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Cal/Val Definitions

e CEOS Working Group on Calibration and Validation

(WGCV):.

— Calibration is the process of quantitatively defining the
system response to known, controlled signal inputs

— Validation is the process of assessing by independent means
the quality of the data products derived from the system
outputs

» Recently formed Land Products Validation GroupSam Moisture
(Jackson/Wagnei)itp://Ipvs.gsfc.nasa.gov/
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Cal/Val Definitions

CEOS Working Group on Calibration and Validation

(WGCV):.

— Calibration is the process of quantitatively defining the
system response to known, controlled signal inputs

— Validation is the process of assessing by independent means
the quality of the data products derived from the system
outputs

» Recently formed Land Products Validation GroupSam Moisture
(Jackson/Wagnei)itp://Ipvs.gsfc.nasa.gov/

e Definitions from SMOS:

— Instrument Calibration: Verification of the L1 processor

— Geophysical Validation: L2 products

« “Validation will demonstrate with statistical siig[jnance that the
derived products satisfy mission requirements”

“Data sets used must be of known quality, extever gignificant
geographlcal areas, span varlous geophysical conslitand have
sufficient temporal coverage”




Calibration Definitions

o Calibrationis the process of guantitatively defining
the system response to known, controlled signaltep

e |Instrument Calibration: Verification of the L1
processor

* Vicariouscalibration: In orbit calibration of a satellite
sensor by a method independent of that used to
perform the initial laboratory calibration.

— Targets with known properties
* Internal
» External
— Highly reliable (Deep space, open ocean)
— Requiring additional information (Deserts, DomeAtazon forest)
— Data from the satellite sensor are compared with

measurements by a sensor on an aircraft (or other) platform
and or another well-calibrated satellite system




SMAP Cal/Val

* The objective of SMAP Cal/Val is to calibrate and validate Level

1 through Level 4 algorithms and products relative to the mission
requirements.

* The purpose of the Cal/Val plan is to describe the process that
will be used for calibrating and validating Level 1 through Level
4 science data products of the SMAP Mission. The SMAP
Cal/Val Plan is the basis for implementation of the detailed set of
calibration and validation activities that take place during the
SMAP mission lifetime The SMAP Cal/Val plan has the
following role in completion of the SMAP Cal/Val program.

e Clarification of terms. There are Level 1 and 2 mission
requirements and Level O, 1, 3, and 4 mission products.



SMAP Product Requirements

* The objectives of the mission are quantified at the product
level in the Level 2 mission requirements

 Level 2 mission requirements for the baseline mission are:

Reso | Refresh

Product Accuracy Latency |[Notes

[km] | [d]

1B 1.3 [K] 40 12 [h] |Fore/aft combined, Time ordered
- oo 1 [dB] 30 12 [h] |Real aperture

B 1.3 K] 40 12 [h] |Fore/aft combined, Earth grid
o o 1 [dB] 1-3 12 [h] |Synthetic aperture processing

0.04 [m’m? | 10 3 24 [h] |Surface soil moisture (0-5 cm), Mask applies

L3 . 0.04 [m3/m3] 40 3 24 [h] |Surface soil moisture (0-5 cm), Mask applies

FIT 80 [%] 3 2 24 [h] |Freeze/thaw, Mask applies (> 45°N)

SM | 0.04 [m3/m3] 10 7[d] | Root-zone soil moisture (0-100 cm)
< NEE | 30 [gC/mQ/yr] 10 14 [d] [Net ecosystem exchange (> 45°N)

 In addition, there isthe internal L3 SV Radar product



/ SMAP Cal/Val Pre-launch and Post-launct

sos  BETE iy o  Pre-launch Cal/Val is focused on
oo validating that there are means in
! . T place to fulfill the mission
ment = Con ", = pemm e s objectives. In particular
- - — ATBD identified activities that will
improve algorithms and products
— Establish infrastructure necessary
Pre-launch Cal/Val Activities for post-launch calibration and
validation
J— — « Post-launch Cal/Val is focused on
e validating that the science products
" T meet their quantified requirements,
B A and on improving the algorithms

and quality of products over the
mission life.

$

Post-launch Cal/Val Activities

Feedback
Feedback

(schematic diagram of data processing flow; SDS = Science Data System)



SMAP Cal/Val Timeline

Important milestones for Cal/Val planning (andaalthm development)
before launch are the Preliminary Design ReviewRIPBnd Critical Design
Review (CDR)

- Updated draft Cal/Val Plan after the Workshop

- Preliminary Cal/Val Plan in place by PDR, FinalGpR
The Post-launch Mission is divided into In Orbh&ck, Cal/Val, and
Routine Observation phases

Brightness temperature and backscatter produet®are validated and
released ire months. Soil moisture (surface and root-zone), freezevtha
state and net ecosystem exchange witRimonths.

Final consistency checked processing of the ddkdevperformed 6 months
after the end of primary science mission
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MDR/SRR
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CDR
Launch

Pre-Launch Cal/Val
In-orbit Checkout
Cal/Val Phase
Routine Observation
Validate LO&1
Validate L3&4

Data releases
Focused campaigns
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SMAP Cal/Val Plan Document

The SMAP Cal/Val Plan document is structured infdll®wing main sections:

W e

Introduction

Science and Mission Overview

Calibration and Validation Overview

Cal/Val Requirements of SMAP Products
a) What are the specific/primary items requiredtha cal/val of each product?
b) Prioritization of issues

Pre-Launch Activities

a) Activities carried out for the cal/val of senpooducts and geophysical
parameters

b) Timeline for these activities

Post-Launch Activities
a) Activities carried out for the cal/val of eacloguct
b) lIdentify quantified references for each product
c) Coordinated field campaigns
d) Timeline for these activities

International Contributions

Activities related to other relevant missions
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/ SMAP Pre-Launch Cal/Val

e |nstruments

- Characterization of the instruments and their camepits to show
compatibility with requirements and to support plasinch calibration

- Performance analysis and simulations based orih@mvironment
scenarios

» Geophysical Algorithms
- Modeling and analysis using the SMAP Testbed

- Field campaigns to support the development of glgos and to resolve
critical algorithm issues

- Algorithm tests with equivalent data from otheredige resources
- Assimilation trials with synthetic and other sateldata products

- Establishment and verification of post-launch re@ses: installation,
calibration, and scaling of ground based netwarksgration of
operational validation data resources, and evalnaif complementary
satellite products

* Validation of Science Data System (SDS) operation and data
production

10



/ Post-launch Level 1 Products Cal/Val (1/2)

Radiometer

* Cold sky maneuvers
— Sky in regions with low galactic background.
— Possible to execute one to several times a year
— Track inter-seasonal changes in the calibration
« Ocean modeled TB’s
— No impact on observatory operations.
— Buoy matchups with, e.g., TOGA-TAO and ARGO arrays
— Regional averages based on environmental reasahgiels
— Approximately monthly tracking of gain calibration
« Dome-C observations
— Studies predict 0.1-K stability in TB’s
— Currently being verified by ESA ground-based ratkter measurements
— Potential vicarious calibration of on-board refere load
* RFI mitigation
— Compare RFI detection flags with known RFI sieg( FAA radars)
— Compare with aircraft underpasses

11



/ Post-launch Level 1 Products Cal/Val (2/2)
Radar

e Post-Launch external calibration goals
— Remove channel-to-channel and pixel-to-pixel Hdednigh accuracy
— Remove absolute bias to best capability
e Post-Launch external calibration approach (manentadyets are insufficieht

— Characterize receiver with space view maneuvepagdaunch calibration parameters
(similar to radiometer calibration)

— Statistical analysis of large, uniform, isotropagll-characterized, stable scenes (such
as Amazon)

— Cross-calibration with other contemporaneousinfyadars: ALOS PALSAR,
Aquarius, UAVSAR, eté.

— Natural target calibration demonstrated to be eegurate
— Utilize polarimetric backscatter reciprocity

— SAR image formation: check for scan oriented kinghs variation (scalloping)
indicating antenna, attitude, and/or ephemeristdfs> tweak processing parameters
and derive attitude from radar data as needed

— Occasional receive only data collections to suREY conditions

1) Pixel size too large for corner reflectors (howetley are cheap and may be helpful in geo-locatadidation) and
transponder accuracy insufficient

2) Over distributed targets and over targets where coropasensors can be calibrated with corner reflectors

3) JPL Ku-Band scatterometers removed channel-to-chamdgbixel-to-pixel biases to 0.2 dB JERS-1 demonstrated that
Amazon is stable to < 0.2 dB at L-Band

12



/ Post-launch Level 3 Products Cal/Val (1/4)

» Approach
- Provide verified estimates over an area and degpiivalent to
the derived products throughout the project life

- Provide a robust set of cover conditions and ggoucilimate
domains for validation

- Provide continuous, consistent, and long term conth
minimal latency. Available without restrictions.
* Elements

- Ground based observations that represent the fotgsrd cell
either by replication or scaling, which has beenfiesl

- Field experiments
- Satellite product comparisons
- Model product comparisons

13



/ Post-launch Level 3 Products Cal/Val (2/4)

5 o
Ground-based Soil Moisture .,
» Soil moisture validation will reply on -
ground-based soil moisture observations e
made by dedicated networks, climate
networks, and field campaigns.

[ state available
[ State not available

* Pre-launch activities will have verified all
sites and established scaling functions

‘Reynﬂild's Creal; . ARS \/\b:;l':er g‘]eds e

)

E Forast

llllllllll

Grassland

@ Installed Pair (14)
@ Installed Single (100)

4 in Alaska and 2 in Hawaii

Examples of possible dedicated validation sites Examples of possible networks for soil moisture
for soil moisturethat utilize replication that require scaling
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/ Post-launch Level 3 Products Cal/Val (3/4)

Ground-based Freeze-thaw
Global Biophysical Station Networks

Freeze-thaw validation activities will -
rely heavily on existing global
biophysical station networks

iIncluding WMOQO weather stations,
FLUXNET, Snotel, SCAN &

aaaaaaaaaa

ALECTRA site networks. [ s e e e B

Pre-launch activities will include
terrain and land cover based scaling
studies to establish regional
representation and scaling
relationships of in situ validation
sites.

high # 0.000000 - 14,500000
medium 14800001 - 52, 200000
low # 52200001 - 1200000000

15



/ Post-launch Level 3 Products Cal/Val (4/4)

Satellite-based Soil Moisture Model-based Soil Moisture

* SMOS Two potential approaches:

« GCOM-W = Evaluate improvement in model output

« EUMETSAT realized upon assimilation of SMAP
products into a land model (Crow et al.,
2009).

» Use model-based soil moisture as one of
three independent estimates of soil
moisture and apply “triple co-location”
techniques (Scipal et al., 2008).

Reqguirements:

= Must be robust to inevitable error in
model-based soil moisture.

= Methods must be verified using more
direct validation techniques.

16
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Post-launch Level 4 Products Cal/Val

» Approach
- Provide products of other models for comparison

- Provide internal diagnostic indicators of the adsition
process
- Provide verified estimates over an area and degpiivalent to
the derived products throughout the project life
* Elements:
- Model products (like GMAO L4 SM)

- Long term network data on e.g. CO2 flux, root-zeog
moisture

17
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Approach to Field Campaign Design

* Pre-Launch
- ATBD teams identify needs that can be addressdatlay
campaigns utilizing tower and/or aircraft SMAP slatars

- Cal/Val WG identifies field campaigns that wouldohtabute to
establishing post-launch infrastructure

- SMAP SDT prioritizes activities

- Campaigns are planned and executed to satisfy tees¥s to
the extent possible with resources available

e Post-Launch

- ATBD teams identify specific test activities thaincbe
addressed by field campaigns utilizing tower andiosraft
SMAP simulators

- Cal/Val WG identifies field campaigns that wouldhtrabute to
establishing mission performance

- Campaigns are planned and executed to satisfy tees¥s to
the extent possible with resources available

18



/ Objectives of the Cal/Val Portion of Workshop

S

* Review C/V plan status

« Synopsize linkages between the ATBDs and C/V plan

o [dentify critical development needs in algorithms

* Prioritize pre-launch activities

e Establish post-launch validation infrastructure

* Review existing networks

* Review methods for scaling points to grids

» Design and plan the implementation of validation sites

o Strategies for exploiting other satellite missions for SMAP

« Consensus for near term field experiments with airborne
and/or tower instruments (2010/2011)

o Strategy for longer term (Pre- and post-launch)

19



Some Specific Questions

How to incorporate existing in situ networks into
SMAP Validation?

— Technique

— Depth

— Latency

— Testbed

— How do we use sparse networks in validation?

What should our core validation sites look likelan
where should they be?

What are the options for engaging international
cooperators in validation?

What should the near-term SMAPVEX include?

20



/ CEOS Hierarchy of Validation (Post-Launch)

e Stage 1: Product accuracy has been estimated usimdgla

number of independent measurements obtained from selected
locations and time periods and ground-truth/field program
effort. (Core Stes; field campaigns within first 12 months)

Stage 2: Product accuracy has been assessed widet\a
distributed set of locations and time periods via several
ground-truth and validation effort€Core sites; networks,
cooperators, model products)

Stage 3: Product accuracy has been assessed, and the
uncertainties in the product well-established via independent
measurements made in a systematic and statistically robust
way that represents global conditio(l resources over the
mission life)



