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NISAR – NASA ISRO SAR MissionSolid Earth, Ecosystems, Cryosphere
Science and Applications Mission

• Collaboration of NASA and the Indian Space 
Research Organization (ISRO)

• Launch in Jan. 2024
• Two radars 

• L-band (24 cm) global land + sea ice –
higher coherence than C-band 

• S-band (10 cm) India’s AOIs

• 12 day orbit repeat interval 
• Product delivered in ~24 hours 

• 5 hours for disaster response
• Data is free and open to all 

• Hosted at the Alaska Satellite Facility

Flight Configuration of NISAR 



NISAR Characteristic: Enables:

L-band (24 cm wavelength) Low temporal decorrelation and 
foliage penetration

S-band (9 cm wavelength) Sensitivity to lighter vegetation

SweepSAR technique with
Imaging Swath > 240 km

Global data collection

Polarimetry
(Single/Dual/Quad)

Surface characterization and 
biomass estimation

12-day exact repeat Rapid Sampling/time series

3 – 10 meters mode-
dependent SAR resolution

Small-scale observations

Pointing control < 273
arcseconds

Deformation interferometry

Orbit control < 500 meters Deformation interferometry

L/S-band > 50/10% 
observation duty cycle 

Complete land/ice coverage

Left-Looking Uninterrupted time series; 
More Antarctic coverage

Pass 2Pass 1

Repeat Pass InSAR

L- and S-band Wavelength

L- longer           S- shorter
24 cm              10 cm

Oriented            Random
Structures          Volumes

Polarimetry
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NISAR instrument Characteristics

74
7 

km

Earth 
surface

Observation Geometry

>240 km

6 AM / 6 PM Orbit
98.5o inclination

Arctic Polar Hole: 77.5 Lat
Antarctic Polar Hole: -87.5 Lat

Solid Earth, Ecosystems, Cryosphere
Science and Applications Mission



Measurement Technique
SweepSAR

• SweepSAR
• On Transmit, illuminate the entire swath of interest
• On Receive, steer the beam in fast time to follow the 

angle of the echo coming back to maximize the SNR 
of the signal and reject range ambiguities

• Allows echo to span more than 1 Inter-Pulse Period 
(IPP)

• Consequences
• 4 echoes can be simultaneously returning to the radar 

from 4 different angles in 4 different groups of 
antenna beams

• Each echo needs to be sampled, filtered, beam-
formed, further filtered, and compressed

• On-board processing is not reversible – Requires on-
board calibration before data is combined to achieve 
optimum performance
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NISAR Operations Overview

Up to 4 Gb/sec; ~27 passes/day
35 Tb daily average volume 

(including 9 Tb SNWG)

ISRO S-Band Stations
(ISTRAC) 

ISRO Ka–band Stations
(Shadnagar, Antarctica) 

NEN Ka Stations
Fairbanks, Svalbard, 

Wallops, Punta Arenas

L-SAR Data

NEN Data 
Acquisition 
Processing 

and Handling 
Environment 
(DAPHNE)

S-SAR Data

Amazon Web Services
Science Data Processing (JPL)

and
Data Archive & Distribution

(ASF DAAC)

NASA & 
ISRO 
Joint 

Science 
Team

SNWG 
Users

Science 
Data 

Products

L-SAR Data 
& Telemetry 

& GPS

Engrg 
Telemetry 

& GPS

L-SAR Radar 
Payload Operations 

(JPL)

Reference Observation Plan 
(updated every 6 mon)

Urgent Response 
Requests

Coord Obs Plan
Radar Payload

Commanding & Ka-
band Scheduling

Maneuver 
Design

Engrg 
Telemetry

ISRO Mission Operations (ISTRAC)
(Bangalore)

S-SAR Operations Support (SAC)
(Ahmedabad)

S-SAR Data Processing Archive 
(NRSC)

(Hyderabad)

Sun-synchronous frozen orbit
747±20 km altitude
6 PM mean local descending node
100 minute period
12 day repeating ground track

Science 
Data 

Products

S-SAR Data & 
Telemetry

Near Earth Network

Up to 2.9 Gb/sec; 8 passes/day
8 Tb daily average volume

S-band TT&C
Uplink 4 Kbps

Downlink 4 & 32 Kbps
Mauritius, Lucknow, 
Bangalore, and Antarctica 



NISAR Development Status

Satish Dhawan 
Space Centre

Sriharikota

SIT-4 (URSC)
Observatory I&T
Mar ‘23-Jan ‘24

L-SAR I&T (JPL)
April 2019-Jan 2021

Engineering Payload Buildup (JPL)
June 2020 – June 2021

ISITE, Bangalore

Geosynchronous 
Launch Vehicle 
(GSLV) Mark II

S-SAR I&T (SAC)

Radar Payload (with 
BDH, GPS & SSR

DTM I&T (JPL)
Dec ‘20

Satellite 
Integration & Test 

Establishment 
(ISITE)

Bangalore

Surrogate S/C with 
Engineering Payload
Elements Integrated

Surrogate 
S/C & EP

Launch Operations
(SHAR) & Launch

Jan 2024

SIT-2 & 3 (JPL)
Radar Payload I&T

Feb ‘21- Feb ’23

March ’21
Satellite 

Mainframe I&T
Mar ’21-Feb ‘22

Com
ple

ted
!

August ’21

Baseband Data 
Handler (BDH) (URSC)

Com
ple

ted
!

Com
ple

ted
!

We are Here

RIS ”Clamshell” 
Delivered to SAC for 

S-SAR Integration 
(June 2019)

Com
ple

ted
!

Com
ple

ted
!

Com
ple

ted
!

The technical data in this document is controlled under the U.S. Export Regulations. Release to foreign persons requires an EAR export 
authorization of ECCN Category 9E515.a. 
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Mission StatusSolid Earth, Ecosystems, Cryosphere
Science and Applications Mission

Flight Boom currently being integrated 
with flight model radar structure; Flight 

Reflector integration late May 2022
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NISAR ScienceSolid Earth, Ecosystems, Cryosphere
Science and Applications Mission

• Dynamics of Ice: Ice sheets, Glaciers, and Sea Level
q Will there be catastrophic collapse of the major ice sheets, including Greenland and West 

Antarctic and, if so, how rapidly will this occur? 

q What will be the resulting time patterns of sea-level rise?

q How are alpine glaciers changing in relation to climate?

• Ecosystems and Biomass Change
q How do changing climate and land use in forests, wetlands, and agricultural regions affect the 

carbon cycle and species habitats?
q What are the effects of disturbance on ecosystem functions and services?

• Solid Earth Deformation
q Which major fault systems are nearing release of stress via strong earthquakes?
q Can we predict future eruptions of volcanoes?
q What are optimal remote sensing strategies to mitigate disasters and monitor/manage water and 

hydrocarbon extraction and use?
q Where is subsidence occurring, by how much, and due to what processes?

• Coastal Processes
q What is the state of important mangroves?

q How are Indian coastlines changing? 

q What is the shallow bathymetry around India?

q What is the variation of winds in India’s coastal waters?

Disaster Monitoring:
Bobcat Fire, Pasadena

Nandabet
Is. Kutchh

Wetland Inundation, India

Color = date

Earthquake Dynamics,
Ridgecrest



Levee/Dams

Courtesy: C. Jones

NISAR Hazard Applications
Volcanoes

Landslides

Soil Moisture

Flooding
Courtesy: G. Breckenridge/S. Nghiem

Oil Spills

Hurricane
Winds

Tornado DamageVolcanic 
Eruptions

Courtesy: C. Jones
Courtesy: G. Bawden

Courtesy: S.-H. Yun

Courtesy: G. Bawden

Dixon et al, Nature 2006

Coastal 
Subsidence
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Rainfall 
uplift

Courtesy: C. Jones

Groundwater / Drought

Courtesy: UAVSAR Project

Fire
Earthquake



Challenge Benefit Through Regular SAR Monitoring of:

Climate Risks and Adaptation - Ice sheet/sea-ice dynamics; response to climate change
- Coastal erosion and shoreline migration

Global Food Security - Soil moisture and crop growth at agricultural scale
- Desertification at regional scales

Freshwater Availability
- Aquifer use/extent regionally
- Water-body extent changes
- Glaciers serving as water sources

Human Health - Moisture and vegetation as proxy for disease and infestation vectors

Disaster Management & Hazard Response

- Regional building damage and change assessment after earthquakes
- Earthen dams and levees prone to weakening
- Volcanoes, floods, fires, landslides

Urban Management and Planning - Urban growth through coherent change detection
- Building deformation and urban subsidence

Human-activity Based Climate Change - Deforestation’s influence on carbon flux
- Oil and gas reservoirs 

Societal Challenges / Applied Science
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Urgent Response Capability
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NISAR tasking & processing systems provide low latency 
downlink & processing for disaster response, including 
retasking to obtain new scenes in extreme cases (e.g., ocean 
scenes for major hurricanes)

Latency goal: 5 hours from acquisition to product delivery

Major earthquakes (7+ & USGS PAGER red/orange) will 
automatically trigger requests, others by request

• Most land scenes will already be in acquisition plan, so 
they will be tagged for immediate expedited processing 
upon downlink.

• New scenes (e.g., ocean) require retasking
• Forewarned events can be requested in advance
• Gulf of Mexico & Caribbean Sea are in standard plan
• Best case, requests received by Weds. can be 

acquired on Saturday 
EXPECT NISAR RESPONSE FOR THESE EVENTS



Earthquake
10%

Landslide
5%

Volcano
5%

Oil spill
3%

Others
2%

Fire
8%

Flood/Ocean 
wave
49%

Ice/Snow hazard
1%

Storm/Hurricane
17%

Hazard-relevant Information from SAR

October 15, 2020 – Statistics of 680 International Disasters Charter Activations to date

Ocean winds
Wind damage

Flood extent
Damage mapping

Displacement 
Damage mapping

Burn area extent

Slick location/extent



NISAR Science & Information Products

Radar 
Reformatted 

Raw Data
Time Varying 

Parameter 
Files

Level 0 Level 2
Level 3-4 

(For Cal/Val sites Only)Level 1

Woody biomass for 
regions < 100 t/ha 

Vegetation disturbance 
product

Instrument

Ecosystems
Solid Earth def.

Dynamics of ice
Hydrology

Products

Calibrated Single Look 
Complex Images in 
Radar Coordinates
(multiple modes)

Wetlands inundation area

Ancillary Data 
(Meteo, DEM, etc.)

SLC & Multi-looked 
& Geocoded 

polarimetric images
Crop area

Vegetation structure*

*experimental

Sea ice velocity

Ground deformation/rates

Ice sheet/glacier velocity
and velocity change

Change proxy

Multi-looked & 
Geocoded 

Interferograms and 
Images

Level 0, Level 1, Level 2, Level 3-4 
Validation, Browse Products, and Catalog 
delivered to DAAC

VP

VP

VP

VP

VP

VP

VP

VP

Regional / Global Level 3-4 
(from NISAR Project)

Global Soil Moisture -200 m 
product

Sahara Soil Moisture -400 m 
product

Regional / Global Level 3-4 
(External, OPERA)

North America deformation
product

Global surface water extent 
product

Global disturbance product 
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NISAR-Like Data from L-band UAVSAR Instrument
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Full Resolution 
UAVSAR

Simulated 40 MHz = 6-m resolution

3-m resolution

https://uavsar.jpl.nasa.gov/cgi-bin/data.pl
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NISAR-Like UAVSAR DataSolid Earth, Ecosystems, Cryosphere
Science and Applications Mission



California Central Valley 
Groundwater extraction, subsidence impact to the California Aqueduct



At L-band, there is little difference between 20 MHz and 40 MHz for this deep subsidence bowl.

Used 4 connections in the interferogram network (temporal baseline varied) 



Bobcat Fire (pre) 
vs. 
Station Fire (post)

Southern California

A. Original UAVSAR HV Image

Green/Blue areas show more 
volume scattering from 
vegetation – relates to fuel load

Orange/red (low HV) follow 
earlier fire’s burn area outline 

B. NISAR-Like HV Image

Qualitatively the same 

Paper in prep: An, K., Jones, C. E., & Lou, Y 
(2022). Developing a detection and 
monitoring framework for wildfire regimes 
with L-Band Polarimetric SAR.

UAVSAR NISAR-sim

PRE-VS-POST 
FIRE FUEL 

LOAD
POST
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Rapid Damage Assessment 
After Natural Disasters 

Within hours to days of natural disasters like major earthquakes, hurricanes, tsunamis, and 
landslides, the NISAR satellite mission can provide maps of the damage that occurred.  
Observations will be uninterrupted by weather and rapidly provide information for rescue 
operations, economic loss estimates, and the health of critical infrastructure. 

Earthquake Damage: 3 Days vs 8 Months 
Powerful ground shaking from a magnitude 7 earthquake  
devastated Christchurch, the largest city in the South Island of 
New Zealand, on February 22, 2011. The earthquake claimed 
185 lives and caused extensive property damage. The left 
panel shows a damage proxy map derived from radar data 
acquired three days after the earthquake by the Japanese  
ALOS satellite. Four months after the earthquake, the New 
Zealand government released the first version of damage zone 

map (middle panel) based on ground observations by 
hundreds of geotechnical engineers. Eight months after the 
earthquake, an updated version of the government damage 
map was released (right panel).  This manually produced map 
was in even closer agreement to the automatically generated 
damage proxy map from satellite radar data acquired only 
three days after the earthquake.  
 

The NISAR Mission – Reliable, Consistent Observations  
The NASA–ISRO Synthetic Aperture Radar (NISAR) mission, a collaboration between the 

National Aeronautics and Space Administration (NASA) and the Indian Space Research 

Organization (ISRO), will provide all-weather, day/night imaging of nearly the entire land 

and ice masses of the Earth repeated 4-6 times per month. NISAR’s orbiting radars will 

image at resolutions of 5-10 meters to identify and track subtle movement of the Earth’s 

land and its sea ice, and even provide information about what is happening below the 

surface. Its repeated set of high resolution images can inform resource management and 

be used to detect small-scale changes before they are visible to the eye. Products are 

expected to be available 1-2 days after observation, and within hours in response to 

disasters, providing actionable, timely data for many applications. 

http://nisar.jpl.nasa.gov/applications

NISAR Applications White Papers



• NISAR will have

• Consistent global L-band imaging

• Polarimetric, interferometric modes

• Dual frequency L and S-band primarily over India

• Global L0-L2 product suite of interferometric and 
polarimetric products, free and open

• NISAR mission addresses key questions in solid Earth, 
ecosystems, cryospheric, and hydrological sciences

• Same data is used for many applications (resource 
management, risk reduction, situational awareness)

• Disaster response and support for applications are a priority

• NISAR-like data are available to evaluate NISAR’s capabilities 
for different applications.

Summary

http://nisar.jpl.nasa.gov
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http://nisar.jpl.nasa.gov/

