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Overview

• Forestry in a Global Perspective

• Developing Dedicated Missions & Synergistic Approaches

• Combining Science and Applications

• NISAR and Ecosystem Science

• Global Biomass Mapping and Monitoring
• Validation/Verification and the Role of Forestry Community
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7/23/212
aboveground live biomass carbon stocks & changes

Pan et al. 2011

• Forest Inventory data are not systematic and synchronous globally 
• Forest definition and carbon reporting varies at national scales (trees 

outside forest definition are ignored)
• Emissions are not calculated systematically everywhere
• Removals do not include dynamics of land use change (secondary 

forests in tropics)

Comparison of the global net anthropogenic land-related CO2
fluxes estimated by AR5 and countries’ GHGIs.

Grassi et al. 2018
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Applications of Remote Sensing in Forest Ecosystems
Biomass Inventory, Disturbance and Recovery Measurements  

Inventory

Disturbance

Deforestation

Recovery

Logging

NISAR Applications 
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ΔC = ΔA∑ ⋅B ⋅Edef  + A∑ ⋅ΔB ⋅Edeg +  A∑ ⋅ΔB ⋅Rreg

where A is the area of forest type, with biomass B,  emission efficiency factor E, and 
removal efficiency R

Carbon Emissions and Removals from 
Deforestation, Degradation, Regeneration 

deforestation degradation Regeneration
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Expected Biomass Change 
Recovery from Disturbance

Carbon Sink
Carbon Source

Carbon Sink

time

Mature forest is a mosaic.

Carbon disturbance 
recovery dynamics are 
non-linear as the all-aged 
successional patches 
become desynchronized 
to produce the mixed-
aged mature-forest 
mosaic.

Successional patches 
recovering from disturbance

Shugart, 2011
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State of Carbon and Inventory
of Global Forests
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“Bowman et al. 2017: CMS-Flux, courtesy  Eastham 
(MIT)”History or Evolution of SIF Measurement

Koehler et al (TROPOMI)

BIOMASS

GEDI Data 2019-2020

NISAR

BIOMASS

New Observations of Carbon Stocks and Dynamics

2018

2018

2023
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Synergistic Forest Observations

GEDI MeasurementsBIOMASS & NISAR Measurements Ground Measurements

Post-2020 Space & Ground Observations 
of Forest Biomass
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NISAR Applications Workshop – SAR Tutorial, 10/13/15   - 9

GEDI Lidar Observations
+/- 50 degrees Latitudes 



SERVIR, Hunstville, Feb. 2017

NASA-ISRO SAR (NISAR)
Calibration and 

Validation
Community Town Hall

Artist’s Concept

NISAR Ecosystems
Science Definition Team

NISAR Observation of Forests
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An Earth Explorer to observe forest biomass
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NISAR Ecosystem Activities

This document does not contain export-restricted data.



SERVIR, Hunstville, Feb. 2017

NASA-ISRO SAR (NISAR)
Calibration and 

Validation
Community Town Hall

Artist’s Concept

NISAR Ecosystems
Science Definition Team

POST 2020 OBSERVATIONAL
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NISAR Concept Observatory & Work Share

ISRO

NASA

GSLV Mark-II

On-Orbit Configuration
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• Swath > 240 km
• 747 km altitude, circular, 98 deg. 

inclination, sun-sync (6AM-6PM)
• Pointing control < 273 arcsec
• Orbit control < 500 m
• > 30% observation duty cycle
• Left/Right pointing capability

• Surface deformation, disruption
• Hazards response, water resources

• Ice velocity
• Response to climate change & sea 

level rise

• Biomass, disturbance, agriculture
• Response to climate change & CO2
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Pass 2Pass 1

Repeat Pass InSAR

L- and S-band Wavelength

L- longer           S- shorter
24 cm              10 cm

Oriented            Random
Structures          Volumes

Polarimetry

• Measurement accuracy
• Time-series-enabled science

• 12-day exact repeat orbit
• 5-10 m resolution
• Global coverage
• 3 years of observations

NISAR Science:
Measuring the Earth in Motion

Artist’s Concept

*Mission Concept – Pre-decisional – for Planning and 
Discussion Purposes  Only
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Examples
Proposed NISAR Science and Applications Products

Deformation
Cryosphere 

DWH rig site
Christchurch 
Cathedral

Hazard Response/Applications

Earthquakes

Volcanoes

Landslides

Subsidence

Sea Ice

Glacier Velocities

Earthquake 
Damage

Oil Spills

Hurricane
Winds

Tornado 
Damage

Ecosystems

Volcanic 
EruptionsEarthquakes

Situational 
Awareness

HH, HV, VVNISAR would capture these and other phenomena with 
unprecedented coverage and accuracy
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Proposed NISAR
Level-1 Science Requirements in Plain English

For a minimum of 3 years:

a) Measure ground movements in areas of expected solid earth deformation every 
12 days from two directions to understand the processes causing earthquakes, 
volcanic eruptions, landslides, aquifer and reservoir variations , etc.

b) Measure flow of Earth’s ice sheets and glaciers every 12 days from two directions 
to understand their interaction with global climate

c) Measure sea ice movements in both the Arctic and Antarctic to understand their 
interaction with global climate

d) Measure the dynamics of global woody aboveground biomass

e) Measure the dynamics of major wetlands and agricultural systems

f) In the event of a major natural or anthropogenic disaster anywhere in the world, 
task observations and downlinks rapidly on a best efforts basis
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Mode-Specific Science Targets in Observation Plan 
(Pre-2016)

• 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

Background Land satisfies most Solid Earth 
and Ecosystems objectives 

Planned Acquisitions

Background Land
Land Ice
Sea Ice
Urban (small targets)
US Agriculture
Himalayas
India Agriculture
India Coastal Ocean
Sea Ice Type

Siqueira – NISAR Ecosystems Lead 2017 ISSI Biomass, Bern –
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NISAR Systematic Observations

Repeated 
every 12 day 
cycle for the life 
of the mission

Planned 
launch: 2021 

C. Ballard, JPL

No target conflicts: 
overlapping targets 
uses union of all 
modes specified 

Persistent updated measurements of Earth

Colors indicate 
different radar modes

Note: conceptual plan – does not reflect current detailed plan
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Individual Activity & Timeline
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Action Taken: Socialize NISAR’s Capabilities & Value
NISAR APPLICATIONS WHITE PAPERS
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ECOSYSTEMS:
Food Security
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Applications Webpage

• 21 white papers
• Available online
• Distributed in 

hardcopy to
• Policy makers
• Fed & state 

agencies
• …
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Level 2 Urgent Response Requirements

LOB data: Raw data with some ancillary information
Sub-optimal for the vast majority of end users

Project is considering developing an automated processing stream through 
L2 for urgent response 
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Science Team: Urgent Response Plan

Status: DRAFT 1 Complete & Reviewed by DPAs, Project; HQ
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NISAR Ecosystem Science

• Biomass • Inundation
• Disturbance • Agriculture

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

L-band Observation of Croplands
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NISAR Ecosystem Requirements

NISAR ecosystems has four Level 2 science requirements
• Biomass

• Annually map aboveground woody vegetation biomass at the hectare scale. 
Accuracy shall be within 20 Mg/ha for 80% of areas of biomass less than 
100 Mg/ha.

• Disturbance
• Map global areas of vegetation disturbance at 1 ha resolution annually for 

areas losing at least 50% canopy cover with a classification accuracy of 80%

• Agriculture
• Map crop area  at 1 ha resolution every 3 months with a classification 

accuracy of 80%.

• Inundation
• Map inundation extent within inland and coastal wetlands areas at a 

resolution of 1 hectare every 12 days with a classification accuracy of 80%. 

• Soil Moisture/Freeze-thaw
• Map surface soil moisture every 12 days and monitor the soil/vegetation 

freeze/thaw cycles
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NISAR HH, HV terrain-
corrected time-series

Subset data by
season

Perform 
cumulative sum 

analysis

Apply threshold 
and post-

processing

Disturbance map
+ additional products

Biomass map
+ additional products

Inundation map
+ additional products

Crop Area map
+ additional products

Identify ecoregion 
and set of calibration 

coefficients

Iterate over time-
series to refine 

estimation

Map regions of 
consistent 

inundation and 
open water

Map inundated and 
open water changes 

for each epoch

Calculate temporal  
coefficient of 

variation

Apply model or 
Bayesian estimation 

to (𝜎!!" , 𝜎!#" )

Calibrate images to 
temporal mean

Select polarization 
and apply 
threshold

Run voting 
classifier to 

generate final map

NISAR Ecosystems
Algorithm Overview

NISAR This document does 
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Regions with
AGB < 100 Mg/ha

50% of area

Regions with
AGB > 100 Mg/ha

50% of area

Regions with
AGB <  20 Mg/ha

50% of area

Regions with
No woody 
vegetation

Open 
Water

The global distribution of regions dominated by with woody biomass < 100 Mg/ha 

NISAR Biomass L2 Requirement
NISAR will 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.
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Measuring biomass from space with radar needs 
the longest possible wavelength

Mapping forest biomass needs
a radar sensor that 

1. penetrates the canopy in all 
forest biomes 

2. interacts with woody vegetation 
elements

3. allows forest height to be 
estimated with a single satellite 
(affordability)
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SAR MEASUREMENTS 

Phenomenology of SAR Measurements of Vegetation

Impact of vegetation and soil
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Scattering Phenomenology

NISAR Applications 
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Dielectric Constant of Vegetation

Loss 
factor

Stored 
Energy/disp

ersion
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SAR Interaction with Structure of Vegetation

NISAR Applications 

(H,V)

(H,V)

Backscatter Measurements:

€ 

σ (H ,V ) =σ crown +σ stem +σ ground

€ 

σ

€ 

σ (H ,V ) = f (vol,Wd ,Ω)
vol :  forest volume (size)
Wd :  wood density (dielectric constant)
Ω :  shape and orientation of components

Measurement Variables: Frequency, Angle, Polarization
high spatial resolution, seasonal to annual revisit time, all time capability

HV

HH

VV
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SAR Sensitivity to Aboveground Biomass (AGB)

P-band (~ 70 cm) L-band (~ 25 cm)
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Radar Backscatter Images at HH, HV, and VV 
polarizations over boreal forests  
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C-band L-band P-band

NISAR Applications 
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L-band Radar Sensitivity to Biomass

Rosen, This document does 

Global Biomass Product must be derived from Fusion Approach
For low biomass density (100 Mg/ha) radar sensitivity is high but impacted by structure & environment
For high biomass density ( >100 Mg/ha) data fusion with GEDI and/or BIOMASS required

High Priority Fusion Region
Lower to no  sensitivity of radar
Domain of data fusion and synergism 
with GEDI and BIOMASS

Biomass < 100 Mg/ha 
Low Priority Fusion Region
Higher sensitivity of radar
Domain of NISAR Performance
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2003 Burn Recovery after 1988 Burn Pine Beetle Disease

NISAR would provide annual vegetation disturbance and deforestation maps globally at spatial scale of ~1 ha

Recovery Phase

Disturbance Event 

NISAR  would quantify fluxes in 
terrestrial sources and sinks of 
carbon resulting from disturbance

Radar backsatter 
characteristics of 
post-disturbance 
recovery.

S. Saatchi et al., 2007
Yellowstone

AIR-SAR L-Band

Cross-pol measurement is key to 
detecting structural differences in 
vegetation, driving requirement for 
multi-pol baseline and cross-pol 
threshold radar capability.  

Global Monitoring of 
Vegetation Disturbance and Recovery 

L-HH ALOS PALSAR 
21° Incidence

L-HH ALOS PALSAR FBD 
34° Incidence

L-HV ALOS PALSAR 
21° Incidence

L-HV ALOS PALSAR FBD 
34° Incidence

NISAR  would provide 
acquisitions with both 
polarization and incident 
angle variations; both 
critical for effective 
disturbance monitoring.
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What Impacts Radar Observation of Forests

Vertical Structure Horizonthal Structure         Canopy/Soil Moisture Landscape
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Global Distribution of Biomes

41
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NISAR Biomass 
Number of Global Models

This document contains export-restricted data.

Yu and Saatchi, 2016

Observing System Simulation 
Experiment (OSSE) Results:

A total of 15 ecoregion specific 
backscatter models are required for 

NISAR biomass products

NISAR 
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Ecosystems
Level 3 Biomass Algorithm

• Level 3 validated algorithm starts with Level 2 NISAR 
data products, georeferenced, ground-range, terrain-
corrected NISAR imagery of HH, and HV polarizations

• Initialization will be based on existing biomass maps & 
typical range of soil moisture & roughness 

• Global Land cover map will be used in setting the 
algorithm parameters

Rosen, This document does 

Calibration & 
Validation data will 
allow adjusting the 
algorithm parameters 
during the post-launch 
commissioning phase 
of mission before 
official data acquisition

TBD

σ = aW α (1− e−βW )+ cΓW γe−βW + Se−βW
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NISAR Biomass 
Algorithm Implementation

This document contains export-restricted data.

67.0%  within 20 Mg/ha.
45.4%  within 10 Mg/ha.

74% within ±20 Mg/ha.
46% within ±10 Mg/ha.

82% within ±20 Mg/ha.
51% within ±10 Mg/ha.

5 scenes summer 10 scenes spring & summer 14 scenes spring, summer & fall

Winter scenes with snow 
cover require model 
improvement

530 lidar derived biomass 
used in model validation

NISAR 

RM
SE

( M
g/

ha
)

R2
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L-band Radar predicted Biomass Map
BOREAS Study Area
(Ranson et al. 1995)
(Saatchi & Moghaddam, 2000)

Landsat Based Vegetation Map

100 m pixels

1 
km

 

Biomass Estimation from SAR Polarimetry

Possible areas of larger errors

Possible areas of extended range

Pixel size: 100 m (> 200 looks) 
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CONUS Carbon Stock and Uncertainty

California

S

CONUS

Large Scale Annual Forest Biomass Mapping
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Validation of biomass product with ground and lidar
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Large Scale Biomass Mapping

NISAR Applications Workshop – SAR Tutorial, 10/13/15   - 48

𝜎! = 𝐴𝑥" 1 − 𝑒#$% + 𝐶𝑥&𝑒#$% + 𝐷

Bouvet et al. In Press 2017
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NISAR Biomass CAL/VAL Approach
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Validation Methods, Resources, Data Availability

• Validation process must provide unambiguous achievement of science 
requirements for L2 products

• Uncertainty assessment must follow accepted approaches, based on direct 
comparison with independent correlative measurements, and presented in 
normally used metrics in order to facilitate acceptance and implementation.

• NISAR will use range of methodologies for Validation :
• In situ networks of large biomass plots
• Airborne based biomass products using Lidar

• National Forest Inventory plots (NFI) for regional uncertainty assessments
• Comparison with other satellite products for regional comparisons (GEDI, 

BIOMASS) 5
0

Validation: The process of assessing the relationship or the quality of data products derived from a 
measuring instrument by independent means and reporting the uncertainty: Uncertainty Assessment of 
Products



51

Post-launch CAL/VAL Activities

• Calibration of algorithm using NISAR data
• Perform algorithm adjustments using selected sites within 

first 180 days of the mission

• Validation of algorithm and data products
• Perform validation of algorithm over the  sites with high 

quality plots and lidar data
• Support acquisition of airborne lidar (including ground plots if 

required) for validation sites (
• Perform statistical regional comparison using updated NFI 

data from different countries
• Perform regional comparisons with other satellite products 

for consistency of patterns and products (GEDI and 
BIOMASS) 5

1



52

Ecosystem Cal/Val sites à S-band coverage

• Location of Cal/Val sites (biomass, wetlands, agriculture)

May 21-

NISAR Science pre-CDR Review

Sites to be imaged at S-band to be studied with ISRO in Phase D
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7/23/2153

Supersites for Biomass Map Validation

NISAR-GEDI Data Fusion

100 m x 100 m pixels
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NISAR/GEDI Data Fusion
Simulations from GLAS Lidar and ALOS/PALSAR
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NISAR Ecosystems
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Summary

• Monitoring forest carbon stocks and changes
• Monitoring changes of forest cover from disturbance (fire, 

hurricane, insects, droughts)
• Monitoring recovery of forest after disturbance or timber 

logging 
• Monitoring forest health and productivity by providing 

habitat structure 

NISAR will provide the first forestry dedicated 
global observations for: 


