land surface with accuracy RMS accuracy
of 2 mm/yr or better, over length scales 0.1 km <L <50 km,
over 70% of these regions.

Co-seismic Deformation: Over three years, the NISAR
project shall measure at least two components of the point-to-
point vector co-seismic displacements of at least 80% of
regions where earthquakes with sufficient magnitude to
generate surface displacements of 100 mm or greater occur,
with accuracy of 4(1+L"1/2) mm or better, over length scales

0.1 km <L <50 km, at 100 m spatial resolution over at least
70% of these regions.

Deformation Transients: The NISAR project shall measure at
least two components of the point-to-point vector
displacements over at least 70% of targeted sites with
accuracy of 3(1+ L"1/2) mm or better, over length scales 0.1
km <L < 50 km, at 100 m resolution, and over 12-day time
scales.

Permafrost Deformation Measurement: The NISAR project
shall measure surface deformation in permafrost-affected
areas semi-monthly at 100-m resolution during snow free
months with accuracy of 4(1+L"1/2) mm or better, over
length scales 0.1 km < L < 50 km, over 80% of selected
regions, and over any 90-day interval.

2.2 Cryosphere Science

Ice Sheet and glacier Velocity Measurement - Slow
Deformation: The NISAR Project shall measure ice sheet (>
90% coverage, including both poles) and glaciers and icecaps
(> 80% coverage) horizontal velocity each cold season to an
accuracy better than the sum of 3% of the horizontal velocity
magnitude and 1 m/year (1-sigma), at 100-m resolution in
areas of slow deformation (< 50 m/year).

Ice Sheet and Velocity Measurement - Fast Deformation: The
NISAR Project shall measure ice sheet horizontal velocity
(90% coverage, including both poles) to an accuracy better
than 3% of the horizontal velocity magnitude plus 5 m/year
(1-sigma), at 250-m resolution each cold season in areas of
fast deformation (>50 m/year).

Ice Sheet Velocity Sampling: The NISAR Project shall
measure time-varying horizontal velocities of icesheets at
near-weekly sampling intervals in areas of potential rapid
(e.g., outlet glaciers) or seasonal change to an accuracy better
than 3% of the horizontal velocity magnitude plus 10 m/year
(1-sigma) at 500-m resolution (> 80% coverage).

Vertical Differential Displacement Measurement: The
NISAR project shall measure the vertical differential
displacement of all floating ice shelves and ice tongues with
vertical accuracy of 100 mm at 100-m resolution annually (>
95% coverage) and monthly (>50% coverage).

Sea Ice Velocity Measurement: The NISAR project shall
measure sea ice velocity at 100 m/day accuracy on a 5 km
grid every 3-days over at least 70% of the Arctic and
Antarctic Sea ice extent.

2.3 Ecosystem Science

Woody Biomass Measurement: The NISAR project shall
measure aboveground woody vegetation biomass annually at
the hectare scale (1 ha) to an RMS accuracy of 20 Mg/ha for
80% of areas of biomass less than 100 Mg/ha.

Vegetation Disturbance Measurement: The NISAR project
shall measure global areas of vegetation disturbance at 1



hectare resolution annually for areas losing at least 50%
canopy cover with a classification accuracy of 80%.
Inundation Measurement: The NISAR project shall measure
inundation extent within inland and coastal wetlands areas at
a resolution of 1 hectare every 12 days with a classification
accuracy of 80%.

Crop Area Measurement: The NISAR project shall measure
crop area at 1 hectare resolution every 3 months with a
classification accuracy of 80%.

2.4 Soil Moisture

The project will routinely produce a soil moisture estimate at
a reduced resolution corresponding to each acquired NISAR
image. During the Science Cal/Val phase of the mission the
accuracy of these estimates will be evaluated over a small
number of in situ soil moisture sites.

3. INSITUDATA COLLECTION

Many of the in situ validation data sets are from cGNSS
stations, which regularly measure and publish their Latitude,
Longitude, and elevation. Prior to being used for validation,
the raw GPS data are processed to provide a daily or sub-daily
estimates of position. These processed positions will then be
used to validate surface deformations or surface velocities
measured using NISAR data. For the Solid Earth Science
measurement accuracy requirements, cGNSS data from
established geodetic arrays will be utilized. These arrays are
located in three distinct ecosystems: four in
desert/scrub/savanna areas; six in mixed forest areas, and
three in island/peninsula areas. These arrays are already
collecting data and have been for many years. (Deformation
results from NISAR will also be analyzed over areas with
minimal expected deformation.) For the Cryosphere Science
measurement accuracy requirements, the project, in
collaboration with the National Science Foundation and
Earthscope, will deploy sixteen cGNSS stations on ice sheets
in Antarctica and Greenland. Six stations in Antarctica will
be deployed in early 2024, and ten stations in Greenland will
be deployed in April and August 2024. (Velocity and
displacement results from NISAR data will also be analyzed
over areas with minimal expected motion.) The sea ice
velocity measurement requirement will be validated with
GPS position data from sea ice drift buoys deployed every
year onto drifting sea ice. These buoy deployments are
coordinated by various monitoring programs such as the US
Interagency Buoy Program. These data are made available to
the public from the [ABP [4].

Other campaign-style in situ GPS data that will be collected
includes field surveys of the change in surface topography of
permafrost sites between the early and late thaw season, field
surveys delineating active crop areas, field surveys of trees

within forest biomass plots, field surveys of instrument
locations, and field surveys of inundation extent.

A variety of types of in situ data will be acquired for
Ecosystem science measurement accuracy requirements. The
project has been collecting field plot data and airborne lidar
data at globally representative biomass ecoregions. Through
many collaborations with the international forest biomass
measuring community, over 30 sites will be used for
validation of biomass retrieval accuracy from NISAR data.
Spanning fifteen distinct biomass ecoregions, these data sets
will be used to derive state of the art maps of above ground
biomass. The NISAR project has specifically led the
collection of data at 10 of these sites. For forest disturbance,
wetland inundation, and active crop area, each of these
disciplines will utilize very high resolution multispectral
optical data such as from the daily global Planet observations.
Commercial data sets such as from Planet are available to the
NISAR project through the NASA Earth Science Division
Commercial Smallsat Data Acquisition (CSDA) program.
For each measurement requirement, a corresponding derived
map will be produced from a time series of Planet imagery
over Cal/Val sites. These derived maps will then be
quantitatively compared against results from NISAR imagery
to estimate the science measurement accuracy.

For the Solid Earth Science and Ecosystem Science, the
NASA/JPL fully polarimetric and high-resolution L-band
airborne SAR (called “UAVSAR”) will repeatedly underfly
specific NISAR passes corresponding to the locations of a
subset of the NISAR CalVal sites. The data from UAVSAR
will be used to develop high quality validation products that
allow difficult cases to be definitively evaluated. For Solid
Earth science, the UAVSAR data will allow the team to
evaluate deformation measurement accuracy at smaller
spatial scales than allowed by using cGNSS data alone. For
the  Ecosystem Science inundation measurement,
polarimetric decompositions of the fully polarimetric L-band
data from UAVSAR will be used to validate inundation
beneath thick vegetation canopies, not typically visible in
other remote sensing data sets or feasible with ground
measurements.

In situ sensors, both long-established stations or those
deployed by the NISAR project, will provide ancillary data
to validate Planet or UAVSAR results, and the NISAR results
themselves. These in situ sensors include water level gauges,
soil moisture sensors, temperature sensors, and various data
from weather stations. Other in situ data includes field
measurements by portable GPS of positions of relevant
targets including elevation, and “windshield surveys” in crop
growing regions, where specific cropland boundaries are
characterized. Other ancillary data such as land cover maps,
the USDA cropland data layer [5], or digital elevation models
may be used in the validation workflows to exclude those
areas from consideration that may fall outside the scope of
the requirements.



3. VALIDATION

The NASA NISAR science team has developed algorithms
for producing science products from NISAR data for
validation of some of its measurement accuracy
requirements. These algorithms were subjected to peer
review, accepted by the project, and described on a public
Gitlab [6]. ALOS-2 L-band SAR data, provided by the
Japanese Aerospace Exploration Agency (JAXA) and
Sentinel-1 C-band SAR data provided by the European Space
Agency (ESA) and its Copernicus program were used both
during the development of the algorithms and for testing the
validation workflows. The project has also established an on-
demand computing environment on Amazon Web Services
(AWS) in the same region that the NISAR data will reside
after processing (US-west-2). Many of the algorithms and
the validation workflows are coded in a Jupyter notebook [7].
For the Solid Earth Science, the validation workflow consists
of three approaches. Method one is a direct comparison of
the ¢cGNSS data with InSAR results to obtain the noise
structure function. Method two is measurement of the noise
structure function over regions with minimal expected
deformation, and method three is a comparison of high
resolution UAVSAR InSAR results with the NISAR InSAR
results [8].

For Cryosphere Science, the velocity product generated from
the NISAR data will be compared with two types of target
locations: zero velocity points on exposed bedrock, or on-ice
GPS measurements of ice flow speed and elevation. The
errors are then evaluated as the means, standard deviations,
and root-mean-squares of the differences between SAR-
measured velocities or displacements and the corresponding
GPS or zero velocity points at the locations of measurement
[9].

For Ecosystem Science, forest disturbance, wetland
inundation extent, and active crop area produced from
NISAR data will be compared pixel for pixel against
validation products described in the previous section. The
resulting confusion matrix is evaluated to produce accuracy
estimates. For the validation of forest biomass, the
requirement is validated for each site by finding the error
between NISAR and estimated above ground forest biomass
values over each 20 Mg/ha subsets of the required biomass
range [10].

4. CONCLUSIONS

In this paper, we have described the science measurement
accuracy requirements for the L-band SAR data from the
NISAR mission. In order to demonstrate that these
requirements are satisfied by the NISAR data, the project will
collect a variety of in situ and other remote sensing data to
compare against products derived from NISAR data. For
some measurement requirements, point-wise data will be

directly compared with NISAR data or products derived from
NISAR data to assess the accuracy, and in some cases
spatially derived products will be used to assess the accuracy
of the NISAR science products.
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