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@ @4‘% 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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aboveground live biomass carbon stocks & changes

Comparison of the global net anthropogenic land-related CO2
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* 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)

fluxes estimated by AR5 and countries’ GHGls.
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94 Grassi et al. 2018

IPCC assessment reports
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Applications of Remote Sensing in Forest Ecosystems
Biomass Inventory, Disturbance and Recovery Measurements

[ o4 AR W YT T od
5 e 2o 4 WW

g = S8 %

g;’\* - e
d y : ; J v e s SR
N ol By o ~ _Deforestati
lnventory © A0 dlas
7 o5 P 7 \ 3 :
ST T e
e, ﬁ;‘ ' : = : »ﬁffg,‘..;}l,

Disturbance

-

I

- = o=
- '/‘A — — = -
— _—



Carbon Emissions and Removals from
Deforestation, Degradation, Regeneration

AC=EAA.EM + EA-.Edngr EA.RWg
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Expected Biomass Change
Recovery from Disturbance

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

]

Shugart, 2011

Mature forest is a mosaic

Successional patches
recovering from disturbance
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State of Carbon and Inventory
of Global Forests
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7/23/21
3@4?3?3 New Observations of Carbon Stocks and Dynamics

2023 GEDI

BIOMASS
| ICESat-2

2019

SIF@683nm/@740nm [mW/ m%/sr/nm]

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
| | | |

NH
SH T

“Bowman et al. 2017: CMS-Flux, courtesy Eastham
(MIT)”

History or Evolution of SIF Measurement
Koehler et al (TROPOMI)

RH100 from Mission Week 019 to 053

20
Height Above Ground (m)

BIOMASS
GEDI Data 2019-2020 .

le{ﬁ
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@ @43— Synergistic Forest Observations

Post-2020 Space & Ground Observations

of Forest Biomass

BIOMASS & NISAR Measurements GEDI Measurements
Polari;n;;;? SAR PolinSAR r

Measurements

Radar Beam
Laser Beam

‘ Lidar Waveform

Signal Start

Tree
Height

Phase Centre wu (m) '
S

| Ground
Peak

Ground Measurements




International Space Station

GEDI Lidar Observations
+/- 50 degrees Latltudes
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biomass

An Earth Explorer to observe forest biomass



‘@/ au43—a NISAR Ecosystem Activities

Synergistic Forest Observations

* NISAR: Global Coverage, sensitivity to AGB < 100 Mg/ha
* BIOMASS: Tropical and East Eurasia Coverage, Sensitivity to AGB > 50 Mg/ha
* GEDI:Sampling between 50 deg North and South, Sensitivity to AGB > 20 Mg/ha
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Where we’ll be in 5 year’s time

Forest structure &
lower level biomass

Forest biomass & height
BIOMASS
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%4143'—': NISAR Concept Observatory & Work Share

On-Orbit Configuration

Deployed Radar Antenna Reflector
(~12m diameter)
GPS Antenna

Deployed Radar
Antenna Boom

(~9m length) L-band SAR

Electronics

Deployed Solar Array
Feed RF Aperture
(L-and S-band)

S-band SAR
Electronics

Radar Instrument
Spacecraft Bus (I3K) Structure

GSLV Mark-Il




“A-- NISAR Science:
@ o |i7a Measuring the Earth in Motion

« Biomass, disturbance, agriculture
+ Response to climate change & CO, L- and S-band Wavelength

* Measurement accuracy

Forest Aboveground Biomass

@ g \\\\\\\ \\:\\ * Time-series-enabled science
g s v m N A \Q\\\\\\ \l/
T L Fs z S .
> l*‘T : lz-da '
T S . . y exact repeat orbit
g - A% y + 5-10 m resolution
w [1>300 L- longer S- shorter * Global coverage
24 cm 10cm * 3 years of observations
« Ice velocity
+ Response to climate change & sea .
level rise Polarimetr

* 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

i
Oriented Random
Structures Volumes

« Surface deformation, disruption Repeat Pass INSAR
« Hazards response, water resources

o Pass 1 ~ Pass2
i, m

)

Solid Earth

NASA- ISRO SAR Mission

*Mission Concept — Pre-decisional — for Planning and
Discussion Purposes Only



. Examples
=7a Proposed NISAR Science and Applications Products

Forest Aboveground Biomass
_ Yellowstone National Park Ecosystems
R e i o T Biomass Mg/ha

Mo
%, [ 25-50

@ . [ 50-75
[ ]75-100
[ ]100-150
[} 150-200
[l 200-250
[ 250-300

[]>300

24°20

' Earthquakes ]

120°30

NISAR would capture these and other phenomen

unprecedented coverage and accuracy
T e

* SIBERIA g

@l Christchurch
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@x 4 Proposed NISAR
sadl|isFa 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 le‘{ﬁ



@/ 4 Mode-Specific Science Targets in Observation Plan
A N (Pre-2016)

Background Land
| _ Background Land satisfies most Solid Earth

Sealce and Ecosystems objectives : i

| Urban (small targets) “ -

US Agriculture
Himalayas

India Agriculture « Each colored region represents a single radar mode chosen to
India Coastal Ocean satisfy multiple science objectives over that area

Sea Ice Type - Avoids mode contention that would interrupt time series NISA/%’

NASA - ISRO SAR Mission \__~

2017 ISSI Biomass, Bern — 18

Siqueira — NISAR Ecosystems Lead



NISAR Systematic Observations

every 12 day
cycle for the life
= | of the mission

1 Planned
launch: 2021

No target confllcts
overtappmg targets

uses union of all
~ modes specified

Colorsmdlcate : )
nt radar modes

Note conceptual pIan does not reflect current detalled plan
C. Ballard, JPL

. o s
Persistent updated measurements of Earth NISA/I%

NASA - ISRO SAR Mission S~



Individual Activity & Timeline

NISAR Project Life Cycle (NASA)

.~ PhaseA Phase D |
Launch
v v v v \ AR
KDP-A KDP-B KDP-C KDP-D KDP-E *
Mar. 19, Feb.12,2015 Aug. 2016 Dec. 2019 Dec. 2021
2014 -
< First J5G < || second JsG < <o - \
SRR/MDR Jul.2015 PpDR ' Aug. 2016 CDR SIR ggg; gCtt- 22%22 11 '
Dec.9-11,2014 June. 2016 Oct. 2018 Dec. 2019 e

MRR: Nov. 2021

S-SAR & L-SAR 6 5 )
Interface Verification Test S-SAR DeIlvgry to JPL
Dec. 2016 Jun. 2019

NISAR Instrument (L- and S-SAR)
Delivery to ISAC
Feb. 2021

NIS/{\)I;’
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Action Taken: Socialize NISAR’s Capabilities & Value
NISAR APPLICATIONS WHITE PAPERS

HAZARDS

ECOSYSTEMS

CRITICAL MARITIME
INFRASTRUCTURE

UNDERGROUND RESERVOIRS

KDP-B DPMC 2-21



NISAR: The NASA-ISRO SAR Mission

National Aeronautics and
Space Administration

Preparing Markets for
Bountiful Harvests

NISAR will provide maps of developing crop area on a global basis every
two weeks. Observations will be uninterrupted by weather and provide
up-to-date information on the large-scale trends that affect international

food security.

Modern Remote Sensing Technology and Farming ﬁ

In recent years, with the rise of silicon, modern technology has
permeated all levels of society. Through GPS, automation and

space technology, the discipline of agricultural production has

been no exception, and indeed has historically always been an

early adopter of new technology.

Food security and the accomplishments of agribusiness are
founded on the continuity of a global food supply that fluctuates
with changing national policies, regional climate variability and
market forces that govern what individual farmers and corporate
farming entities plant and harvest every year. In challenging
environments such as this, information leads to efficiency,
stability and success.

Crop Area Monitoring

To feed a growing population of more than 8 billion, food
production and supply occur on a global basis. In order to
better guide policy and decision making, national and
international organizations work to transparently monitor

Photos (clockwise): Flickr, CC BY-NC 2.0: Kimberly Renhart, Jason & Kris Carter, fshhawk, Erkc Baker

trends and conditions of agriculture in a timely basis.
Because of the variable nature of planting and harvesting
practices, efforts such as this are manpower intensive and
time consuming tasks.

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.
NISAR will also provide information on crop area and forest biomass over time
and with enough detail to reveal changes on field scales. 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.

©2017 California Institute of Technology. Government sponsorship acknowledged.

ECOSYSTEMS:
Food Security

Continued from front page

Among the organizations that track the trends in
agricultural production on a global basis is the United
Nations Food and Agriculture Organization (FAO).
According to FAO’s 2015 statistics, over eleven percent of
the Earth’s land surface (1.5 billion hectares) is used for
farming. With an increasing population, after taking into
account impr in land use effici ,
the amount of land dedicated to food production is
expected to grow 7% by 2030 to keep up with demand.
This increase is equivalent to an additional 90 million
hectares, roughly the size of Texas and Oklahoma
combined.

With the world’s population critically dependent on the
timely production of food and fresh water resources, the
need is greater now than ever before for the application
of technology to assure that population needs are met.
Among the technical tools that are used to address these
issues are the satellites that provide synoptic views of the
globe from space. Satellite sensors are routinely used to
guide decision-makers and commercial interests alike in

Radar Imaging of Crops

Observations of the Earth’s land surfaces from space using radar
allows reliable and repeated measurements to be made throughout
the growing season. The structures of different crop and land cover
types provide a rich variety of responses to the radar ilumination in
terms of varying polarization and frequency signatures. Because of
the rapid, time-varying nature of crop rotation, growth, and
harvest, frequently repeated radar observations can be used to
determine both the type of crop and its stage of growth.
Information like this is used to predict the heaith of the region’s
crops and the planned agricultural output.

Shown at right are data collected by SIR-C, a NASA mission launched
on board the space shuttle in 1994. Data from areas such as the
Dnieper River region of Ukraine were collected at study sites
distributed throughout the globe and have been used by NISAR
mission planners and other space agencies worldwide to
understand how radar data can be used to improve our knowledge
of the world around us. Modern day synthetic aperture radars
(SAR), such as the Canadian Space Agency’s Radarsat and the
European Commission’s Sentinel satellite series, have benefited
from the SIR-C mission and are being actively used today.

National Aeronautics and Space Administration

For more

scheduling future plantings and monitoring the effects of
policy changes and a dynamic global marketplace.
The upcoming NISAR mission will provide dependable
observations throughout the growing season. The use of
actively generated microwave signals (L- and S-band, or
equivalently, 24 cm and 10 cm wavelength) on board the
satellite, means that the observations will be able to be
reliably planned, collected and distributed at time scales
that are commensurate with the satellite’s 12-day repeat
cycle of the full set of orbits, which images each
agricultural site at least once every 6 days. Radar images
from satellites such as NISAR are known for their ability to
penetrate through clouds and their day/night imaging
which is a major li of optical sensors for
agriculture applications. Radar imagery will provide near-
weekly observations of almost all land areas that
complement the optical data and provide independent
information that is sensitive to the changing structure and
moisture conditions of the crops being imaged. In
addition, NISAR’s data products will be available open
access.

Two-frequency radar image of the Dnieper River growing region
collected in 1994 by NASA's Shuttle Imaging Radar program. In
this false color image, developing wheat fields show up as bright
magenta and forests as the bright white patches that follow the
river's border

visit http://nisar.jpl.nasa

Jet Propulsion Laboratory / California Institute of Technology / Pasadena, California / www.jpl.nasa.gov

©2017 California Institute of Technology. Government sponsorship acknowledged.

NISA
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Applications Webpage

Application Area Events/Workshops

Hazards

« Sinkholes and Cavern Collapse (PDF, 2.01 MB) Placeholder Workshop (Mmmm dd-dd, yyyy):
« Volcanic Hazards (PDF, 1.62 MB) « Link to Agenda

« Landslides (PDF, 1.25 MB) « Link to Final Report

Floods (PDF, 2.98 MB)
« Induced Seismicity (PDF, 1.76 MB)

« Hazards in Texas (PDF, 5.1 MB) ° 2 1 Wh ite pa pe rs
Maritime Hazards and Coastal Waters ° AV | | I n I | n
« Coastal Land Loss (PDF, 2.56 MB) Sea ice Applications and Science Workshop (June 23, 2017): alla b eo €
« Qil Spills (PDF, 3.48 MB) « Link to Agenda ° 1 1 1
« Ice Sheets, Glaciers, and Oceans (PDF, 1.19 MB) « Link to Final Report (PDF, 5.01 MB) D I St rl b Uted In
« Marine Hazards (PDF, 1.44 MB)
« Sea Ice (PDF, 2.21 MB) h da rd coO py tO

* Policy makers
Ecosystem
« Fire Management (PDF, 1.78 MB) Vegetation Biomass Workshop (May 31-Jun 3, 2016): ® Fed & St ate
« Food Security (PDF, 1.01 MB) « Link to Agenda
« Forest Resources (PDF, 2.02 MB) « Link to Final Report (PDF, 6.95 MB) a ge ncies
« Timber and Forest Disturbance (PDF, 2.7 MB)
« Flood Forecasting (PDF, 3.52 MB) °

« Hazards in Florida (PDF, 3.53 MB)

Underground Reservoirs
« Drought and Groundwater Withdrawal (PDF, 3.06 MB) Placeholder Workshop (Mmmm dd-dd, yyyy):
« Oil, Gas, and Water Underground Reservoirs (PDF, 2.09 MB) « Link to Agenda

« Link to Final Report

Critical Infrastructure
« Levees and Dams (PDF, 1.92 MB) Critical Infrastructure Workshop (June 6-7, 2017):
« Subsidence (PDF, 2.58 MB) « Link to Agenda

« Linkto Final Report (PDF, 1.78 MB)

NIS/{\)I;’

NASA- ISRO SAR Mission S~
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@ @43'? Level 2 Urgent Response Requirements

L 2-PRS-578 3.5 Urgent Response Operations
L2- | Urgent Response For major natural or anthropogenic disasters response, the NISAR
PRS | Latency project shall have the capability to reschedule the Observatory's
-510 planned observations within 24 (TBR) hours of event notification to
mission team.

Note: The 24 hours (TBR) refers to the scheduling process for file
uplink + radiation of new observation instructions to the spacecraft
and not to the data acquisition window.

L2- | Urgent Response Data | For major natural or anthropogenic disasterse, the NISAR

PRS | Delivery Latency project shall have the capability to deliver th ata products of
-511 the "rescheduled” disaster observation to users within 5 (TBR) hours
of data acquisition.

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 lef\@

NASA - ISRO SAR Mission

24



@@4?@ Science Team: Urgent Response Plan

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

Contents
1  OVERVIEW OF THE URGENT RESPONSE PLAN .......ccccciiiiinnnnnninninsssssesssesssesseies 1-1
1:1 NISAR Level 1 Urgent Response Requirement ........ceecvueeiieeiiiiisiicecsiecsinessnnnens 1-1

1.2 NISAR Level 2 Urgent Response Requirements.........ccucuenienniniicnccsiecsesiennnenns 1-2
153 Roles & Responsibilities for Urgent Response

P/
/ «
PRE-LAUNCH URGENT RESPONSE PLANNING .....ccciiiiiiitniiii s
2.1 NISAR Mission and Instrument Constraints ..........ccueciieneniennesiecsecisesesiesneens
2.2 Event Type and Mode:Selection Criteria;...::iiiniaiiaiiniaiisaiinniais

o

NASA - ISRO SAR Mission v 23 Schedule for Pre-Launch ACHVItIEs ......ccccrierimiiiiiiiisiisisinissee s sscesessssesssessenne
3 URGENT RESPONSE INITIATION AND NOTIFICATION ....ccccccoimiiniininiisisnnicsene,
3.1 Apprehended DISaSter. . .. it i it tiiniin s s s i S S ivisaat
32 Forewarned DISaSter ... . . icliiciiiusnsssainmsonssnsnssinvssssssiaomn shosassduinissonsuadastasassnisssssssass
33 Catastrophic Event with Automated ReSpPOnse.........ccevieeiiieiiiiniiiicsiiecseesssieens
34 Catastrophic Event with Manual RESPONSE .........cceieiieeinnisniesicsse e
35 ISROUrgent Response Events i s s inniiiis
Urgent Response Plan 4  NISAR MISSION URGENT RESPONSE ..coooeesoumssssessssisimmssssssssasissssssssosssisssiossis
Draft — 28 June 2017 4.1 The Project’s Urgent Response Protocol ...
4.1:1.  Coordination With ISRO.:...... i et b il
4.1.2 Urgent Response Protocol Testing.....ccccccoviiiiiiiiiiiiiinininiiiiiicc e
42 Urgent Response Acquisition Modes........cccuveiniiiiinicciicninnennessie s ssesseennes
4.3 Urgent Response Data and Information Products........cccceceiiiiiiiiininiciicieninnnnns
4.4 Urgent ResponseTmelne S s i s iraas v sdsotssusnborissssasarassss
5 POST-EVENT ACTIVITIES......ccccceensnsunssnssiscsssnsssssassasssssssssassassassassssssassasssssassassssasassasss
6 APPENDIICES iuuissi s asesaissssss s s st asss oo sens e s s i s s s cose b oa s e as s ua e asisasnssseg

6.1 ACRONYMS [update when plan is in near-final draft]
*Jet Propulsion Laboratory, California Institute of Technology

Use or disclosure of information contained on this sheet is subject to the restriction on the Cover Page of this proposal.

NISAR)

NASA - ISRO SAR Mission __~
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@ @43-,7, NISAR Ecosystem Science

* Biomass * Inundation
» Disturbance < Agriculture

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

NISAR observations .
s L-band Observation of Croplands
| Growth Stages over 3-4 months l ‘
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@W{*‘Tﬁ 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 z
freeze/thaw cycles NIS /BW

Mission \__~



NISAR Ecosystems
Algorithm Overview

NISAR HH, HV terrain-
corrected time-series

Identify ecoregion
and set of calibration
coefficients

i i Calculate temporal
Subset data by Calibrate images to e f
temporal mean coerricient o
veasen variation

Apply model or
Bayesian estimation

to (05, oRy)

Map regions of

Iterate over time-
series to refine
estimation

Biomass map
+ additional products

Perform consistent Select polarization
cumulative sum inundation and and apply
analysis open water threShOId
Apply threshold Map inundated and Run voting
and post- open water changes classifier to
processing for each epoch generate final map
Disturbance map Inundation map Crop Area map { ”
+ additional products + additional products + additional proanSA/r%

NASA - ISRO SAR Mission \__~
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m’ﬁr 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.

Regions with Regions with Regions with Regions with
AGB < 100 Mg/ha AGB > 100 Mg/ha AGB < 20 Mg/ha No woody Open
50% of area 50% of area 50% of area vegetation Water

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

e 5 e -

RIS



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)

KDP-B DPMC 2-30



@3“43”—“ SAR MEASUREMENTS

Phenomenology of SAR Measurements of Vegetation

Impact of vegetation and soil Radar & Lidar Resolution Cells

o (mzm'z) L Radar Resolution (~Lx L m
’/' Vg = Volume: L2H/sin®
I
Veg + Soil g SRORE d, Ground Plot Area (~Lx L m)
P b ""“ao‘ Lidar footprint (~L m radius) Vs = Volume: L2H
aastloyite o B S1 V, = Volume: TiL2HT
i . ;o’ T. Gaussian volume factor
Y b L4
@ | ese®® Ves
9 ST R
wilse * of
@ ¥
\.‘ \Ne
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».. -,
Ofo 2 -l
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52 ’ ~ . ..':: -~
¢ o WP L A
’ e 2 e T 03—
L —_—
0 AGB (Mg ha)

(Values are not to scale)
At footprint scale: Vg # V| # Vg




Scattering Phenomenology

C-band X-band

3cm

Live/Dead Biomass

L-band

NIS/{\)I;’
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@ @4% Dielectric Constant of Vegetation

Complex Dielectric Constants of Wood Perpendicular E-Field / T
WOOD | SEASON Frequency (MHz) E. — € + lE
TYPES 50 100 200 400 600 800 1300 2400 3200 r r r
SOFT WINTER 55 53 S1 50 48 46 44 42 40
SUMMER| SO0 48 47 46 45 44 41 40 38 Sto re d
HARD | WINTER | 25 24 23 22 21 20 18 17 16 ) Loss
SUMMER| 23 21 21 20 20 19 17 16 15 Energv/ disp factor
Wood Grain Perpendicular to E-Field ersion
___(Summer)
Wood Frequency (MHz)
Type 50 ] 100 | 200 | 400 | 600 | 800 | 1300 | 2400
Softwood 15.2 8.01 4.50 3.01 2,78 2.85 3.40 5.00 6.10 0.55 1y - 0,1228x + 0,1686 114 70 39004 0/4252
& o, R?=0,7408 = 5 :
Hardwood | 15.2 | 7.98 | 4.41 | 291 | 2.63 | 2.65 | 3.11 | 4.48 | 547  &,. T
D o .‘ e Bos ]
& . Y e 207
B 0,35 .".' B o 0 * !'
\} l ‘ 8 o3 8 os ¢ ° .
008 04 .
E ’ 14 16 18 2 : 2 2,5 3 3,5
l‘ ‘ ."l ’ I Dielectric Constant Dielectric Constant
|l | l.. \ | | i =
| ' : [’ } ! 044 y=0,9711x + 0,2798 ° 52 y=1,1812x + 021:7
| ';:l | 042 R?=0,5602 P2 ., 0682 R?=0,7829 it
! l "!‘ ! ‘ :CE 09 L @ o & ,,,,/"
! | ‘ [ ‘ 2036 %' - z G 2
g 0.34 ¢C, 0,55 ‘ '
L] I Q 05 é
: 045
03 04 - -
0,06 0,11 0,16 0,2 0,4 0,6

Dielectric Loss Factor

a2 Dielectric Loss Factor =
Oak

Fir

HARDWOOD SOFTWOOD



@ %’ﬂé‘?—n SAR Interaction with Structure of Vegetation

Backscatter Measurements:
O'( HYV) =0 + O

crown Stem

+ O

ground

Oy =f(vol,W,,2)
vol . forest volume (size)
W, : wood density (dielectric constant) 45 : . "Hl
Q2 : shape and orientation of components : 3 ' tll i md’ Ty "

Measurement Variables: Frequency, Angl, Polarization o s
high spatial resolution, seasonal to annual revisit time, all time capability hs!!H/\@
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@ %“4’% SAR Sensitivity to Aboveground Biomass (AGB)

P-band (~ 70 cm) L-band (~ 25 cm)

12 | | 12 ——
o ]
= L
o i
= )
o :
2 :
i 4
& ;
8 ) 2 i
S _20_ R =0.82 i |
3 RMS = 1.37 dB :
g ) % ' ¢ Mbam Djarem, C
_9 o Landes, France E , am Djarem, Lameroon
a .24 « Remningstorp, Sweden | 2 ¢ Barro Colorado, Panama

» Guaviare, Colombia 2ol ® Pearl River, Louisiana ]
-26 + Queensland, Australia | " ¥ s Selve CortalRlca
| - Regression o4 1 ' 1
-28, 100 500 300 0 100 200 300 400 500
Above-ground Biomass (t.ha'?) Above-ground Biomass (Mg/ha) ﬁ
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Radar Backscatter Images at HH, HV, and VV
polarizations over boreal forests

. A \;' 1 2 A
n'" O NS A e B \
»,.'.J.,' AP oy \

\

...",:.""







L-band Radar Sensitivity to Biomass

o
N

o
S

o
o

-18

ALOS L-HV Backscatter (dB)

*

X

Mbam Djarem, Cameroon

Barro Colorado, Panama
Pearl River, Louisiana
La Selva, Costa Rica

LHV (dB) =-22.5 +3.0Log(AGB)

Biomass < 100 Mg/ha

Low Priority Fusion Region
Higher sensitivity of radar
Domain of NISAR Performance

100

Aboveground Biomass (Mg/ha)

200 300 400

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

500

\

High Priority Fusion Region

Lower to no sensitivity of radar
Domain of data fusion and synergism
with GEDI and BIOMASS

lez"{\@

NASA - ISRO SAR Mission
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Global Monitoring of

Vegetation Disturbance and Recovery

NISAR would provide
acquisitions with both
polarization and incident
angle variations; both
critical for effective
disturbance monitoring.

A . Yo =

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

Recovery Phase

—

Disturbance Event

Radar backsatter
characteristics of
post-disturbance
recovery.

5 10 15 20 25
Time (Year)

23]
o
—
E
[
=
4]
O
(4]
X
O
53
m
-]
T
-

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

NIS/{\/I%

NASA - ISRO SAR Mission \_~
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@ %“4’% What Impacts Radar Observation of Forests

Vertical Structure Horizonthal Structure Canopy/Soil Moisture Landscape
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000000 E'i
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@@4?@ Global Distribution of Biomes

Global Vegetation Biomes

Global Vegetation Biomes
. tropical moist forest (AM, AF, AS)

. temperate broadleaf and mixed forest (AM,EU,AS)
D tropical/subtropical savanna (AM, AF, AS)

. boreal Forest/taiga (AM, EA)
- conifer forest (AM, EA)

[] tropical wetlands(AM, AF, AS)

. temperate grasslands/savanna(N,S)
. mediterranean forests/woodlands (AM, EU, AU)

|:| deserts and xeric shrublands

le‘}{\@

NASA - ISRO SAR Mission



This document contains export-restricted data.

’{Sii%;’/énxﬁ [E-{al+]

NISAR Biomass
Number of Global Models

Global Vegetation Biomes

Global Vegetation Biomes
. tropical moist forest (AM, AF, AS)

. temperate broadleaf and mixed forest (AM,EU,AS)
D tropical/subtropical savanna (AM, AF, AS)

. boreal Forest/taiga (AM, EA)
. conifer forest (AM, EA)

D tropical wetlands(AM, AF, AS)

0.08
o
£
Y
c 0.06
>
e
- 0.04
[ =
©
o]
i)
0.02 Boreal Ecoregion of North America
Pixel 100 m
GLAS Lidar Derived AGB
0 1 1 1 1 1

Boreal Ecoregions

0 50 100 150 200 250
AGB (Mg ha™)

300

(Qflwnﬁ S

.'!}5, )

Global GLAS Lidar AGB Samples

0.02

Observing System Simulation
Experiment (OSSE) Results:

A total of 15 ecoregion specific

backscatter models are required for
NISAR biomass products

0.04 |/

Moist Tropical Forest

Temperate Boradleaf and Mixed (AM-AS)
Temperate Broadleaf and Mixed Forest (EU)
——— Conifers (AM) T
——— Conifers (EA)
——— Boreal Forest (AM

— Boreal Forest (EA

Temperate gass/shrublands (N)
Temperate grass/shrublands (S)
Mediterranean (AM)
Mediterranean (AU)

100 150 200
AGB (Mg/ha)




@/ 4 - Ecosystems
SHi|isTa Level 3 Biomass Algorithm
* Level 3 validated algorithm starts with Level 2 NISAR Tine 1

data products, georeferenced, ground-range, terrain-
corrected NISAR imagery of HH, and HV polarizations

sl

wy-o' |\ _ -
r— _2: > . AW WY CW -
J ‘ o l¢/.(u Wy clw -w)

Initial Data  [SESEE

Wog1, €041, Soa1 -
Time ‘ )
* Initialization will be based on existing biomass maps & ™" s S|V ers | Regirizaton
. . . nitial Data £ s ~———
typical range of soil moisture & roughness Wag S0z | e
. . . SAR Data
* Global Land cover map will be used in setting the N e
algorithm parameters wwiem,sm,
e — S o=alW (- )+ TWe? +8e™
- AGB (Mg/ha)
Calibration &
Validation data will
- allow adjusting the
i O I— ‘{,;“;"‘,',;‘::; algc?rlthm parameters
o Analysis ace uncertainty (Mo/ha)  during the post-launch
AGB Initialization Vi) ..
commissioning phase
Semi-empirical Radar Backscatter Model of m iSSiO n befo re

official data acquisition

1
Catibration Wy Ancllary Data
Data ’ w T (GEDI Lidar
V7 Samples)

SRTM

Land Cover Structural Parameter { =
Topograhy - TBD NISAR)

NASA- ISRO SAR Mission S~
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This document contains export-restricted data.

A-- NISAR Biomass
el |i57a Algorithm Implementation

5 scenes summer 10 scenes spring & summer 14 scenes spring, summer & fall
250 250 250
R2=0.742 R2=0.789 R2=0.806
RMSE = 25.388 RMSE = 22.926 RMSE = 17.980
200 A P : 200 200 -
il
g . " : o " g o o S 0
150 A o~ #2 o 150 . * . 2 .
- zye : : & 150 T
2 R @ 2 ? by
C A BV e o g L rieg
S 100 ARFRFE." A B S 100 - S s 40
& S AR & ) o 100 e 7 A
RIS Ue = L P
D L ot Lol leEye
- - ? o -’ :.l - ", i = o ). —‘ p .“ .‘ .o
>0 L s >0 o 50 <t *:.‘.‘;"':" :
2% v ¥ A 374 DI
0 ‘.:- T T T T 0 ol ™
0 50 100 150 200 25 0 50 100 150 200 250 0 T T T T
Measured AGB Measured AGB 0 50 100 150 200 250

Measured AGB

67.0% Wlthln 20 Mg/ha 74% Wlthln izo Mg/ha 82% Wlthln izo I\/Ig/ha
45.4% within 10 Mg/ha. 46% within £10 Mg/ha. 51% within +10 Mg/ha.

— 530 lidar derived biomass
< used in model validation
Em 40 4 _
e > = Winter scenes with snow
2 cover require model
” improvement .
I B e N R NIS/\/I;}

Size T NASA - ISRO SAR Mission \__~
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Biomass Estimation from SAR Polarimetry

: ‘:‘f‘/r»-*: ‘% : oA : g‘f* Ao v
L-band Radar predicted Biomass Map
BOREAS Study Area

(Ranson et al. 1995)
(Saatchi & Moghaddam, 2000)

[ Jack Pine (JP)

[l Black Spruce (BS)
[ P&BS

] Mixed Conifer

[ Aspen

[ Mixed Deciduous
[l Mixed Conif/Decid
[ Treed Muskeg

[ ] Fen/Muskeg

[ ] Burned Low Veg.
[l Cropland

[l Bare/Disturbed
Il Open Water

Landsat Based Vegetation Map

Possible areas of extended range

Difference (Mg/ha)

10Mass

w
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N
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ONEEEOENCOCOD.

+10 Mg/ha

{]
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CONUS Carbon Stock and Uncertainty

Large Scale Annual Forest Biomass Mapping [ Ri=067 3
RMSE = 48.6 Mg ha -
o | Bias=2.6 Mg hal"er i
; F[N= 2?062.pllots. ey .
W i :
s 8
o 3t © .40
Q 0 i
<
8 5 e
g gl e, 30
& L
8 S}
& 7 i 10
100 200 300 400
Ground Estimated AGB (Mg ha!)
e 300 T T T T T
2 R® =0.97
“c 250 | RMSE =9.8 MT = i
- Bias = -0.006 MT
% 200 - o -
(D -
§ 150 | o |
E o |
T s &
>300 Mg/t & P . .
IE California
¥ . . . . .
Modeled Biomass FIA (1 0° Mg) -
iR
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@ swilists Validation of biomass product with ground and lidar

Biomass (Mg/ha)_
500

400
300
200

100

0

I
o - -
o —4
<
» RMSD = 55.0 0.08
T Q
VIRGINIA [N} cD Category £cn © 2
Non-forest é ,,’ — 0.06
I Deciduous Forest 8 8 - -4
- Evergreen Forest < N — 0.04
Mixed Forest g .
Wetland ‘g o
* Field samples «» 9 7 & 002
P
= LL 0.00
| | I I |
0 100 200 300 400 {
g CMS RF AGB (Mg/ha) \/ﬁ’
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NISAR Applications Workshop — SAR Tutorial, 10/13/15 - 48

@%‘m" ’5"_0 Large Scale Biomass Mapping
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NISAR Biomass CAL/VAL Approach

Uncertainty in Estimation of
L3 AGB Products at
Continental or Regional Scale

Regional Uncertainty using Inventory Data
NISAR L2 Data Mosaic PN

l—>
NSIAR L3 Continental Scale | ! i |
Forest Biomass | (I | | I
And Uncertainty | il |

| |
Current Uncertainty (Error & Bias)
NISAR L1B Imagery and L2 !

AGB product '| :
1 |
I

—-—

|
NISAR L2 Biomass Products NISAR L2 AGB

> 10000 km? / :

L

[ |

(I

1|
Lidar Landscape Scale
Carbon Stock & Fluxes

: -:'dar: AG

1-100 km?

CAL/VAL Distributed Plots

AGB
Plot Level AGB (> 1-ha)

Uncertainty of
Plot level measurements




@@4‘51 Validation Methods, Resources, Data Availability

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

- 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

NASA- ISRO SAR Mission \__~



@ EQATE 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) . N|s{/~|§




‘@/ @4-57, Ecosystem Cal/Val sites - S-band coverage

Location of Cal/Val sites (biomass, wetlands, agriculture)
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A - NISAR-GEDI Data Fusion

p.J

\ y 20 1 86 million cells have 4
or more shots (25%)
15 r
5.8 million cells have 8
or more shots (50%)
10 |
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gk or more shots (75%)
ol Ble..d .
2 4

i Toom 0 6 8 0 12 1416

— 250 M —

o 5 S
vsm "é;;@)‘ B MCHY. S L HARY
e s serc
) e 1 % o
ke o

ORNL

Frequency [%]

o

S M

1000 m

100 m x 100 m pixels

R%2=0.949
RMSE =1.856

50

@ GEDI Waveform
@ GEDI Waveform 40 @ ALS Profile 40

@ ALS Profile

30 "-qc_') 30
QO
3
& 20
10 10
0 >
10 20 30 40 50
A Measured
0.0 0.5 1.0 0.0 0.5 10

h"Eiza%3

NASA- ISRO SAR Mission S~

53



@, 4 NISAR/GEDI Data Fusion
vt |isFe

Simulations from GLAS Lidar and ALOS/PALSAR

South America

Biomass

| . | 1 | -
01 20 60 100 140 200 300 380+
Megagrams per hectare (Mg ha "
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