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1 Scope of document

The AATSR vdidation plan is made up of three parts. The first part, vdidation principles and
definitions (AD1), gives an overview of the AATSR vdidation programme and sets out the
principles behind it. The second part, the AATSR measurement protocol (AD2) discusses the
measurements needed for validation, and recommends the instrumentation and procedures
that should be wsed. Both of these documents have been written with the help of the AATSR
SAG.

This document forms pat 3 of the AATSR vdidation plan, and describes in detal the
activitiesthat will be performed to validate the AATSR data products.

The vdidation implementation plan includes details of:
The AATSR data products.
Vdidation organisation.
Vdiddion activities that will meke up the core vdidaion programme, including the
names of Principa invedtigators, ingrumentation that will be used, geographica location
and planned activities.
The schedule of vaidation activities.
The validation loop, describing what happens to the vaidation data once it has been
collected.
Longer term vdidation activities.
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Applicable Documents

AD1 PO-PL-GAD-AT-005 (1) | AATSR Vdiddion Principles and Definitions

AD2 PO-PL-GAD-AT-005 (2) | AATSR Vdlidation Measurement Protocol

AD3 PO-PL-RAL-AT-0501 AATSR Commissoning Plan

AD4 PO-RS-GAD-AT-0001 | AATSR Science Requirements

AD5 PO-TR-RAL-AT-0024 AATSR Infra-red radiometric caibration
report — Issue 1

AD6 PO-TR-RAL-AT-0023 AATSR Vidgble radiometric cdibration report
—Issue?2

AD7 PO-PL-GAD-AT-0006 AATSR Ground Segment Development Plan

AD8 MERIS Cd/Va Implementation Plan

AD9 SVDS-02 SCIAMACHY Vadlidation Handbook

AD10 | PO-PL-ESA-GS-1092 Envisat Cdibration and VVdidation Plan

AD11 AATSR Algorithm Verification Plan




3 Acronyms

AATSR Advanced Along Track Scanning Radiometer

ADS Annotation Data Set

AIMS Audrdian Inditute of Marine Science

A/O Announcement of Opportunity

ASTER Advanced Space borne Therma Emission and Reflection radiometer

ATSR-2 Along Track Scanning Radiometer 2
AVHRR Advanced Very High Resolution Radiometer

BADC British Atmospheric Data Centre

BB Black Body

BT Brightness Temperature

Cb CumuloNimbus

CSIRO Commonwedth Scientific and Industrial Research Organisation
DETR Depatment of the Environment, Transport and the Regions
ESA European Space Agency

EOS Earth Observation Science

FOS Hight Operations Support

GBR Greet Barrier Reef

GPS Globa Pogtioning System

ISAR Infrared Sea surface skin temperature Autonomous Radiometer
JRC Joint Research Centre

L Launch

LST Land Surface Temperature

M-AERI Marine Atmosphere Emitted radiance Interferometer
MDS Measurement Data Set

MODIS Moderate Resolution Imaging Spectroradiometer

MPH Main Product Header

NERC Natural Environment Research Council

NDVI Normalised Difference Vegetation Index

NWP National Westher Prediction

OoP Operationa Processor

PDS Payload Data Segment

Pl Principa Investigator

PP Prototype Processor

RAL Rutherford Appleton Laboratory

SAG Science Advisory Group

SISTeR Scanning Infrared Sea Surface Temperature Radiometer
SODAP Switch On and Data Acquisition

SPH Specific Product Header

SST Sea Surface Temperature

VDP Validation Data Provider

VS Vdidation Scientist



4 Validation requirements

The main objectives of the AATSR vdidaion programme are to assess whether the AATSR
indrument is returning globd skin SST messurements and visble channd  reflectances,
which meet the scientific requirements of the misson in terms of accuracy. To meet these
objectives, a number of validation activities will be carried out. Some of these are designated
“core’ activities, and are consdered central to the validation programme. Other additiond
activities will be important for adding information and enhancing the core assessment made.

Vdidation can be conddered in two phases an initid vdidation period from launch (L) up
until the vaidation workshop a L + 9 months, and ongoing vdidation during the remainder
of the mission. These phases are described here.

4.1 Initial Validation

The firg d9x months of the misson are known as the commissoning phase of the satdlite.
During this period, every indrument on the platform is switched on, data acquisition begins,
and preiminary vaidation is caried out to assess the quality of the data received. As detailed
in AD10, at the end of the commissoning phase, Level 1b data products are distributed to dl
users. Level 2 products are didtributed to science AO PI's. At L + 9 months, a vaidation
workshop will be hed by ESA. This workshop will mark the end of the initid vdidation
phase and the point at which dl data become avallable to dl users.

During the initid validation phase, the vdidation team will be considering the question; does
the ingrument meet its specifications? More specificdly, the objectives are:

To determine whether the AATSR ingrument is returning an acceptable globa skin SST
(0.3 K, as defined in AD4).

To make an initid assessment of the quaity of the AATSR SST data products, in a
limited number of dtes and seasons. Making timdy use of any tandem ATSR-2/AATSR
misson, this should incdude the determination of any bias difference between the
measurements made by AATSR and those made by ATSR-2.

To assess the accuracy of the AATSR data retrieved over land (as defined in AD4).
Eventudly this will indude both the reflectance vaues returned by the visble channds and
the temperatures retrieved from the thermal channels.

Sections 9 and 10 detal the vdidaion activities that will be caried out to meet these
objectives. Initid vaidation includes core and noncore validation activities.

4.2  Ongoing Validation

After the vdidation workshop, vaidation activities will continue. During the misson as a
whole, the upper limits of achievable accuracy of the AATSR will be assessed. Specificaly
the aims of the on-going validation programme are:

To make a detalled assessment of the qudity of the AATSR SST data products in an
increasing number of Sites and seasons.

To monitor the qudity of the AATSR data products over the duration of the misson (for
example, to invesigate the success of the SST retrievas in varying conditions such as periods
of high aerosol contamination following a volcanic eruption). This is essentid for ensuring
continuity of the climate record.

To vdidate new AATSR products. Ongoing vaidation will seek to validate new products
as they are developed and made operationdl.

Ongoing validation is described in Section 13. Core and non-core activities are included.



5. AATSR Data Products
Table 51 summarises the AATSR Data products.

After reception on the ground, the raw data are converted into a Level O product. This
consists of a chronological sequence of records esch containing a single insrument source
packet, with each source packet representing one instrument scan. Level O data are processed
to give, firdly, the Level 1b and then the Levd 2 product. Level O data are not routindy
available to users.

Product ID Name Description
ATS NL_OP Leve 0 Product - Ingtrument source packet data
ATS TOA 1P GBTR - Full resolution top of atmosphere BT/reflectance for

al channdsand both views.

Product quaity data, geolocation data, solar angles
and visible cdibration coefficients

ATS NR 2P GST - Full resolution nadir-only and dua-view SST over
sa

Full resolution 11 nm, BT and Normalised
Difference Vegetation Index (NDVI) over land
Product qudity data, geolocation dataand solar

ages
ATS AR 2P AST - Spatidly averaged ocean, land and dloud parameters
- Spatidly averaged top of amosphere BT/reflectance
ATS MET 2P Meteo Product - SST and averaged BT for dl dear seapixds, 10 ac
min cdl, for Meteo users
ATS AST BP Browse Product - 3band colour composite browse image derived from

L 1b product. 4 km x 4 km sampling.

Table 5-1: Summary of AATSR data products

AATSR was designed primarily to measure sea surface temperature, precisdy and accurately.
The man am of the vdidation programme is, therefore, to assess whether this is being
achieved through vdidation of the Leve 2 products. The ATS NR 2P GST product contains
full resolution nadir-only and dua view SST measurements over sea, whilst the ATS AR 2P
AST product contains ocean parameters that have been spatidly averaged (over 50 and 17
kn? grid cells, or hdf degree and 10 arcmin cdlls). The core vaidation activities will assess
whether the SST measurements given in these Level 2 products are being measured to the
accuracy and precison expected from the indrument design. Examination of the BT's in the
Leve 1b product will be an inherent part of this process.

Over land, the key parameter for vaidation will be the visble channd reflectance vaues in
the Leve 1b product. However, an AATSR LST retrievd is currently being prototyped for
incluson in the Level 2 products. Plans for the vdidation of this parameter will be added to
this document at alater date.

The Meteo product (ATS MET_2P) is dedigned for use by meteorologicd users in near-red-

time, and will be vaidated by the Hadley Centre as pat of ther vdidation activities (see
Section 9.1.1).
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The browse product is intended to provide 3 band colour composite, quick-look images at
coarse resolution. Derived from the L1b product, it is not covered specificdly by vdidation
activities.
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6. AATSR Validation Organisation

As AATSR is an Announcement of Opportunity Insrument, the DETR is responsible for its
cdibration and vdidation throughout the misson. As pat of this responsbility, an AATSR
vaidation scienti (VS) has been gppointed. The role of the VS is to ensure tha the
objectives outlined in Section 4 ae achieved. The VS will coordinate and manage a
vdidation programme for AATSR, ensuing vdidation data are collected and andysed in a
timey manner. The vdidation activities that will be carried out are outlined in Sections 9 and
10, whilgt information on what happens to the vdidaion data once collected, is given when
the Vdidation Loop is discussed in Section 13.

The AATSR VS is based a the Space Research Centre, University of Leicester, and works
directly dongside the ingrument PI, Professor David Liewdlyn-Jones.

Contact details of the VS are: Marianne Edwards
Earth Observation Science
Department of Physics and Astronomy
Univerdty of Leicester
Universty Road
Leicester, LE1 7RH
Td: +44 116 2523521
Fax: +44 116 2525262

E-mal: meel@le.ac.uk

6.1 TheMERISand AATSR Validation Team (MAVT)

In order to coordinate and manage the ca/vd activities of the Envisat instrument, ESA have
st up cdibration and vaidation teams for the different payload insruments (see Figure 6.1-
1). Guido Levrini of ESA ESTEC coordinates the cad/va programme as awhole.

AATSR has a cdibration team (Figure 6.1-2), which focuses on the engineering aspects of
the indrument commissoning and the verification of the data processng software. For
vdidation, AATSR joins with MERIS to form the MAVT, the MERIS and AATSR
Vdidation Team (Figure 6.1-3). MERIS and AATSR cary out sSmilar vdidation
measurements, and integration with the MERIS team is useful in that it ensures that AATSR
vaidation activities are firmly integrated into the Envisat vaidation team. The MAVT is co-
ordinated by Evert Attema a ESA ESTEC, hdped by Paul Snoej. Within the MAVT
dructure, AATSR activities are co-ordinated by the VS, Names liged in each column
represent PI's that will be carrying out vdidatiion activities. In addition, a number of ESA
observers are listed (P.Regner, P.Goryl, and H.Tait).

To ad adminigration and organisation within ESA, every vdidation activity is assigned a
number. These numbers are 3 digits if the activity is an origind AO response, or 4 digits if
the activity is additiond to the AO response. These numbers have been retained in this
document for adminigtrative purposes.
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Information for the AATSR vdidation team is disseminaed by the VS via the AATSR
vdidation website, found at http://cerberus.cfs.le.ac.uk/aats/
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AATSR Vdidation Implementation Plan
PO-PL-GAD-AT-005 (3): Version 1

Envisat
Cal/Val Coordination

G. Levrini
[
AATSR ASAR ATMOSPHERIC CHEMISTRY GOMOS CALIBRATION
CALIBRATION i CALIBRATION & VALIDATION VALIDATION AND VERIFICATION
M. Edwards (Leicester University) (ACVT) O. Fanton d'Andon (ACRI)
ESA repr. : H. Tait M. Zink E. Attema ESA repr.: T. Paulsen
MERIS MERIS & AATSR MIPAS CALIBRATION PRECISE ORBIT
CALIBRATION i VALIDATION AND VERIFICATION DETERMINATION
(MAVT) (POD)
S. Delwart E. Attema H. Nett P. Vincent (CNES)
RA-2IMWR RA-2IMWR SCIAMACHY CALIBRATION
CALIBRATION | | | VALIDATION & CROSS-CALIBRATION AND VERIFICATION
W. Balzer (DLR)
M. Roca J. Benveniste ESA repr.: J. Frerick

Figure 6.1-1 Organisation of the Envisat Ca/Vd Programme
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AATSR CALIBRATION TEAM
9022 M. Edwards (Leicester University)

ESA representative: 8019 H. Tait

INSTRUMENT CHARACTERISATION

ALGORITHM VERIFICATION

L D. Smith (RAL, UK)

- A Birks (RAL, UK) |

| 8019 H. Tait ‘

— 8506 A. Buongiornom

Figure 6.1-2 Organisation of the AATSR Cdibration Team
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MERIS & AATSR VALIDATION TEAM (MAVT)
Coordinator : 8000 E. Attema

AATSR AATSR MERIS CLOUDS MERIS MERIS VEGETATION MERIS
LAND VALIDATION SEA SURFACE & WATER VAPOUR L2 ALGORITHM PRODUCTS & ATMOSPHERIC WATER PRODUCTS
TEMPERATURE VALIDATION PRODUCTS VERIFICATION CORRECTIONS OVER LAND VALIDATION
9022 M. Edwards, UK 9022 M. Edwards, UK 8507 P. Goryl 9080 C. Brockmann, D 8017 M. Rast 8021 JP Huot
| 119 Hagolle, F 506 Roquet, F 137 Fischer, D Aiken (PML, ESL) ‘ JRC (Verstraete) 119 Hagolle, F ‘
| 410 Smith, UK | 552 Nightingale, UK 247 Matzler, CH Antoine (LPCM/ESL) ‘ 279 Baret, F 256 Tanré, F ‘
501 Watts, UK 590 Minnett, USA | Aubertin/Zagolski (BOMEM) 516 Zwick, CDN | 1270 Hollingsworth, ECMWF

9025 Prata, AUS

9024 Barton, AUS

792 Fischer, D

Doerffer (GKSS, ESL)

9097 Koelemeijer, NL

9082 Robinson, UK

| | 270 Holiingsworth, ECMWF ‘

861 Fischer, D

Feld (FUB) ‘

8019 H. Tait

9084 O'Carroll, UK

8504 P. Regner

9095 Murray, UK

8507 P. Goryl

8019 H. Tait

| |
| |
| |
ki |
‘ || 9081 Donlon, UK I
| |
| |
| |

L 8507 P. Goryl

Figure 6.1-3: Organisation of the MERIS and AATSR Vaidation Team
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| | Fischer (FUB, ESL)

| Fornier-Sicre (ACRI)

| | GMV (operational processor)

| Kraemer (BC)
Montagner (ACRI)

| Santer (LOA, ESL)

| Verstraete (JRC, ESL)

| 8015 S. Delwart

L 8507 P. Goryl

| 290 Weeks, UK
| 322 Antoine, F
| 371 Hakansson, S
| 468 Siegel, D

| 591 Deschamps, F
| 595 Dekker, AUS
| 609 Sorensen, N
| 610 Gower, CDN
| 647 Doerffer, D
| 683 Villanoy, PH
| 698 Ruddick, B
| 9001 AMT (Aiken, UK)
| 9096 Peters, NL

L 8504 P. Regner



7. Calibration

Mog of the insruments on board Envisat require a series of activities podt-launch to
cdibration the indrument. AATSR is dightly different in tha it is sdf-cdibrating. It has an
on-board cdibration sysem, which involves, for the therma channds, the use of two
goecidly desgned and highly dable black-body reference targets, and, for the visble and
near infrared channds, a diffusdy reflecting target that is illuminated once per orbit (for
more information on AATSR cdibration, see AD5 and ADG6). As such, cdibration of the
ingrument after launch is not required.

However, as indicated in Figure 6.1-2, there will be specific activities to check and
characterize the indrument post-launch. These activities should be completed before
vdidaion darts, and are detalled in AD4. The mgority of these activities will be caried out
during the AATSR SODAP in the fira few weeks of the misson, dthough some will
continue further into the commissoning phase after vaidation has started. At the end of the
SODAP, there will dso be some dgorithm verification activities where data processng
dgorithms are verified and fine-tuned. These are discussed in Section 8.

The vicarious cdibration of the visble channds, where visible channe data from AATSR ae
compared with data from other ingtruments, can be cdasdfied as ether cdibration or
vdidation. Within the AATSR vdiddion programme, vicarious cd/vd is treated under the
title of validation, and is described in Section 10.1.
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8. Algorithm verification

The objectives of this activity are to “commission” the AATSR processors, characterise the
performance of the agorithms and evaluate L1b and L2 product qudity. A key feature of this
work will dso be evduating, tuning and regenerating the AATSR processor auxiliary files.

Algorithm verification is one dement within the overdl AATSR cdibraion and vaidaion
plan. Work on dgorithm verification will dat immediady after the end of the AATSR
SODAP. The reaults of dgorithm verification will feed back into upgrades of the AATSR
processng chain a the end of the Commissoning Phase. The target for completion of L1b
dgorithm verification is L+4 months. L2 agorithm verification should be completed by L+6
months.

The unit, system and acceptance tests, and the breakpoints designed for PP and OP testing
and debugging will be used as a basis for these tests. This activity will aso take advantage of
AATSR and ATSR-2 pardld operations.

The AATSR dgorithm verificaion activities will be described in detal in the AATSR
Algorithm Verification Plan (AD 11) and will be desgned to cover a representative range of
geographical areas and viewing conditions. The L1b dgorithm verification will focus on:
product formats (MPH, SPH, MDS, ADS), tedemetry unpacking, converson and vaidation,
vigble cdibration, IR cdibration, geolocation, collocation of forward and nadir views, cloud
flagging (including sun glint), peformance of land/s;sa mask and cosmetic fill. The L2
dgorithm verification will focus on: (MPH, SPH, MDS, ADS), interpolation of solar angles
and pixd pogtion from the L1b product, SST and NDVI retrieval a 1 km resolution, the
goatial averaging process, and SST, NDVI and cloud parameters retrievad for spatidly
averaged cdls. The Algorithm Verification Plan will give detalls of test objectives, test data,
test procedures, test tools, expected test results or passffal criteria, and suggestions for
corrective action in case of test failure (e.g. detailed breskpoint andyss).

At a number of points prior to launch, LO data obtained directly from the AATSR instrument
will be mede avalable. Algorithm verification will indude examination of the format of this
Levd O data to ensure that it is condgtent with that expected by the data processing system.
These data will be further tested by processng through the PP, in such cases where
indrument and auxiliary file configurations alow.

These activities will be coordinated by ESA, conducted by RAL in ther role as AATSR
Expert Support Laboratory.
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9. Initial Validation Activities: Validation of SST Products

For SST, vaidation concentrates on validating the Gridded Sea Surface Temperature Product,
and the Spatialy Averaged Sea Surface Temperature Product.

Vdidation falsinto three groups.
Early indication of gross errorsin ASST
Spot vaues for gridded data, taken using autonomous insrumentation
Precison messurements

Measurements taken under these three headings vary in their frequency, globa digtribution
and accuracy. They are dl necessary, and consdered “core’ vdidation activities. Figure 9-1
detalls the PI's leading different projects involved in the three levels of SST vdiddion. lan
Barton of CSIRO is lised severd times as he will act as the contact point for dl Audrdian
projects. The adminidrative number of the activity isaso listed.

Thermal
Sea Surface Temperature
Early Indication of Spot valuesfor Precision
GrossErrors Gridded data M easur ements
Hadley Centre, (9084) Donlon/Robinson, g:g[m r(m%;,)
JRC/SOC, (9081/2) '
Minnett, Uni. of
Murray, RAL, (9095) Barton, CSIRO, Miami, (590)
(9024)
Barton, CSIRO,
Roquet, Meteo France Barton, CSIRO, (9024)
(506) (9024)

Figure 9-1: Levels of Vaidation for vaidating AATSR SST
data products, and the PI’ s involved in each activity.
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9.1 Levd 1. Global Buoy Comparison including early indication of grosserrors

Many of the early errors in SST's produced from ATSR-1 and ATSR-2 data were detected
usng sysematic comparisons with buoy data and SST andyss fidds. This is a good method
of detecting gross errors in SST a an early stage, and is advantageous in that it can be caried
out at agloba scde and without field data collection campaigns.

9.1.1 Derivation of bulk SST from AATSR SST, and comparison to model SST’s and
buoy data, Met Office/lHadley Centre (9084)

The Met Office will derive bulk SSTs from the skin SSTs as described below and provide
monitoring reportsto DETR and ESA. The key gaff involved in this activity are:

Principal Investigator (Contact): Roger Saunders
Satellite Applications, NWP Divison
Met Office
London Road,
Bracknell
RG12 252
roger.saunders@metoffice.com

Co-Investigators: Anne O'Carroll
Address as above
anne.ocarroll @metoffice.com

LisaHorrocks
Address as above
lisahorrocks@metoffice.com

9111 M ethodology

The Met Office will derive bulk SST from the AATSR obsarved skin SST, usng surface
wind and fluxes of heat and momentum from operatiiond globd NWP andyses. The skin to
bulk correction will be gpplied to the near red time AST product.

It is planned, after careful monitoring, to assmilate the derived bulk SSTs into the new
HadISST andyss scheme, dong with in Stu data, usng Laplacian techniques and optima
interpolation, smilar to the way in which AVHRR MCSSTs are assmilated. The HadlSST
andyses ae globdly complete SST and searice monthly fidds a 1° spatid resolution,
avalable one month behind time.

The steps of the processing chain are:
1. Retrieve and decode AATSR near-red-time BUFR data
2. Compute skin SST’s (10" 10) from brightness temperatures
3. Combine(10' " 10) AST datainto 0.5° * 0.5° data (if required)
4. Retrieve and interpolate (in space and time) the fluxes to drive the models of
the skin effect and diurnd thermocline, and other fidds required for qudity
contral. This can be done over the full instrument sweth.
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Qudity control incoming AATSR AST data.

Cdculate vdue of ddtaT (skin) from paameterisation of skin effect usng

model fluxes.

7. Cdculae vdue of ddtaT (sub-skin to 1Im depth) from modd of diurnd

theemocling, udng higory of fluxes to st a diurnd themodine flag if

computations show a ggnificant thermoclineislikely.

Qudity control output of skin and thermocline modes.

Write out record of bulk SST, skin SST, latitude, longitude, time, across-track

disance, detaT's qudity control information, heat fluxes brightness

temperatures.

10. Retrieve buoy data and match in space and time with AATSR data. Produce
NRT matchup file

11. Retrieve offline buoy data (eg. TOA aray) and maich with AATSR swath.

Produce offline matchup file.

o o

© ©

In addition to processing AATSR data in near red time, the same chain can dso be used for
processng ATSR-1/2 daa, offline. The flexibility of using fluxes from an NWP modd other
than the Met Officeswill beincdluded (e.g. ECMWF reandysisfidds).

9112 Ddliverablesto Validation Scientist

For vdidation purposes, including both gross and fine levels of qudity control, the Met
Office will provide the following to the VS

Time sies of regiond/globa means (and standard deviation) of the difference between
AATSR SSTs (both skin and bulk), and in Stu observations. The in Stu data are available
as pentads at 5° spatid resolution for comparison with near red time satelite deta. While
AATSR versus in gtu comparisons will be made weekly (or even daly), and potentidly
updated on the Hadley Centre webste, dtatistics will be delivered to the VS on a monthly
bass, as requested. The purpose of this comparison a the pentad resolution is to
highlight sudden gross changes in the instrument performance.

Monthly mean maps of the biagsandard deviation of the difference between AATSR
bulk SST and HadlSST. This will be a much finer comparison than the weekly checks,
and will detect not only instrument problems but dso levels of accuracy and any regiond
anomdies. Since the HadISST analyss fidds take a month to complete, the results of this
vaidation test can only be made available to the VS with at least one month's delay.

Time series of a sdected set of buoy minus AATSR SST (both skin and bulk). These will
be updated monthly, as requested, and the difference data will aso be uploaded to the
NILU database.

The exact route of data delivery to the VS is TBD. Some of the data will be published on the
externa webste. Examples of current monitoring plots for the ATOVS radiometers can be
seen at: hitp://mww.met -office.gov.uk/secs/NWP/SRAG/Daily_ATovs Monitoring/html/

The vaidation datawill enter the vaideation loop.

9113 Geographical Location
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The Met Office will vaidate AATSR data over the oceans on a globa scde subject to
avalability of globd daa from the sadlite (i.ee no blind orbits), and the inevitable
limitations of using in Stu obsarvaions

9114 Data Requirements

The Hadley Centre requires the ENVISAT AATSR Meteo Product (ATS MET 2P) in
Near Red Time (within 24 hours of measurement time).

All orbits are required.

Daawill be obtained from ESA through aroute TBD.

Addressto where data should be sent: Anne O’ Caroll
Salite Applications, NWP Divison
Met Office
L ondon Road,
Bracknell
RG12 257
anne.carroll @metoffice.com

9.1.15 I nterfaces
The PI and Co-Iswill interface with a number of parties.

Interfaces With whom Reason Timing
1 Vdidation Scientig | - For vaidation results and reports (in Monthly
Stu/satellite data matchups, maps etc.)
- Participation in Data Qudity Group Asrequired
2 DETR - Participation in PSPISAG Asreguired
3 ESA - Recelve AATSR Meteo Product Asreguired
4 NILU - Buoy /satdlite data matchups (smal data Monthly
volume)
5 RAL - Qudlity of Meteo product/validation Asrequired
9.1.1.6 Schedule

The Hadley Centre will work to the overal schedule outlined in Section 11. Up until launch,
work will be caried out coding and updating the Met. Office AATSR Near-Red Time
processor. The processor will receive cloud-cleared AATSR ABT data, cdculae the skin
SST, and apply the skin effect and diurna thermocline modd s to estimate bulk SST.
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9.1.2 Comparison of AATSR SST with buoy measurements, Murray (9095)

NB: The work of Dr Jo Murray of RAL in comparing AATSR SST measurements to buoy
measurements is considered to have the scientific importance of a core activity. Funding
constraints within DETR, however, mean that this activity will now be postponed until after
the commissioning phase, in years 2 and 3.

Principal Investigator: Dr Jo Murray
Rutherford Appleton Laboratory
Chilton
Didcot
OX11 0QX

Co-investigators: Dr Chris Mutlow
RAL, asabove.

9121 M ethodology

The work will compare AATSR data with buoy data, continuing work that has aready been
caried out with ATSR-2 data. AATSR data will adso be intercompared with other saellite
data, particularly those from microwave sensors such as the TMI and the AMSR-R.

The erors in the AATSR dataset will be identified and quantified, with particular attention
paid to the gpatio-tempord didtribution of resdua cloud contamination. The work is closdy
linked to that carried out by the UK Met. Office, and work will be carried out in conjunction
with them.

9.1.2.2 Geographical Location
The work will be carried out on agloba scae.

9.1.2.3 Data Requirements

The following products are required:
ATSR_AR 2P, full orbit product

Data needed are offline,

Transfer of data products via physcad media
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9.1.3 ENVISAT/AATSR Matchup database for SST (506)

The objective of this work is to build a database including co-temporal and co-located
AATSR and buoy obsarvations This database will provide a ussful resource for the
vdidation of SST dgorithms under awide range of atmospheric and oceanic conditions.

However, it is important to note that currently this project is limited only to establishing the
database as the work is not fully funded and can only be performed by Meteo France on a
best-efforts bass. The exploitation of the data in the database remains the subject of future
work.

Principd Invedtigator: Herve Roquet
Meteo France SCEM/CMS
Avenue de Lorraine B.P. 147
Lannion Cedex 22302
France
+33 296 056 764
+33 296 056 737
Herve.Roguet@meteo.fr

Co-Invedtigators:. Alan Brisson, CMS
Pierre Le Borgne, CMS
Anne Marsouin, CMS

9131 M ethodology

Buoy measurements made a 0.5 m depth may not be consdered ided to vdidae satelite
derived kin temperatures. Nevertheless, they are currently the only means of routindy
vaidating surface temperature on agloba scale, hence the usefulness of such a database.

The database will aso include those data (in-situ measurements and NWP outputs) necessary
to cdculate the skin-bulk converson, to support those users requiring satellite derived bulk
temperatures and to evauate the ability of AATSR to meet these requirements.

The database will be based on existing databases established at CMS for NOAA/AVHRR and
GOES-8 data. There will be three categories of source data:

I n-Stu measurements
Numerica westher prediction modd outputs
Satdlite data.

The buoy data will be collected routindy from a variety of dtes across the world's oceans
and ther qudity will be assessed againgt climatologicd vaues. In Stu data will include SSTs
and other meteorological observations, when available. NWP moded outputs will be included
to provide air temperature and humidity profiles and near surface vaues, and wind estimates.

AATSR data will be extracted at the times and locations of the in-Situ obsarvations, for boxes

of TBD dze, centred a each in-Stu location. Amongst other things, this will dlow for
various atmospheric correction smoothing techniques.
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The database will support the following applications.

Derivetion, cdibration and vdidation of SST retrieva dgorithms in a wide range of
oceanic and aimospheric conditions;

The study of specific problems, such as the effects of atmospheric aerosols or skin-bulk
conversons,

Characterisation of the SST errors from satellite and buoy measurements, prior to use in
other andys's and assmilation sysems.

The development of the AATSR match-up data base will follow as closdy as possble the
content and format of the PATHFINDER AVHRR match-up data base, documented on
http:/AMww.rsmas miami.edu/groups/rrd/pathfinder/Matchups/match_index.html.

9132 Geographical L ocation
Figure 9.1.3.2-1 shows the locations of the moored buoys to be used for this activity.
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Figure 9.1.3.2-1 Location of buoys used to create a matchup database for SST

Table 9.1.3.2-1 gives the locations of the European meteorological buoys.
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|dentifier Latitude Longitude
62029 48.70 -12.40
62081 51.00 -13.30
62105 54.90 -12.60
62106 57.00 -9.90
62108 56.60 -13.20
62163 47.50 -8.50
64045 59.10 -11.40
61001* 43.40 7.80

Table 9.1.3.2-1 Locations of the European Meteorological Buoys

* Indicates an additiond buoy, not shown in Figure 9.1.3.2-1, which has been moored in the Mediterranean Seq,
and will be of particular interest due to more frequent cloud free conditionsin this region.

Exact location information for the NOAA and TOGA arraysis TBD.

9.1.3.3 Data Requirements

512 x 512 km scenes of the following products are required routindy over each buoy
location.

ATS TOA_1P (Levd 1B TOA BT/reflectance)

ATS NR__ 2P (Levd 2 SST 1 km resolution)

Datawill be ddivered off-line. Thereisno NRT requirement.

Trandfer of data products will be viaweekly batches delivered on CD-ROM.

The use of the RA-2/MWR product RA2_ MWG 2P for water vapour content is currently
being investigated.

Addressto where data should be sent: Herve Roquet
Address as above

The default method of obtaining AATSR data for this work will be via the ENVISAT USF.
PERL scripts provided by the USF will be used to set up a standing order for 512 x 512 km
scenes over each Site.

9.1.34 I nterfaces
Interfaces With whom Reason Timing
1 USF To order ENVISAT Products TBC
2 Vdiddion Scientis | Recelve updates on the datus of TBC
AATSR Cd/Vd activities.
Send vdidation results, and report
progress of work.
9.1.35 Schedule

This work will follow the overal vdidation schedule outlined in Section 11. In paticular,
prior to the ENVISAT launch, preparatory activitieswill focus on:
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The second ENVISAT ca/va rehearsal
Familiarisation with the AATSR product format

Building the input and output interfaces around the database

Following the release of products to ca/va Pls, the database will be built on a routine bass
as AATSR data are received a CMS. Initidly data will be collected for 6 months to ensure a
representative data set. This 6 month dataset will be made available to investigators from

other scientific teams a few months later, following the completion of qudity control
procedures.
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9.2 Leve 2 ‘Spot valuesfor gridded data’

Vdidation will aso take place usng autonomous messurements from instruments on board
ships of opportunity. These will provide spot values for validating SST gridded data (GSST).

9.21 Infrared Sea surface skin temperature Autonomous Radiometer (ISAR-5-IR)
system (552)

One of the insruments that will be used for Leve 2 vdiddion is the ISAR, designed by Dr
Craig Donlon of JRC, and developed in conjunction with Southampton Universty.

Principal Investigator: Professor lan Robinson
Southampton Oceanography Centre
Universty of Southampton
Schoal of Ocean and Earth Science
Waterfront Campus
European Way
Southampton
S014 3ZH
iSr@soc.soton.ac.uk

Co-Investigators: Dr Craig Donlon,
CEC-Joint Research Centre
Space Applications Indtitute
Marine Environment Unit (TP272)
ViaEnrico Fermi
1-21020
ltay
Craig.Donlon@jrc.it

9211 I nstrumentation

ISAR is a precigon, autonomous, sdf-cdibrating infrared radiometer, cagpable of measuring
in Stu sea surface temperature (SSST) accurate to + 0.1K rmse. The ISAR-5 radiometer uses
two precison cdibration black body (BB) cavities to maintain the radiance cdibration of a
solid date infrared detector having a spectra window of 9.6-11.5mm. All ISAR-5 target
views are made using a single route optica path via a protective scan drum arrangement that
dlows the target view to be accurately postioned over a range of 180°. The BB apertures are
completely seded from direct water ingress usng a paent pending shutter mechanism
triggered by an optical ran sensor that completdy seds the ISAR-5 from the externd
environment. This is important in order to protect the instrument on deployments of up to 3
months.

The ISAR-5 system has been designed from the outset to provide a totd solution to the needs
of sadlite vdidation work. It has a dedicated fully configurable RS-485 port that can be
used to connect other sensors required to place the radiometer measurements into an ocean
amosphere context.  Included in these measurements are: bulk SST determined from a hull
mounted (mounted on the internd hull) sensor, wind speed and wind direction, solar
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radiaion, humidity and, long wave radiation. The maximum deployment of an ISAR
inrument is 3 months dthough experience suggests that the ISAR, like any other
oceanographic insrument, should be thoroughly checked a 1 month intervals for problems
and replaced as required.

9212 M ethodology

Two ISAR ingsruments will be developed, and used in tandem. At any one time, one ISAR
will be deployed on a merchant ship collecting data, and the second will be returned to the
laboratory for service, maintenance and re-cdibration.

As the vessdl continues norma operating duties, ISAR will provide measurements of SST
a 3-minute intervds. The SST data will be derived as an integrated average over a 1
minute period and include full correction for sky reflections a the sea surface, calibration
and ancillary engineering data.

If possible, data collected will be fed in near red time to SOC using the ship's e-mall
system. An automatic tape backup of each days data will be made every night. Complete
data download will depend on access to the ship and may incur a dday of up to 3 months
depending on vessel operations.

AATSR data will be ordered in advance, corresponding to ISAR’s geographic and
tempord pogition.

High resolution (1 km) AATSR data contemporaneous with vaid ISAR data are required
to peform a saisfactory vadidation study. Matchup's between SST measurements
collected by ISAR and cloud free AATSR imagery will be made at SOC. These data will
be emailed to the VS, and enter the ‘vdidation loop’. Relevant ISAR and corresponding
datawill be posted to the NILU database.

9213 Geographical Location

In the firg ingance, 1ISAR will be ingdled on the Brittany Ferry, the VA De Loire. This
operates between Portsmouth and Le Havre. Negotiations have dready underway with
Brittany Ferries, and ISAR should be ingdled for testing during the second rehearsd before
launch, April/May 2001.

While initid deployments of ISAR will focus on the European aea (Cdtic Sea, Bay of
Biscay and E. Channd), negotiations will cortinue with ferry companiesmerchant ships
operating over a wider geographical coverage. It may be posshble to operate both ISAR's
dmultaneoudy on separate feries dthough there is a risk that both ISAR's sugtaining
damaged due to extreme wegther resulting in no validation data being avalable for as repar
or replacement is undertaken.

Following the successful ectivities in the European areg, additiond ships operaing regular,
long-haul intercontinental passages will be sourced.  Idedly these should operate from
Southampton or Portsmouth facilitating access to the ship, and cal to places where project
contacts are avalable to provide maintenance and support to the ISAR sysem. Target cdls
include Miami, USA (Universty of Miami, RSMAS, Dr. P. Minnett), Sedttle, USA,
(University of Washington, APL, Dr. A. Jessup), Hobart, Tasmania (CSIRO, Dr. I. Barton). It
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will be a priority to ensure these passages include a broad range of amaospheric and oceanic
conditions dthough the condraints of ship and passage avalability may preclude optimd

passage routes.
9214 Planned Validation Activities

During the first validation rehearsa in October/November 2000, the prototype ISAR (ISAR-
01) successfully collected data for a 4-week continuous period. Following this initid
deployment, it was cdibrated against a standard black body and performed to specification.
ISAR-O1 will participate in the 2" Radiometer inter-cdibration exercise planned a the
Univergty of Miami in late Spring 2001. Following this, it is foreseen that 1ISAR-O1 will be
indalled on the VA De Loire Ferry for initid sea trids. However, it should be noted that due
to ddays in contractud arangements, 1ISAR-02 is unlikdy to be complete and avaladle for
deployment until October 2001.

Although it may be possble to provide a near red time ISAR data product via e-mal
communication, for find validation post processng of al ISAR data will be required before
matching to AATSR data In addition, eech AATSR scene will require careful interpretation
to ensure that contemporaneous data are cloud free. Experience suggedts that one of two
modes of AATSR data acquisition are preferred:

a) All data for a given (rectangular) area are archived and sent to the PI.  This mode may
work well for sndl areas such as that in which the Va de Loire will operate. While
there will be consderable redundant deta in this mode, it will ensure that al data are
available for vdidaion and provide a regular and smple data order to the PAF. This
method will dlow validation results to be published most rapidly.

b) ISAR data are processed and quality controlled. Corresponding AATSR data are
ordered based on quick look inspection for ISAR data Quick look data can be
archived and sent to the PI in the same way as method (a) above. AATSR scenes that
are consdered adequate for validation can then be ordered as required.

Experience suggests that additiond data requests are often necessary due to ship deviations
from the spatiad and tempord arangements submitted to the PAF. This will be addressed as

necessary.

9215 Data Requirements

The following AATSR data products are required:
512 x 512 scenes of ATS TOA _1P, brightness temperature and SST products for al
passes covering track of ferry operating in English Channel/Cdltic Sea/Bay of Biscay.
ATS NR 2P
ATS AR 2P
Trandfer of data products via physical media
Data volume: 2 scenes, twice per day, for 6 months during commissioning phase.
Data needed are offline.
Data from other ingruments would be hepful, such as wind speed from the radar
dtimeter, and products from MERIS, for understanding water types and amospheric
aerosol loading.
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Addressto where data should be sent

9.21.6

Professor lan Robinson
Southampton Oceanography Centre
Universty of Southampton

School of Ocean and Earth Science
Waterfront Campus

European Way
Southampton

SO14 3ZH

I nterfaces

The PI will interface with a number of parties.

Interfaces With whom Reason Timing

1 Vdidation Scientist Help with cruise planning, insrument Pre and post
ingalation and running, data acquisition. launch
Help with NILU submission Asrequired
Send vdidation results (in Stu/satellite Monthly
data matchups)
Participation in Data Qudity Group Asrequired

2 ESA USF Order and receive AATSR data Asrequired
Order and receive radar atimeter, and Asrequired
MERIS data (TBC).

3 NILU Submisson of in Stu/sadlite matchups TBC

9217 ISAR Schedule

Robinson/Donlon will work to the overdl schedule outlined in Section 11. In terms of the
two ISAR instruments, the schedule is as detailed in Table 9.2.1.7-1;

Date Activity
ISAR-1 Feb-May 2001 Find system configuration following 4 week autonomous
test at SOC
May 2001 Find instrument calibration a BNL
May-June 2001 Insrument vaidation a Miami radiometer workshop
June-July 2001 Ingtdlation of ISAR system (ISAR + Ocean and
atmosphere sensors) on M/V Va de Loire
August 2001 Tridling of AATSR vdidation operationsin English
Channel, Cdltic Sea, and Biscay, in collaboration with
Brittany Ferries.
October/November | Commencement of validation data collection
2001
ISAR-2 | April-June 2001 I nstrument procurement and congtruction phase
July 2001 Cdlibration and validation phase
August 2001 Deployment in tandem with ISAR-1 aboard Va de Loire

Table 9.2.1.7-1 Schedule for ISAR-1 and | SAR-2 activities
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9.2.2 TheRottnest Idand Ferry in Perth, Barton (9024)

Vdidaion measurements are being collected by an infrared radiometer fitted to a passenger
fary that operates on a daly bass between the Peth coast and Rottnest Idand, 25km
offshore.

Principal Investigator: Dr lan Barton
CSIRO Marine Research
GPO Box 1538
Hobart, Tasmania 7001
|lan.Barton@marine.csiro.au

Co-Investigator: Mr Alan Pearce
CSIRO Marine Research
PO Box 20, North Beach
Western Austraia WA 6020
Alan.Pearce@marine.csiro.au

9221 Instrumentation

The Rottnest 1dand passenger ferry carries a TASCO infrared radiometer (HORIBA 1T-340),
which is housed in a wel-sedled tube located in a semi-protected area near the bridge of the
ferry, as wel as a PRT sensor in the engine inteke sysem for “bulk” temperature
measurements. As the fery makes the 25 km return trip between Hillays Marina and
Rottnest I1dand, both the TASCO and the PRT temperatures are recorded together with
dateltime and a GPS postion. A second infrared radiometer has been indtdled at the CSIRO
|aboratories near the coast to sense the downweling sky radiance and thereby adlow for the
reflected sky radiance correction.

Data are automaticaly logged onto a datalogger a 10-second intervals and are downloaded
onto computer on a weekly to fortnightly bass From time-to-time, the objective lens of the
radiometer requires replacement due to sdt corroson. The infrared radiometers are
cdibrated againgt an accurate portable black body a about monthly intervals, and the bulk
temperaiure device is cdibraled agang a dandard thermometer. At times when the
conditions are not suitable, the radiometer system can be covered to avoid excess spray. The
facility will shortly be upgraded to overcome some of the operationd problems, which have
been experienced.

Wind measurements are adso avalable from shore weather dations at Hillays Marina and
Rottnest Idand.

9222 M ethodology

1 Ingrument ingallation: The TASCO radiometer is fitted to the Rottnest Idand
passenger ferry SeaFlyte, with a clear beam view of the sea It samples in the 8 to 12 um
range.

2 Validation Data Collection: The fery travds daly between Hillays Maina and
Rottnest Idand (32°S), with different schedules in summer and winter. On a typica daly
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schedule, the ferry departs at 0900 and 1430 daily, with a travel time to the Idand of 40
minutes. On the transect, the datdlogger records both TASCO and PRT measurements at
10-second intervals, and after downloading, 1-km averages are computed aong the
track.

3 Data Download: Once a week or fortnight, the instrumentation is checked and
maintained, and data are downloaded.

4 Satdlite data ordering and collection: AATSR will be ordered from the ESA User
Sarvices Fadility in advance, depending on the geographic and tempord location of
ISAR ingruments.

5 In dtu/satelite data matchups. High resolution (1km) AATSR data contemporaneous
with vaid TASCO data are required to perform a satisfactory validation study. Matchups
between SST measurements collected by the TASCO and cloud free AATSR imagery
will be made & Marmion. These data will be emailed to the vdidation scientist, and will
enter the ‘vaidation loop’. Vdidation reports will be sent to the V'S on amonthly basis.

9223 Geogr aphical Location

Vdidaion messurements will be collected in Perth, Audrdia, dong the Hillays - Rottnest
Idand transect (25 km).  Only daytime data will be collected. This is located a 31.8° S,
115.8°E to 32.0°S, 1155°E. Figure 9.2.2.3-1 shows a magp of the transect dong which
validation data will be collected.

1 15;"25' 115739 H5"45'E
W i

31°50° - ‘ ‘ Hiflarys Marina \o:

31°558"

1

22°00'5H
Rofinest island

Figure 9.2.2.3-1 Ferry transect along which vaidation datawill be collected
with the TASCO radiometer
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9224 Planned Validation Activities

The TASCO radiometer is dready ingtdled on the Rottnest Idand Ferry athough an upgrade
is currently being planned. This will reman on the fery collecting daly measurements
during the commissioning phase of ENVISAT.

9.2.25 Data requirements

The following AATSR data products are required:
ATS TOA_1P
ATS NR 2P
Trandfer of products via physica media.
Data volume: 512 x 512 scenes of ATS TOA 1P and ATS NR 2P for every daytime
pass over the ferry transect.
Data needed are offline,

Addressto where data should be sent
Dr lan Barton
CSIRO Marine Research
GPO Box 1538
Hobart, Tasmania 7001
|lan.Barton@marine.csiro.au

9.2.2.6 I nterfaces
The PI will interface with a number of parties.

Interfaces | With whom Reason Timing
1 Vdidaion Scientis | - Help with NILU submission Asrequired.
- Send vdidation results (in stu/satdlite Monthly
data matchups)
- Participation in Data Qudity Group Asrequired
2 USF . Order and receive AATSR Data TBC
3 NILU - Weekly uploads of ferry data, approx. 50 Wesekly
Kbytes.
9.2.2.7 Schedule

Vdidation data collection on board the Rottnest Idand Fery will follow the overdl
validation schedule described in Section 11.
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9.2.3 Thewave-piercing ferry in Townsville, Barton (9024)

Vdidation messurements will be collected usng an infrared radiometer fitted on a wave-
piercing catamaran ferry.

Principal Investigator: Dr lan Barton
CSIRO Marine Research
GPO Box 1538
Hobart, Tasmania 7001
|lan.Barton@marine.csiro.au

Co-Investigator: Dr William Skirving
PMB No. 3
TownsvilleMC
Queendand 4810
w.skirving@ams.gov.au
9.231 I nstrumentation

An infrared radiometer system, based on an Everest radiometer, has been developed by the
Audrdian Inditute of Marine Science (AIMS). It has in-built black body targets, and is
ingaled on the Pure Pleasure Fearry (Figure 9.2.3.1-1), which operates between Townsville
and Kedso reef on the Great Barrier Reef. The ship design dlows an dmogt verticd view of
the sea surface which is undisturbed by the ferry's wake. A view of 30 degrees to the verticad
is usad to ensure that reflections from the ship do not contaminate the reflected sky radiance.
The ferry dso caries a bulk temperature measuring system, and surrounding buoys provide
measures of ar and sea temperature, wind and solar radiance every 30 minutes. Currently,
the sky radiance is caculated usng an amospheric transmisson mode with radiosonde data
from Townsville arport, which is dose to the coast. Radiosondes are launched at
goproximately 0900 locd time dally.

AIMS ae working on a new radiometer system, which is based on the old sysem but has

advanced features such as advanced black body units and a same-day data collection
capahility via an automated mobile phone. This should be ready in time for AATSR launch.
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AATSR Vdidation Implementation Plan
PO-PL-GAD-AT-005 (3): Version 1

Figure 9.2.3.1-1: The ‘Pure Pleasure Ferry’ that operates between Townsville and the Kelso
Resf, and carries an infrared radiometer designed to collect measurements for the calculation
of sea surface temperature.

Figure 9.3.2.1-2: The Everest Radiometer fitted to the bow of a catamaran
operating from Townsville to the Great Barrier Resf.

9.2.3.2 M ethodology
1. Instrument ingallation: The Everes radiometer is fitted to the bow of the Pure
Peasure Ferry.

2. Validation Data Collection: The Fery travels from Townsville to Kelso Redf, a
distance of 90 km at between 9.00 and 11 am every day, 5 or 6 days a week. On the
transect, the radiometer records measurements a 8-14mm wavdengths a dngle

36



9.233

waveband intervas. The sysem averages over one minute. A buk SST
measurement, a pyrgeometer output and locd radiosondes give an  emissvity
correction.

Data Download: Once a week, the insrumentetion is checked and maintained, and
data are downloaded daily.

Satellite data ordering and collection: AATSR will be ordered from the ESA User
Services Facility in advance, depending on the geographic and tempord location of
ISAR ingtruments.

In dtu/satellite data matchups. High reolution (1km) AATSR daa
contemporaneous with valid Everet data are required to perform a satisfactory
vadidation sudy. Matchups between in stu SST measurements and cloud free AATSR
imagery will be made @ AIMS. These data will be emailed to the vdidaion scientid,
and will enter the ‘vadidation loop’. Vdidation reports will be sent to the VS on a
monthly basis.

Geographical Location

Vadidation measurements will be collected on a 90km transect between the Audrdian coast
a Townsville and the Great Barrier Reef. This is a 19.2 Sto 185 S dong 147.0 E. During
the audrd winter months, this area has an extremdy low leve of cdoud cover, which will
ensure that many data coincidences between ship and satdllite data occur.
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Figure 9.2.3.3-1 Location of the vdidetion activities operating from Townsville
to the Greet Barrier Redf.

Planned validation Activities

Data from the Everest radiometer are aready being collected and used for the vaidation of
SST measurements from ATSR-2. This activity will continue with AATSR on ENVISAT.
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9.235

Data requirements

The following AATSR data products are required:

ATS TOA_1P
ATS NR 2P

Trandfer of products via physica media.
Datavolume 512 x 512 scenesof ATS TOA_1Pand ATS NR_2P for every daytime
pass over the ferry transect.
Data needed are offline,

Addressto where data should be sent
Dr lan Barton
CSIRO Marine Research
GPO Box 1538
Hobart, Tasmania 7001

9.2.3.6

I nterfaces

The PI will interface with a number of parties.

Interfaces With whom Reason Timing

1 Vdidation Scientist Help with NILU submission Asrequired.
Send vaidation results (in Stu/satdllite Monthly
data matchups)
Participation in Data Qudity Group Asrequired

2 USF Order AATSR Data TBC
Receive AATSR Data

3 NILU Weekly uploads of ferry data, approx. 50 Wesekly
Kbytes.
Downloads of data from other vaidation Asrequired
EXErcises.

9.237 Schedule

Vdidation daa collection from Townsville will follow the ovedl vaidaion schedule
described in Section 11.
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93 Level 3: Precision M easur ements

On the third levd, vaidation will take place usang radiometers, specificaly desgned to take
measurements of a high precison. These instruments are generally not autonomous and as a
consequence, provide fewer data points and a limited coverage. Data, however, are very
accurate, and supplements informeation given from Level 1 and Leve 2 vaidation activities.

9.3.1 SISTeR, Nightingale (552)

S STeR has been used to validate SST measurements from ATSR-2 for a number of years, and
this activity is considered part of the core AATSR validation programme. However, financial
constraints within DETR mean this work is not currently funded for the commissioning
phase. This matter isunder review. TBC.

SISTeR is a precison radiometer developed by Dr Tim Nightingale of RAL. It has been used
for the validation of ATSR and ATSR-2 data, and will be involved in making measurements
for vdidating AATSR. For more information on SISTeER, see hitp:/ww.atsr.rl.ac.uk/validation/,
and the references listed below.

Principal Investigator: Dr Tim Nightingde
Space Science and Technology Department
Rutherford Appleton Laboratory
Chilton, Didcot
Oxon, OX11 0QX
T.J.Nightingae@rl.ac.uk

Co-Investigators: Dr Chris Mutlow, RAL
Dr Marianne Edwards, University of Leicester
Dr Craig Donlon, JRC

9311 I nstrumentation

The Scanning Infrared Sea surface Temperature Radiometer, SISTeR, is a compact and
flexible, sdf-cdibrating radiometer, <specificdly desgned for research in a maitime
environment. It measures approximately 2 x 20 x 40 cm, and weighs about 20kg. SISTeR is
shownin Figure8.3.1.1-1.
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Figure 9.3.1.1-1: The SISTeR radiometer and supporting equipment (taken from
http:/Aww.atsr.rl.ac.uk/validation/sister/sis inst/)

The ingrument is divided into three compartments containing the foreoptics, the scan mirror
and reference black bodies, a smdl format PC with signa processing and control eectronics.
The foreoptics compartment contains a DLATGS pyrodectric detector and preamplifier,
mounted onto an assembly containing a concentric 6 podtion filter whed and a black rotating
chopper. The filter whedl contains three narrow-band filters centred a 3.7um, 10.8um and
12.0um, maching those in the ATSR instruments. The beam is chopped a 100Hz, a
compromise between the optimum noise performance of the detector and a fast filter response
in the sgna processng chain. The man opticad eement is an dlipsoid mirror, by which the
detector can view a45° scan mirror through an anti-reflection coated ZnSe window.

All externd radiance measurements are cdibrated usng two interna black bodies, operated
a ambient temperature and a a programmable increment (typicaly 10 K) above ambient
temperature. Each black body contains an embedded rhodium iron thermometer and is
cdibrated complete againgt a sandard thermometer. External views can be programmed in
fineincrements a anglesin arange spanning 180° from nadir to zenith.

93.1.2 M ethodology

1. Ingrument development and testing: SISTeR has been used on a number of
vdidaion campaigns dready, collecting vdidation data points for the ATSR-2
indrument. Between deployments, the ingrument undergoes extensve cleaning and
maintenance, and cdibration activities.

2. Organisation of cruises/negotiation with ships-of-opportunity: Negotiations with
ships-of-opportunity take place, making use of both pre-exising contacts and new
opportunities. Cruise avalability and the participation of SISTER ae confirmed.
Ancillary ingruments that will be needed are identified, and acquired (by purchase,
loan or hire).

3. Ingrument packing and shipping: SISTeR is packed and aranged for shipping,
with al required documentation, a times and places agreed with the cruise operator.

4. Indgallation: The SISTeR is generdly mounted as far forward and as high as posshble
on the hogt ship, so that it is cler of "green water” and spray, and can view
undisturbed water forward of the bow wave. Where possible, the viewing angle to the
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sea is kept within the range 15° - 40° from nadir. The indrument also requires a clear
view to the sky a the complementary angle from zenith.

The SISTeR is equipped with a quick rdease mount and is provided with a smal
turret, to which a mating bracket is atached. The turret should be mounted on a
horizontd surface with a peattern of eight holes. A smal horizonta plaform, with the
pattern pre-drilled, is dso available and can be attached to handrails with U-balts.

The SISTeR requires 24V DC power and serid data connections. Insirument data are
logged remotely on a laptop PC. Waterproof power supplies, serid modems and cable
sts are avaladle for runs of 100m or more with terminations for a variety of mans
outlets.

. In gditu data collection: The SISTeR makes continuous measurements throughout the

cruise, unless severe weather prevents data collection (in this ingtance, the instrument
is covered to protect it). Typicdly, SISTeR radiances are sampled every 0.8s with the
10.8um filter. Skin SSTs are cdculated from the upweling ocean radiance samples,
corrected for a smdl reflected sky radiance term with the complementary sky
samples. Over a fla sea suface and for a narow filter function, the upweling
radiance can be approximated closdly as

R up=B(SST) +(1- e R_down

where R_up and R_down are the upwdling sea and complimentary downwelling sky
radiances, e is the emissvity of the sea surface and B(T) is the Planck function, each
integrated over the ingrumentd filter function and fidd of view. R_up and R_down
are measured directly by the SISTeR, and so0 the term B(SST) and hence the skin SST
can be retrieved from these. The data are andysed on board and are available at the
end of the cruise for comparison to satellite data. If urgently required, smdl amounts
of data can usudly be supplied whil¢ a sea Supporting measurements of loca
meteorologica parameters, bulk sea surface temperature and balloon-sonde profiles of
atmospheric state will provide avauable context for the skin SST data.

SISTeR Operation: All aspects of the SISTeR indrument, from the scan mirror
pogition to the detector signal are accessble through variables defined in a C library.
Control programs of arbitrary complexity can be written, but generdly just a few lines
of code are needed to define a scan sequence. When a control program is running, the
complete instrument Sate is tranamitted over a serid link to a laptop ground tation
after every measurement. All SISTER measurement sequences contain  repeated
measurements of its two internal black bodies. In addition, to caculate the skin SST,
the SISTeR is progranmed to make measurements both of upweling radiances from
the sea surface and complementary downwelling sky radiances.

In the SISTeR longwave channels, the measured noise temperature for a 1 second
sample at typica SSTs is less than 30mK. Measurements of an externd CASOTS
black body before, during and after a typica one-month vaidaion campaign showed
that the SISTeR cdibration remained repeatable to better than 20mK, even though the
scan mirror finish had deteriorated noticeably over the same period.

. Satellite data ordering and collection: AATSR data will be order from the ESA
User Services Facility in advance, depending on the cruise track.

41



7.

9.3.13

In Stu/satellite data matchups. High resolution AATSR data contemporaneous
with vdid SISTeR daa ae required to peform a saisfactory vdidation <udy.
Matchups between SST messurements collected in Stu and cloud-free AATSR data
will be made by Tim Nightingale a& RAL. These data will be reported to the
vaidaion scientist, and will enter the vdidation loop. After the AATSR SODAP, and
during the commissoning phase (2-6 months after launch), vdidation reports will be
be sent to the VS on a monthly basis. Post-commissioning, vaidation reports will be
sent bi-monthly. The PI will be invited to paticipae in the Daa Quaity Group as

appropriate.
Geographical Location

Idedlly, SISTeR will collect data on a globa scae. Precise location will depend on the cruises
that can be undertaken, and the avallability of funding and berths.

9314

Planned Validation Activities
Indian Ocean: The NERC vesH, the Charles Darwin, will be in the Indian

" Ocean from 16 November 2001 to 14" December 2001. It will travel from

Muscat, Oman to Durban. The dtraight transect will take 15 days, and any
remaining time can be spent directing the boat as required (i.e. to cover as
many as possble ENVISAT/ERS-2 overpasses). Adrian New a Southampton
Oceanography Centre has expressed an interest in being Principal Scientist for
the cruise, working closdy adongsde Leceser Universty and RAL to
optimise the cruise for ENVISAT vdidation. At the present time, the cruise is
being assessed for the probability of cloud cover, and the coincidences of
ERS-2/ENVISAT overpasses.

. AMT: The Atlantic Meridional Transect operates taking supplies down to

Antartica. SISTeR has participated in the AMT twice before, once in 1996 and
once in 1998 (see http://ww.ats.rl.ac.uk/vaidation/index.shtml). In 1998,
the Rutherford Appleton Laboratory, in collaboration with the Colorado
Center for Agrodynamics Research (CCAR, USA), the Southampton
Oceanography Centre (SOC, UK), and the European Joint Research Centre
(JRC, Itdy), made a series of atmospheric and oceanic measurements from the
RRS James Clark Ross, dong a transect from Grimsby in UK to the Fakland
Idands. These measurements were made as a part of the Atlantic Meridiona
Transect/Radiometric Observations of the Sea Surface and Atmosphere (
AMT-7/ROSSA98) joint experiment, operated by the Plymouth Marine
Laboratory (PML, UK) and the British Antarctic Survey (BAS, UK). The
AMT will run again in September 2001.

NB: Due to the new launch date of Envisat, both of these cruises are now outside the
timeframe needed for validation, occurring before the Envisat launch and the end of the
AATSR SODAP. Due to this reason, no cruises are currently scheduled, but work
investigating cruise opportunitiesin early 2002 is being carried out.

9.3.15

Data Requirements

The following AATSR data products are required:

ATS TOA_1P
ATS NR 2P

42



ATS AR 2P
Approximately 20 overpasses per cruise

No requirement for NRT data

Addressto wheredata should be sent:

Dr Tim Nightingale
Rutherford Appleton Laboratory
Chilton
Didcot
OX11 0QX
9.3.1.6 I nterfaces
The Pl will interface with anumber of parties:
Interfaces With whom Reason Timing
1 Vdidaion Scientist Help with cruise planning, insrument Asrequired
ingalation and running, data acquistion.
Help with NILU submission
Send vdidation results (in Stu/satellite Monthly
data matchups)
Participation in Data Qudity Group Asrequired
2 USF Order AATSR Data As necessary
Recelve AATSR Data < 3weeks,
post data take
3 NILU Upload SISTeR data, meteorologica data, Post-cruise
balloon-sondes, bulk temperature data
Download additiona wind speed data
9.3.1.7 Schedule

There ae currently no vaidation cruises planned for SISTeR but work investigating
opportunities is continuing. Any activities that do take place will fit into the overal vaidation
schedule outlined in section 11.

9.3.1.8

References

C.J. Donlon, T. Nightingde, L. Fielder, G. Fisher, D. Bddwin and |I.S. Robinson 1999: The
cdibration and intercdibration of sea-going infrared radiometer systems usng a low cost
blackbody cavity, J. Atmos. Oceanic Technol., 16, 1183-1197.

C.J. Donlon and T.J. Nightingde, 2000: Effect of amospheric radiance errors in radiometric
sea-surface skin temperature measurements. Applied Optics, 39, 2387-2392.
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9.3.2 M-AERI, Minnett (590)

Globd Vdidaion of AATSR SST's will be vaidated using precison measurements taken
with the M-AERI, as described in A/O proposd 590. The work is done in conjunction with
vaidation activities for the infrared sensors on the EOS platforms (ASTER and MODIS) and
the AVHRR series.

Principal Investigator: Dr Peter Minnett
Rosengtid School of Marine and Atmospheric Science
Meteorology and Physical Oceanography
Univergty of Miami
4600 Rickenbacker Causeway, Miami 33149
pminnett@rsmasmiami.edu

Co-Investigators: Dr Otis Brown, RSMAS-MPO
Dr Jm Butler, NASA GSFC
Dr Craig Donlon, JRC
Dr Bill Emery, University of Colorado
Dr Baob Evans, RSMAS-MPO
Dr Smon Hook, NASA JPL
Dr Andy Jessup, University of Washington
Dr Carol Johnson, NIST Gaithersburg
Dr Bob Knuteson, University of Wisconsin
Dr Frank Paluconi, JPL
Dr Joe Rice, NIST Gaithersburg

Dr Goshka Szczodrak, RSMAS-MPO
Dr Gary Wick, University of Colorado

9321 I nstrumentation

The primary indrument that will be used to collect vaidation measurements is the M-AERI
(Marine Atmosphere Emitted radiance Interferometer). The M-AERI is a robust, accurate,
«df-cdibrating, sea-going Fourier-trandform  interferometric infrared  Spectroradiometer  that
is deployed on marine platforms to measure the emisson spectra from the sea surface and
maine amosphere (Minnett et al. 2001). The environmenta vaiables derived from the
gpectra include the surface skin temperature of the ocean, ar temperature and surface
emissvity. Use of the M-AERI for the vdidation of sadlite-derived surface temperature
fields, and the study of the physics of the skin layer has been extensve. The instrument has
been deployed on numerous research cruises. In January 2000, it could be reported that on no
occasion had data collection been erminated by an ingrument falure (Minnett et al., 2001).
Other radiometers, operated by some of the the Co-Invedtigators, will provide data in a
gmilar fashion to the M-AERI. While not providing the spectra information available from
the M-AERI, these indruments make messurements in spectra intervas defined by filters
that correspond to the window channds of the AATSR. These radiometers are dso well
cdibrated to provide accurate skin SST from ships.

The key instrument parameters of the M-AERI system are given in Table 9.3.2.1.



Scan Time 1 second in each direction

Spectral Coverage 5.5-18.2nm, 550-1800 cmt
3.3-5.5mm, 1800-3000 cmit

Spectra Sampling 048 cm™

Ingrument fidd- of-view 45 mrad (full angle)

Dimengons 116cmL x7lecmW x 76 cmH

Mass (sensor) 93 Kg

Power (system) 1 KW maximum (approx.)

Table 9.3.2.1 Key instrument parameters of the M-AERI system

The M-AERI operates in the range of infrared waveengths from 3 to 18 mm, messuring
spectra with a resolution of 0.5 cmi™. Two infrared detectors are used to achieve this spectral
range, and these are cooled to 78K by a Stirling cycle mechanicd cooler to reduce the noise
equivdent temperature different to levels wel bdow 0.1K. The M-AERI includes two
interna black body cavities for accurate real-time cdibration. A scan mirror directs the fied
of view from the interferometer to ather of the black body targets to the environment from
nadir to zenith. The mirror is programmed to sep through a pre-sdected range of angles,
viewing ether the amosphere or the sea surface. The interferometer integrates measurements
over a pre-sdected time interva, usudly a few tens of seconds, to obtain a satisfactory signd
to noise ratio, and a typicd cycle of measurements (two view angles to the atmosphere, one
to the ocean, and calibration measurements) takes about 5 minutes. Fitch and roll sensors on
the M-AERI mean the influence of the ship's motion on the measurements can be
determined.

Ingtrument Operation: The M-AERI runs continuousy under computer control, except for
a brief period a midnight UTC when the computer reboots and undertakes some
housekeeping tasks. This ensures that there is enough disk space for the new day’s data. In
the event of a shortage in disk space, the system will automaticaly deete the oldest day’s
data. It is thus important that an operator saves data to CD or tape on a regular basis to
prevent data loss. Some data loss will occur in the event of heavy rain or sea Sray. The
mirror must remain cdean and dry in order for the M-AERI to provide the required
measurements. A rain sensor ensures that the mirror is moved into a ‘saf€é podtion in the
event of light rain and spray. During heavy rain, the M-AERI is covered for protection.

Data Flow: In addition to interferometer data, a comprehensve set of housekeeping data are
collected from the blackbody subsystem, the mirror controller, the environmental monitors
(temperature, humidity, pressure and precipitation), a globd postioning sysem location and
an inclinometer. The housekeeping data are sampled (200 average sample) and recorded at 5
second intervals. These are invauable for validation and data analysis.

9322 M ethodology

In the following discusson, the operationa methodology given here for the M-AERI, will be
applied, where gppropriate, to the radiometer deployments organized by the Co-Investigators.

1. Instrument development and testing: the MFAERI has now been used on a number of
data collection exercises, and is consdered proven in its ability to measure SST to an
accuracy of <0.1K. Periodicaly the M-AERI is brought together with smilar instruments,
such as those of the Co-Investigators and the SISTeR (UK) and the DARO11 (Austrdia),
for cross-comparisons and calibration checks againgt reference black body targets.
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I. Intercalibration at Miami, 1998: One such inter-comparison took place in the form
of a workshop, held at RSMAS in March 1998. The purpose of the workshop was to
provide a framework in which invedigators usng infrared radiometers,
spectrometers and imaging devices could come together to compare instruments,
cdibration targets and measurement protocols. This would ensure consgtent and
accurate datasetsfor future use in  vdidaing infrared retrievds of surface
temperature over land and sea.

An ingrument platform to support remote sensing and meteorologicd  instruments
was congructed on the roof of themarinescience  centre & RSMAS. A 15m high
meteorological tower next to the instrument platform provided data on wind speed
and direction, ar temperaiure and humidity, downweling long and short wave
radiation. Foats in the water in front of the building provided a near surface in Stu
surface temperature. Instruments were compared to each other and to internationally
recognised black body calibration targets.

Results of the 1998 inte-comparison workshop can be found a
http:/AMww.ramasmiami.eduir and has been reported by Kannenberg and Paluconi,
1998 (Kannenberg, R., and F. Pdluconi, Joint Rosengtid School of Marine and
Atmospheric Science (RSMAS) Committee on Earth Observation Satellites (CEOS)
Vdidation Workshop, The Eath Observer, 10 (3), 3842, 1998;
http://eospso.gsfc.nasa.gov/eos observ/5 6 98/may_jun98.html). Comparing M-
AERI to a blackbody mantaned by the Nationd Inditte of Standards and
Technology, for example, an eror andyds indicated that the absolute accuracy of
M-AERI sea surface skin temperatures does indeed meet or exceed the design god
of 0.1C absolute accuracy (Minnett et al., 2001).

ii. Intercalibration at Miami, 2001. A second internationd infrared radiometry
workshop and inter-comparison will teke place a the Rosengtid School of Marine
and Atmospheric Science, Univergty of Miami, from May 29 to June 1, 2001. The
workshop, coordinated by Dr P. Minnett of RSMAS and Dr lan Barton of CSIRO,
will build on the firg workshop and in addition to laboratory facilities, a NIST-
certified blackbody cdibration target and roof-top platform, will include one or two
days on the RNV WadtonSmith. This will ensure the radiometers can operate
accurately and consgtently under sea conditions, as well asin the laboratory.

Table 9.3.2.2-1 detalls the candidate infrared radiometers for the second inter- comparison.
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I nstrument Institution P.l
M-AERI RSMAS, U.Miami P.Minnett
SISTeR RAL, UK T.Nightingde
DARO11 & DARO10 CSIRP, Audrdia |.Barton & F.Prata
CIRIMS APL, U. Washington A. Jessup
ISAR-5 JRC, EEC C.Donlon
New radiometer AIMS, Audrdia W.Skirving

New radiometer

NOAA, U. Colorado

J.Shaw & W.Emery

Off-the-shelf radiometers, eg.

TASCO's, Everests, Heimanns

Various

Frank Paluconi et al.

Infrared imagers

APL, U.Washington

A.Jessup

Table 9.3.2.2-1 Candidate instruments for the Miami Intercomparison, May 2001

The candidate black bodies for the inter-comparison are given in Table 9.3.2.2-2.

Instrument Ingtitution P.I
NIST-Certified/NIST designed black body RSMAS, U.Miami P.Minnett
target

NIST-Certfied/NIST designed black body APL, U.Washington A.Jessup
target

CSIRO Portable black body CSIRO, Audrdia A.Barton
CASOTS Black body JRC, EES C.Donlon

JPL black body calibrator NASA-JPL’s Frank Pdluconi

Table 9.3.2.2-2 Candidate Blackbodies to be used during the Miami Intercomparison, May
2001.

. Organisation of Cruises/ Negotiation with ferries/ships-of-opportunity. RSMAS has 3
M-AERI ingruments that will be used on vaidations. Specific detaills of campaigns are
mentioned in Section 9.3.24. Recent negotiations have led to the ingalation of a M-
AERI on the Royd Caribbean cruise ship, the ‘Explorer of the Seas, in October 2000.
Continuing negotiation and internationd liaison has enabled participation in  cruises
worldwide in the past, and this will continue throughout 2001/2002.

I nstallation. Once negotiations are completed, the M-AERI isingdled on the vessd.

In Situ Data Coallection. As the vessel continues norma operating duties, the M-AERI
makes measurements as described above. On shorter cruises such as the weekly cuise of
the Explorer of the Seas, the indrument can be left to run dmost autonomoudy, with little
technica assistance needed. Data are downloaded on a weekly bass as the boat comes
into port in Miami. On longer cruises, a dedicated technician/scientist accompanies the
indrument on the cruise, maintaining it and ensuring data are collected.

Interferometer and housekeeping data are collected together. The merged data stream is
recorded in a customized data format (DMW, developed a the University of Wisconsn).
After creation of the DMW format data files, a sequence of FORTRAN language modules
are executed. 5 processing steps are performed on the raw data.

A correction for detector nonlinearity is applied to the longwave band.

47



The forward and backward Michelson scans for each of the longwave and shortwave
bands are calibrated individualy.

The forward and backward scans are averaged for each band.

A finite field of view correction is applied to each caibrated spectrum.

The spectra are resampled to a standard wave-number scde common to dl M-AERI
systems.

5. Satelite data ordering and collection: AATSR will be ordered from the ESA User
Services Facility in advance, depending on the geographic and tempord location of M-
AERI and filter radiometers.

6. In gtu/satdlite data matchups. High resolution (1km) AATSR data contemporaneous
with vaid M-AERI and radiometer data are required to perform a satisfactory validation
sudy. Matchups between SST measurements collected by M-AERI and cloud free
AATSR imagery will be made a RSMAS. Smila measurements made by the Co-
Investigators will be collated a& RSMAS. These data will be emalled to the VS, who will
be responsble for ther andyss and for feeding them into the ‘vdidaion loop'.
Validation reports will be sent to the VS on amonthly bass.

9.3.2.3 Geogr aphical Location

Idedlly, M-AERI and other ingruments will vaidate SST measurements from AATSR on a
globd scde Paticular attention will be pad to cgpturing the full range of amospheric
variadility from the polar to equatorid zones. For the ocean, emphasis will be placed on
deployments on long trans-oceanic quas-meridiond sections in the Pacific and Atlantic
Oceans, and targeted campaigns in regions of known ‘difficult’ conditions, such as the
outflow of continenta aerosols.

As explaned in Section 9.3.24, a the present time, possble vdidaion activities include
vdidation data collection in the East Caribbean, Pacific and Arabian Sess.
9.3.24 Planned Validation Activities and Specific Cruises

RSMAS has three M-AERI ingruments, which will be used on vdidation campagns. The
deployment of each of these instruments for 2001 is shown in Figure 9.3.2.4-1. With a launch
date of October 2001, deployments in December are dgnificant for AATSR vaidation.
Deployments for 2002 have not been decided yet.
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2001 - AATSR M-AERI Validation Cruises

12 3 4 5 6 7 8 910 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 Comments
Xplorer of the Seas
Polar Sea - W. Arctic

Justo Sierra- NAME
Ewing -Med to Indian Ocean

Jul

Explorer of the Seas
Polar Sea - W. Arctic

Aug

Ewing -Med to Indian Ocean

Explorer of the Seas

Ewing -Med to Indian Ocean

Oct
EXplorer of the Seas
Polar Star - Pacific

Nov Urania- Naples
Explorer of the Seas
Polar Star - Pacific

Dec Urania - Naples

1 2 3 4 5 6 7 8 910/ 11 12 13 14 15 16 1718 19 20 21 22 23 24 25 26 27 28 29/ 30 31

JEEREE)]  vAcRi-z | MAERIS| | Unassigned I port or transit Uncertainty in dates

Figure 9.3.2.4-1 MAERI vdidation cruisesfor AATSR, 2001

49



Royal Caribbean CruiseLine Ship

Onre of the M-AERI instruments is deployed on board the Roya Caribbean ‘Explorer of the
Seas Cruise ship. Beginning on 28" October 2000, Explorer of the Sess sails a weekly
sevenrnight eastern Caribbeen itinerary from Miami, down to Haiti, Puerto Rico, US Virgin
Idands, Nassau in the Bahamas and back across the Gulf Stream. The ship docks in Miami
every Saurday dlowing scientids to download data and maintain the indrument. The M-
AERI was inddled on the ship in November 2000, and the collection of sea surface
temperature measurements is dready underway. Experience throughout the pre-launch period
should ensure the successful collection of vdidation points throughout the commissioning
and post-commissioning phases. For more details see http:/Awww.rsmas.miami.eduw/rccl/.

- Resear ch Vessels/Ships of opportunity

The other two M-AERI ingruments will be deployed episodicaly on research vessds and
ships of opportunity throughout the commissoning and post-commissoning phases of
ENVISAT.

USCGC Polar Star: Panned activities during the ENVISAT misson indude a continuing
series of deployments on US Coast Guard ice-breakers on trans-Pacific sections from Seettle
to Audrdia (USCGC Polar Star as identified in Table 9.3.2.4-1). These are made twice each
year as the ship goes south to assist n the re-supply of US Antarctic stations. These sections
take between four and twelve weeks, depending on the route and the other work being done
in the Pacific, and cover a wide range of mid-latitude, tropica and equatorid conditions.
Usudly these ships do an additiond cruise in the Arctic in the bored summer, which provide
an opportunity to make measurements in polar conditions. More information on the polar star
can be found at: http://www.polarstar.org/ .

. . Departure | Departure Arriva Arriva
Project name Ship Date Port Date Port Comments
Royd Carribean Explorer of Every Miami Every Miami 7 day cruisssin
theSees Saurday Saurday Eagtern Carribean.
Saturday to
Saturday .
North American Monsoon  |[R/VJusto Veracruz, 26 July Veracruz, .
Expt. Sera 6uly2001 |\ieico 2001 Medico | WVestem Carribean
Western Arctic U SCGC Early July? [Sedtle Mid Seditle
Polar Sea August?
Eagtern Mediiterranean, R/ Ewing 31 duly Pireus 5 Sept Djibouti May continue on to
Red Seg, Gulf of Aden Perth, Western
and Arabian Sea Audrdia
MODIS Initidisation RV Thomas |21st SnDigp [ Sedttle Off Bga
Cruise G.Thompson  |November December Cdifornia
Pacific Transect USCGC ?November  [Seettle ?December  |Audtrdian
Polar Star 2001 Port
Western Mediterranean R/ Urania 2December  |Naples 24 Naples Collaboration with
(details) December Indtitute of
(picture) Atmospheric
Physics, Rome.

Table 9.3.2.4-1: Possble AATSR Vdidation Cruisesin 2001 for the M-AERI
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Figure 9.3.24-2 shows the tracks of past and planned M-AERI cruises This figure is
regularly updated and is available at http:/Aww.ramas.miami.edu/ir/meaeri_cr.gif.

Done in 1989

Done in 1997
Done in 1998

BON
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ﬁ :

A0°N 1 .

120°E 180° 120°W B0"W 0° BOE
Figure 9.3.2.4-2: Schematic representation of the cruises, completed and planned, for the
Universty of Miami’'s M-AERI systlems

9.3.25 Data Requirements

The following data products are required:
ATS TOA_1Pfull resolution or ATS NR_2Pfull resolution
512 x 512 scenes coincident with ship tracks

Daa needed is offline, just after vdidation cruises Some data (that covering the Royd
Caribbean cruise track) is required continuoudy. No Near-Redl- Time data are required.

Primarily scenes products located over the ships are required. Additiondly full orbits of
data for comparison with AVHRR Pethfinder and MODI S are needed.

Addressto where data should be sent:
Dr Peter Minnett
Rosengtid School of Marine and Atmospheric Science
Meteorology and Physical Oceanography
Univergaty of Miami
4600 Rickenbacker Causeway, Miami 33149
pminnett@ramas.miami.edu

0.3.2.6 I nterfaces
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The PI will interface with a number of parties.

Interfaces With whom Reason Timing
1 Vdidation Scientist Hep with cruise planning, instrument Asrequired
ingtallation and running, data acquigition.
Help with NILU submission
Send validation results (in situ/satellite deta Monthly
matchups)
Participation in Data Qudity Group Asrequired
2 USF Order AATSR Data As
Receve AATSR Data necessary
3 NILU Upload one smdl file per day per M-AERI TBC
ingrument when operating.
Download other cruise vdidation data (i.e Asrequired
from SISTeR, ISAR, DAR011).
9327 Schedule

Vdidation data collection usng the M-AERI will follow the schedule outlined in Section 11,
and Figure 9.3.2.4-1.
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9.3.3 DARO011, Barton (9024)

Validation activities from Hobart are being conducted by Dr lan Barton, CSIRO. A precison
radiometer, the DARO11, will be operated on board research ships-of-opportunity, such as the
RV Franklin.

Principal Investigator: Dr lan Barton
CSIRO Marine Research
GPO Box 1538
Hobart, Tasmania 7001
|lan.Barton@marine.csiro.au

9.33.1 Instrumentation

The insdrument being used for validation measurements is the DAR 011 radiometer, built by
CSIRO (see Figure 9.3.3.1-1). This indrument benefits from a long heritage and performs
extremey well. The instrument was cdibrated againg the USA NIST standard in 1998, and
further cdibration and comparison againg other standards and ingruments are planned. The
DARO11 radiometer was operated aongsde the M-AERI indrument on the USCGC Polar
Star during March 2000, and good agreement between the two instruments was found. Bulk
temperature is obtaned from a wdl-cdibraed thermosdinograph, which operates
continuoudy.  Full meteorological data are available including radiosonde launches at
satdlite overpass times when the skies are free of clouds.

Figure 9.3.3.1-1: The DARO11 radiometer, mounted on the RV Franklin, used for validation
activities based in Hobart. (Photograph from CSIRO)
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9.3.3.2 M ethodology

1. Instrument development and testing: the DARO11 has now been used on a number of
data collection exercise. It was involved in the intercdibration exercise in Miami in
1998, and will be involved in the second exercisein 2001.

2. Organisation of Cruises Negotiation with ferries/ships-of-opportunity. The Research
Vesd, the Franklin, operates in Audrdian wates It has a full complement of
oceanographic and meteorologicd insrumentation that provides the supporting marine
and atmospheric data needed for andyss The frequency of cruises is determined by berth
availability, ship schedule and funds to cover trave, ship time and at-sea alowances.

3. Ingallation. Once negotiations are completed, the DARO11 isingtdled on the vessd.

4. In Situ Data Coallection. The DAR011 makes continuous measurements throughout the
cuise. Radiosondes are launched as satellite overpass times when the sky is free of
clouds. The radiometer views the sky on a regular bads to ensure that an accurae
correction can be applied © account for the non-unity emissvity of the sea surface. The
data are andysed on board and are available at the end of the cruise for comparison to
satdlite data If required urgently, smdl amounts of data can be usudly supplied via the
internet whilst at sea.

5. Satellite data ordering and collection: AATSR will be ordered from the ESA User
Savices Fadllity in advance, depending on the geographic and tempord location of
DARO11 instrument.

6. In dtu/satelite data matchups. High resolution (1km) AATSR data contemporaneous
with vaid DARO11 data are required to perform a satisfactory validation study. Matchups
between SST measurements collected in Stu and cloud free AATSR imagery will be
made a CSIRO, Hobart. These data will be emailed to the vaidaion scientist, and will
enter the ‘validdion loop’. After the AATSR SODAP and during the commissoning
phase (2-6 months after launch), vaidation reports will be sent to the VS on a monthly
basis.

9333 Geographical Location

Cruises usudly occur in Audrdian waters - but on occasion, data will be collected from areas
some digance from Audrdia  Cruises will be targeted that promise a high probability of
clear skies, typicdly cruises in tropicd waters during the months of June to October, when
the monsoon activity is north of the equator and clear skies are frequent.  Following launch
of ENVISAT, it is anticipated that there would be three to Sx two-week cruises per year.
Prior to launch, the indruments and data collection techniques will be tested through one or
two shorter cruises per year.

9334 Planned Validation Activities

Three cruises of the RV, the Franklin had been planned for the latter haf of 2001, but with
the new Envisat launch date of October 2001, dl these vdidaion data collection
opportunities are now too early. Current negotiations are seeking berths on the later cruises in
late 2001/early 2002.
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9.3.35

Data Requirements

The following AATSR data products are required:

ATS TOA_1P
ATS NR 2P

Transfer of products via physical mediais acceptable.
Datavolume: 512 x 512 scenesof ATS TOA _1Pand ATS NR_2P of al passes covering
the ship tracks: 6-10 weeks of operation anticipated per year.
Data needed are offline,

Addressto where data should be sent

9.3.3.6

I nterfaces

Dr lan Barton

CSIRO Marine Research
GPO Box 1538

Hobart, Tasmania 7001

The PI will interface with a number of parties.

Interfaces With whom Reason Timing

1 Vdidation Scientist Help with NILU submission Asrequired
Send vaidation resuts (in Stu/satelite Monthly
data matchups)
Participation in Data Qudity Group Asrequired

2 USF Order AATSR Data As
Receive AATSR Data necessary

3 NILU 2 Mbytes of data submitted at the end of Attheend
every cruise. of every
Download of wind data for research cruise
vessd track.

9337 Schedule

The vdiddtion activities from Hobat will follow the overdl vaidaion schedule outlined in

Section 11, with specific cruise occurring asis detailed in Table 9.3.3.4-1.
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10 Validation of the visible channels

Vdidaion of the visblenear infrared channds of the AATSR ingdrument, in the GBTR
product, will be caried out over land and cloud (Koedemejer and Waits). Two types of
vdidation fdl into this group: vicarious vdidaion and vdidation usng ground messurements
taken during field campaigns.

Figure 10-1 gives the names of PI's leading different project involved in the vdidation of
visble/near infrared channels of AATSR, together with their project ID number. The work by
Smith and Prata is consgdered core vdidation activities. The work of Kodemejer, Hagolle
and Watts is being caried out primarily for the vaidation of other ingruments (for
SCIAMACHY and MERIS). It is not consgdered core AATSR vdidation activities, athough
data from these activities will be useful for initid AATSR vdidaion and ther work is
included here.

Vdidation of thevigble
channds, over land

Vicarious Vdidaion Specific campaigns
and the collection of
ground messurements

Smith, RAL (410)

Smith/Prata (410/9025)
RAL/CSIRO

Hagolle, CNES (119)

Koelemeijer, KNMI, (548)

Waits, RAL (501)

Figure 10-1: PI’sinvolved in vaidation of the AATSR visble/near infrared channds
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10.1 Vicarious Validation

Vicarious vdidaion is where top-of-amosphere (TOA) radiances from AATSR ae
compared to TOA measurements from dmilar sensors, for a range of dable Stes. At the
present time, there are four projects that will do vicarious vaidation for AATSR.

10.1.1 Vicarious Inter-Calibration of AATSR and MERIS using terrestrial targets,
Smith (410)

Principal Investigator: Dr David Smith
Rutherford Appleton Laboratory
CCLRC, Chilton
Didcot, Oxfordshire
OX11 0QX

Co-Investigators: Dr Chris Mutlow, RAL
Dr Carinavan Eijk, Inditute of Applied Physics
Dr C.R.Nagargia Rao, NOAA/NESDIS
Dr Fred Prata, CSIRO Atmospheric Research

10.1.1.1 M ethodology

Smith will compare AATSR- and MERIS top-of-atmosphere radiances for a range of desert
regions and Greenland ice, and monitor the long-term gability of the indruments.  This will
lead to a robust characterisation of the in-orbit performance of the instruments and the on
board cdibrators. Using smilar channds on AATSR and MERIS enables direct comparisons
of the ingrument cdibrations to be made, Figure 10.1.1.1-1. The messurements will be
particularly useful to check for any across track variations in the cdibration of MERIS. The
results will dso be compared againg the exising ATSR-2 data for the same scenes.  In-Stu
measurements provided by CSIRO over Audrdian dtes will vdidate the top-of-atmosphere
mesasurements (see Section 10.2.1).
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At least one year of data\ )
required! Calculate Drift

= exp(-k(t-t))

Statistical Tests
Spatial Uniformity
Brightness Temperatures

Cloud Test

Cloud Free
Radiances

Atmospheric
Corrections

Comparisons—

MERIS,
AATSR,
ATSR-2,

AVHRR

10.1.1.2

ECMWF profiles
from BADC

Atmospheric
Data

Spectral
Responses

®

CSIRO Field Campaigns
at Hay, Amburla

Figure 10.1.1.1-1 Intercomparison scheme for AATSR, ATSR-2 and MERIS.

Geographic L ocations

Table 10.1.1.2-1 gives the latitudes and longitudes of the main regions to be studied. Other
dtes may be required as the investigation progresses.

Type Site Name Longitude Range Latitude Range
Algeria— East 7°10E-8°10E 29°49'N - 30°49'N
Algeria- East 0°42 E- 1°42E 30°30'N - 31°18'N
Arabia 46°16'E—47°16'E 18°23'N - 19°23'N

Desert Dunhuang 94°01'E—-94°30'E 40°02'N - 40°17'N
Libyal 12°31'E-13°31'E 23°55'N - 24°55'N
Libya2 10°49' E-11°49'E 25°59'N - 26°59'N
Libyan Desert (Sudan) 28°W-29°W 21°N-23°N
Sonora 114°18'W-113°54'W | 31°54'N-32°06'N

Ice Greenland 35°W-45°E 70°N-77.5°N

. Hay, NSQ 145.292°E 34.382°S

ggaum Amburla, NT 133.119°E 23.285°S

Thangoo, WA 122.26°E 18.10°S
Table 10.1.1.2-1 Geographic Loceation of the sites used for Vicarious Vaidation
10.1.1.3 Data Requirements

Tables 10.1.1.3-1 to 4 detall the data required.
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Source From Type of Channels | DateFrom | DateTo Delay Delivery Comments
Data Mode
AATSR LRAC Level 1b All Launch End < 3wks Physical Standing
Mission Media Order
MERIS LRAC Level 1b 520, 560, Launch End < 3wks Physical Standing
620, 665, Mission Media Order
681, 865,
890nm
Table 10.1.1.3-1 Envisat Products Required for vicarious vaidation (410)
Source From Type of Channels | Date From | Date To Delay Delivery Comment
Data Mode S
MERIS ESA Spectral 520, 560, - FTP
Response | 620, 665,
Functions | 681, 865,
890nm
Table 10.1.1.3-2 MERIS Auxiliary Products required for vicarious vaidation (410)
Source From Type of Channels | Date From | Date To Delay Delivery Comment
Data Mode S
ECMWF BADC GRIB - Launch End < 1wk FTP
Mission
Table 10.1.1.3-3 ECMWF data required for vicarious vaidation (410)
Source From Type of Channels | Date From | Date To Delay Delivery Comment
Data Mode S
AATSR DETR/ Spectral All - FTP
RAL Response
Functions
ATSR-2 RAL GBT All Launch End ERS-2 | < 3wks FTP/ Standing
Mission EXABYTE Order
ATSR-2 RAL Spectral All - FTP -
Response
Functions
TOMS BADC Ozone - Launch End < 1wk FTP
Profiles Mission
Table 10.1.1.3-4 Additiond data required for vicarious vaideation (410)
10.1.1.4 I nterfaces
The PI will interface with a number of parties.
Interfaces | With whom Reason Timing
1 Vdiddtion Send vdidation results Monthly
Scientist Participation in Data Quality Group Asrequired
2 USF Order and receive AATSR data As necessary
Order and receive MERIS data
3 CNES Exchange of MERIS/AATSR data over
desert Sites
4 NILU Uploading of data TBC
5 BADC
10.1.1.5 Schedule

The vicarious vdidation work of Smith will follow the overdl vdidation schedule outlined in

Section 11.
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10.1.2 Validation of MERIS calibration using natural targets, Hagolle (119)

A limited amount of vicarious cdibration of the AATSR visble channds will be undertaken
as pat of the MERIS cdibration activities The primary am of this activity is to vdidate and
monitor the absolute calibration of MERIS usng a variety of natura targets, incuding steble
desert dtes. However, over desert Stes it is dso possible to conduct vicarious cdibration of
the AATSR vidble channds and peform cross cdibration between MERIS, AATSR and
other sensors.

Detals of the MERIS cdibration exercise usng naura targets are contaned in AD8 (the
MERIS Cd/Vd Implementation Plan). The AATSR aspects of this work are described here.
It is important to note that this work is not centrd to CNES' activities and is only designed to
compliment the MERIS cdibration. Therefore it is a lower priority task for CNES and will be
performed on a best efforts basis.

Principal Investigator: Olivier Hagalle
CNES
18 Avenue E. Berlin
Toulouse CEDEX 4
31401
France
Tel 33 561282135
Fax 33561273167
Olivier.Hagolle@cnesfr
Co-Investigators: TBD

10.1.2.1 I nstrumentation

This method uses the characterisation of the properties of 20 desert dtes that was obtained
with POLDER 1 indrument. Given the very good dability with time of these Stes, no in-Stu
measurement is needed for this method. Measurement protocols are not applicable for this
work.

10.1.2.2 M ethodology

Twenty desert Stes in North Africa and Arabia have been sdected for their spatial uniformity
and tempora ability, usng Meteosat data. The dStes are quite lambertian and the directiond
variations of ther reflectance has been monitored usng POLDER data. Since POLDER data
makes a very complete sampling of the directionad conditions, it is nearly aways possble to
find a POLDER acquigtion with solar and viewing angles very close to the angles of any
sensor measurement. POLDER can thus be used as a transfer radiometer to make cross
cdibrations between sensors, even if they do not have the same scanning geometry.

The main error sources are the aerosols and the variation of the Ste reflectance: agrosols can
modify the top of amosphere reflectance of the desert gtes, but it is expected that after
averaging a lot of measurements, the aerosol effect will manly affect the results as a noise
and not as a bias. The cross-cdibration results could dso be affected by long term variations
of the desert dtes reflectance, but averaging the results for 20 desert Stes reduces the
eventual variaions. Since 1996, CNES has been collecting desert dtes data from many
sensors. These data are gathered in an ORACLE database: for the moment, the available data
ae
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SeaWiFS, AVHRR (NOAA14,15,16)

MODIS, MISR
POLDER 1, SPOT 1,2,34, VGT,

The desart Stes can be used in the following ways:
To compare the absolute calibration of AATSR with the calibration of MERIS and other

SENSors

To check the stability of the instrument cdlibration as a function on time.

10.1.2.3

Geographic L ocations
The desert Stesare givenin Table 10.1.2.3-1.

SteName | Latcentre | Longcentre| La min |Lat max Long min | Long max
©) @)

Arabial 18.88 46.76 18.38 19.38 46.26 47.26
Arabia2 20.13 50.96 19.63 20.63 50.46 51.46
Arabia3 28.92 43.73 28.42 29.42 43.23 44.23
Sudanl 21.74 28.22 21.24 22.24 27.72 28.72
Nigerl 19.67 0.81 19.17 20.17 9.31 10.31
Niger2 21.37 10.59 20.87 21.87 10.09 11.09
Niger3 21.57 7.96 21.07 22.07 7.46 8.46
Egyptl 27.12 26.1 26.62 27.62 25.6 26.6
Libyal 24.42 13.35 23.92 24.92 12.85 13.85
Libya2 25.05 20.48 24.55 25.55 19.98 20.98
Libya3 23.15 23.1 22.65 23.65 22.6 23.6
Libyad 28.55 23.39 28.05 29.05 22.89 23.89
Algerial 23.8 -0.4 23.3 24.3 -0.9 0.1

Algeria2 26.09 -1.38 25.59 26.59 -1.88 -0.88
Algeria3 30.32 7.66 29.82 30.82 7.16 8.16
Algeriad 30.04 5.59 29.54 30.54 5.09 6.09
Algerigb 31.02 2.23 30.52 31.52 1.73 2.73
Mdlil 19.12 -4.85 18.62 19.62 -5.35 -4.35
Mauritanial 19.4 -9.3 18.9 19.9 -9.8 -8.8

Mauritania2 20.85 -8.78 20.35 21.35 -9.28 -8.28

Table 10.1.2.3-1 Desert Sites used for vicarious vaidation by Hagolle (119)
Data Requirements

10.1.2.4

Systematic use of every AATSR Level 1b ATS TOA _1P product acquired over these Sites

The default method of obtaining AATSR data for this work will be via the ENVISAT USF.
PERL scripts provided by the USF will be used to set up a standing order for 512x512 km
scenes over each dSte and to regularly download these products. The extraction of the suitable
cdibration points from the AATSR products will be performed manualy by CNES.

Under AO 410, RAL will dso be requesting data over certain desart Stes and performing a
gmilar extraction of relevant pixes (see Section 10.1.1). For those Stes, which coincide
between the two projects, the posshility of performing the data retrieva and extraction for
both projects a RAL using modified ATSR-2 routines is being investigated. These routines
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will read in AATSR products, locate cdibration Stes, detect cloudy pixels and output cloud
free reflectances (homindly in HDF format).

10.1.2.5 I nterfaces
Interfaces With whom Reason Timing
1 RAL Overlap with work of AO410, TBC
collaboration regarding MERIS, and
AATSR data over desert Sites.
2 USF TBC
3 Vdiddion Scientis | Recelve updates on the datus of TBC
AATSR Cd/Vd activities.
Send vdidation results, and report
progress of work.

There are no plans for CNES to upload data to or download data from NILU.

Where AATSR reaults are reported a ENVISAT events such as the Commissioning Review
and the Vdidaion Workshop, they shal be covered under the generd reporting for MERIS
AO 119.

10.1.2.6 Schedule

The work of Hagolle a CNES will follow the overdl vdidaion schedule detailled in Section
11. Additiona schedule details are provided in Table 10.1.2.6-1.

October 2000 — July . Development of cdibration tools
2001 . Explore plansfor collaboration with RAL
August 2001 - Operationd qudification of the tools
October 2001 - ENVISAT launch
December 2001 - End of AATSR SODAP
- Reception of firs AATSR L1b products (or extracted
data) at CNES
January 2002 - Hrd results
March 2002 . End of ENVISAT Commissioning Phase
- Report results of AATSR/MERIS cross cdibration from
firg few months of daa a ENVISAT Commissoning
Review
June 2002 - Report  further results of AATSR/MERIS cross
cdibratiion a ENVISAT Vadidation Workshop

Table 10.1.2.6-1 Schedule details for the work of Hagolle (A0 119)
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10.1.3 I ntercomparison of AATSR with MERIS and SCIAMACHY,
Koelemejer (548)

The work outlined in AO 548 is primarily concerned with the vaidation of SCIAMACHY
Leved 2 products, namey, polarization, radiances, cloud and aerosols. It aso, however,
involves the use of MERIS and AATSR data for inter-comparison with SCIAMACHY data,
and is included here for completeness. A more detailed description of the work can be found
inthe SCIAMACHY validation handbook (AD9).

Principal Investigator: P.Stammes

Co-investigators: Dr Robert.Koelemeijer (Contact)
K.N.M.I
P.O. Box 201
3730 AE DeBilt
The Netherlands
Tel: +31 30 2206 467
Fax: +31 30 2210 407
kodlemea @knmi.nl

10.1.3.1 M ethodology

The SCIAMACHY insrument measures the Earth's radiance between 240-1750nm, 1940-
2040nm and 2265-2380nm. The spectrd resolution is waveength dependent, varying
between 0.2 and 1.5nm. The measurements are peformed in an dternating limb nadir mode
such that an atmospheric volume is first observed in limb, and after 435 seconds, observed in
nadir view. Solar and lunar occultation measurements are performed when possble. For
radiometric cdibraion, an internd white light source can be obsarved as wdl as the sun and
the moon. The default swath width of SCIAMACHY is 960km.

This work will compare normaised radiances of SCIAMACHY acquired in nadir mode to
those of AATSR and MERIS. The normdised radiance is proportiond to the ratio of the
Eath's reflected radiance to the solar irradiance perpendicular to the solar beam. To this end,
the AATSR and MERIS pixels will be collocated with the SCIAMACHY ground pixel, and
averaged over the SCIAMACHY ground pixd. The SCIAMACHY normalised radiances will
be convoluted with the insrument response functions of AATSR and MERIS. For the
comparison, a patly cloudy scene over the ocean will be used, such that a large dynamic
range is covered. The inhomogenaty of the scene dlows confirmation of the podtioning and
geolocation of the instruments. A gmilar gpproach was successfully applied to GOME and
ATSR-2 data (Koelemeijer et al., 1998).

To assess SCIAMACHY degradation during its lifetime, SCIAMACHY normalised
radiances acquired over a number of Saharan gStes will be andysed (in conjunction with
Hagolle, AO 119).

A second objective of this activity is cloud vaidation. The SCIAMACHY levd 2 cloud
products will consst of cloud cover fraction, cloud optica thickness, and cloud top pressure.
These cloud properties will be compared to cloud properties derived from MERIS and
AATSR data Cloud top pressure retrievd from SCIAMACHY employs the oxygen A-band,
i.e. amilar as MERIS. AATSR cloud top pressures will be derived by converting cloud top

63



temperatures to pressures using amospheric temperature profiles from the European Centre
for Medium-range Weather Forecasts (ECMWF) modd. A smilar comparison was

performed regarding effective cloud fractions and cloud top pressures derived from GOME
and ATSR-2 [Kodemdijer and Stammes, 1999; Kodemeijer et al., 2000].

10.1.3.2 Geographic L ocation

TBC
10.1.3.3 Data Requirements
The following AATSR data products are required:

ATS TOA_1P

Data volume haf orbit ATS TOA 1P on requedt, and 512 X 512 scenes of
ATS TOA_1P over desert Sites.

Timing: < 3 weeks delivery after data take.

Trandfer of products via physica media.

Address to where data should be sent:
Robert Kodemeijer
Address, as above.

10.1.34 Interfaces
TBD

10.1.35 Schedule
Kodemejer will follow the overal vdidation schedule outlined in Section 11.

10.1.3.6 References

Kodemeijer, RB.A., Stammes, P., and Waits, P.D., 1998, Comparison of visible calibrations
of GOME and ATSR-2, Remote Sensing Environment, 63, pp 279-288

Kodemeajer, RB.A., and Stammes, P., 1999, Vdidation of globad ozone monitoring
experiment cloud parameters usng oxygen A-band messurements from the Globad Ozone
Monitoring Experiment, J.Geophy.Res., 104, 18, pp 801-814

Kodemejer, RB.A., Stammes, P., Hovemnier, JW., and de Haah, JF., 2000, A fast method

for retrieva of cloud parameters usng oxygen A-band measurements from the Globa Ozone
Monitoring Experiment, in press.
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10.1.4 MERIS/AATSR calibration using Arctic Stratus and Tropical
CumuloNimbus clouds, Watts (501)

Philip Watts of RAL will provide cdibration of the reflectance channels of the AATSR and
MERIS ingruments using cloud targets. Two methods and corresponding cloud types are
utilised in conjunction with a multiple scattering plane pardld cloud modd and NWP data to
ad definition of atmaospheric conditions.

This work is funded by ESA as an activity for MERIS, and hence cdlibration of the MERIS
indrument is the main priority. Cdibration of AATSR reflectance channds will adso teke
place however. Thework is described in AD8 (the MERIS Ca/Va implementation plan).

Principal Investigator: Philip D Watts
Rutherford Appleton Laboratory
Chilton
Didcot
OX11 0QX
Tel: 01235 445170
Fax: 01235 445848
p.d.watts@rl.ac.uk

Co-lnvestigators: David Smith, RAL
A.JBaran, Met. Office

10.1.4.1 M ethodology
Two methods of cdibrating AATSR data are used.

In the first method, Arctic stratus clouds are used to absolutely cdibrate 0.55, 0.67, 0.87 and
1.6mm AATSR chames, usng a compaison of nadir and adong track reflectances and
knowledge of the bi-directiond reflectance distribution function.

In the second method, deegp convection clouds in the tropicd regions are used to intercaibrate
the 0.55, 0.67, and 0.87 nm channels by comparison of nadir view data and correction for
resdua above-cloud amospheric effect. The target reflectance is more or less insengtive to
the underlying surface or overlying amosphere when a very deep cloud over ocean is
observed. Radiative trandfer models provide an edtimate of the ratio between expected
reflectances a non-absorbing wavelengths.

For both methods, the following analysis steps are needed:

a) Sdection of suitable target areas within the imagery
For the arctic dratus method, a suitable target is one that conforms closdy to the
plane-paradld modd, is water cloud, contains a range of optica depths around 6 = 4,
overlies blue water ocean and does not include srong sunlight geometry. These
requirements are identified through both automated and non automated methods.
For tropica deep convection, a suitable target is opticdly thick and geometricaly
deep, covers a large ares, is illuminated a high solar angles, and lies over the ocean.
Again automated and nonautomated methods are used.
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b) Prediction of the expected reflectance ratios (dong track/nadir in dratus case, channd to
channd in the tropical Cb case)
For both methods, expected reflectance ratios are caculated using a fast cloud-
amosphere-surface radiaive transfer modd developed for cloud parameter inverson
as part of astudy for SEVIRI.

c) Generation of cdibration factors by comparison to measured ratios, and qudity control of
andyssfit.

10.1.4.2 Geographic L ocation

Usng clouds as cdibration targets mean tha is hard to pecify data over a gpecific
geographic area. The presence and location of clouds is highly variable. . To achieve a
reasonable number of targets in agiven time period, alarge area must be defined.

The MERIS Cdibration plan details a srategy for defining the geographic location needed. In
summary, the sgngle best search region for the arctic dratus clouds is the North
Atlantic/North Norway region. For tropica deep convection clouds, the most useful aress are
the Western Pacific and the Eastern Indian Ocean, with the convection moving seasondly
with the intertropical convergence zone.

10.1.4.3 Data Requirements
The following AATSR data products are required:
ATS TOA 1P

Data are required systematicaly over specific cloud locations.
Transfer of products via physicd media

10.1.4.4 Interfaces
TBD

10.1.4.5 Schedule
Watts will follow the overdl vaidation schedule outlined in Section 11.
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10.2 Specific Campaigns and the collection of ground measur ements

In addition to the vdidation of the visble and near-infrared channds using vicarious
methods, these channdls can dso be vdidated over land usng dedicated fidd campagns and
the collection of ground measurements.

10.2.1 Ground data collection in Australia, Prata (9025)

Fred Prata of CSIRO has been undertaking radiometric measurements over land for a number
of years, a three dtes in Audrdia — Thangoo, Amburla and Hay. These three Sites represent
different environmenta conditions and land cover types. Continuing work with ATSR and
ATSR-2, ground measurements taken a dtes in Audrdia will be compared with data from
AATSR. Prata is named as a co-investigator on the proposal by Smith (410), and will work in
collaboration with him.

Principal Investigator: Dr Fred Prata
CSIRO Atmospheric Research
PMB 1 Aspendale
Vic. 3195
Audrdia
Co-lnvestigators: TBC
10.2.1.1 I nstrumentation

A number of indruments will be used incuding ground-based spectrometers, sun
photometers, radiosonde equipment and aircraft mounted spectrometers.

10.2.1.2 M ethodology

Vdidaion conducted by Prata will teke the form of gpecific campagns and long term
monitoring.

The vdidation methodology will be gmilar to tha used for the ATSR-2 Atmospheric
Correction Experiment (ACEX). The surface measurements and aimospheric data collected at
the satdlite overpass time were fed into a radiative transfer code (MODTRAN 3B) and TOA
reflectances caculated for comparison with the ATSR-2 reflectances. The accuracy of this
method of validation was limited by the spatid sampling of the ground-based reflectances.
During the AATSR vdiddion, the sampling problem will be overcome by the use of
spectrometers flown aboard aircraft.

The firg vadidation campaign will take place shortly after ENVISAT launch during the
AATSR commissoning phase.  The exact timing of the campaign will depend on sdection of
optimum weether conditions. Within 6 months, a second campaign will take place to
edablish the reproducibility of the vdidaion results and to check on the dability and
performance of the AATSR onboard cdibration system. It is likely that these campaigns will
take place a the Hay dte, but condderation will be given to conducting the campaigns at
Amburla (TBD Prata)
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The Amburla dte is wdl-suited to vaidation because of its homogeneity, dability and
because it is an insrumented Ste. The most important aspect of vdidation at this dte will be
the ability to determine the Ste's spectrd reflectance dability. For this purpose upwelling
gpectra irradiances should be monitored at the ste. Overflights of the dte usng a video
camera sysem approximately once per month are dedrable. The spectrd BRDF of the dte
should be messured & least once, from the ar if funding permits during the monitoring

period.

10.2.1.3 Geographical Location

Vdidation work will be caried out a three locations in Audrdia — Uardry, Amburla and
Thangoo.

Uardy
Hay plains, New South Wales, Audrdia
Lat. -34.396, Long. 145.303
Altitude: 100m above MSL

Uardry is a semi-arid grassands site located o the vast Hay plains some 50 kilometres east
of the township of Hay. The dte and surrounding region are dry land grazing properties
(mainly sheep) characterised by large tredess expanses of natural vegetation located on
extremdy flaa and homogeneous natural terrain.  The overlying amosphere is characterised
by a semi-aid dimate with low amounts of water vapour and aerosols.  Regular
winter/soring rainfal provide seasond vegetative growth. The dte has moderate column
amounts of water vapour (typicaly 10 to 30 kg m') and aerosol optica depth (typicaly 0.03
a 05 micron). Ingruments monitor continuoudy a severa points the surface radiaion
budget components (broadband shortwave and longwave fluxes, downwdling and
upweling), meteorologicd parameters, and in clear daytime skies the aerosol optica depth,
column ozone and water vgpour amounts.

Amburla
Tanami Desart, Northern Territory, Audtrdia
Lat. -23.385, Long. 133.119
Altitude: 620m above MSL

Amburla is an arid desert dte located on a long flat plan (goproximatdy 30 km x 12 km)
characterised by a red soil with a sparse cover of Mitchell grass. The dte, which is located
100 kilometres northwest of Alice Springs, is used for cattle and camd grazing. Ephemerd
vegetative growth following heavy tropica thundersorm activity or dow-moving rainband
activity, may be ggnificant but is uncommon. The Ste has moderate column amounts of
water vapour (typicaly 5 to 40 kg m?) and aerosol optica depth (typicdly 0.03 a 05
micron). The dte is indrumented to continuoudy monitor a severd points the surface
radiation budget components (broadband shortwave and longwave fluxes, downwelling and
upwdling) and meteorologica parameters.

Thangoo
Thangoo is uniform over an area of a leest 3 km x 3 km and characterised by a hot and
humid monsoond summer dimae, a wam to hot and rdaively dry winter cimate, and
ggnificant aerosol loading in spring and early summer due to large uncontrolled bushfires. A
location a the southern extent of the ITCZ (inter- tropicd convergence zone) is planned to
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minimise monsoond  activity (dloud) and maximise the summer day-to-day amospheric
vaiability (aerosol and water vapour). Continuous monitoring a severa points will include
the surface radiation budget components (broadband shortwave and longwave fluxes,
downwelling and upwdling), meteorologicd parameters, and in dear daytime skies the
aerosol optica depth, column ozone and water vapour amounts.

10.2.1.4 Planned Validation Activities

Measurements are being undertaken at the three validation Stes on a continuous basis. During
the commissoning phase, vaidation reports will be made availadble on a monthly bass (TBC
Pratd). It is hoped that dedicated campaigns will be undertaken to complement the continuous
measurements (TBC Prata).

10.2.1.5 Data Requirements

The following AATSR data products are required:
ATS TOA_1P

Trandfer of products via physica media.

The data needed are offline.

Address to where data should be sent:
Dr Fred Prata
Address as above.

10.2.1.6 I nterfaces
TBD

10.2.1.7 Schedule

The work of Prata will fit into the schedule of Smith (Section 10.1.1), and the overdl
vaidation schedule outlined in Section 11.
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11 Schedule for validation activities

In terms of a schedule for validation activities, there are a number of important milestones
that affect dl vdidation activities. This section describes events, which are agpplicable to al
activities. Milestones specific to any one activity have been included in the section relevart to
thet activity.

Figure 11-1 details the top-level schedule information. These are then described in more
detall.
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Figure 11-1: Vdidation Schedule

Validation Rehearsals (1 and 2)
The first validation rehearsa took place from the 24" October b the 3™ November 2000.
This was an opportunity for ESA and VDP's to test communication channds and data
handling software. Each Pl had a list of tasks, which he/she was required to perform. These
aresummarised in Table 11-1.

Rehearsd Task

Test Communication Channels Sign up with NILU, download and upload
vaidation datafrom NILU
Order and download Envisat data

Contact the ESA helpdesk

Tegt vaidation data handling software - Ted local data handling software

Verify data quaity control procedures - Ingdl software and test: EnviView, data
dictionary tool, misson CF and SW
libraries, TIME library, ESOV

Produce a written report

Table 11-1: Tasks performed by PI’s during the first rehearsd

The second rehearsd will give PI's another opportunities to familiarise themsdves with the
tools available, data ordering system etc. More details TBC.

Miami Intercomparison: Thisis described in detail in Section 9.3.2.
Launch: At the present time, Envisat is scheduled for launched on 2" October 2001.
SODAP: Following launch, there is a Switch On and Data Acquistion Phase, the

characterisation of the instrument in-orbit performance and vdidation of the ground
segment procedures and engineering tools. Current estimates put the SODAP for AATSR
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a L + 9 weeks (TBC). After review of the results of the planned commissoning activities
and subsequent instrument reconfiguration, the SODAP will be declared complete and the
forma vdidation phase will commence.

Commissioning Phase Workshop: This will teke place a L + 6 months, and will mark
the end of the commissioning phase of Envisat.

Validation Workshop: This will teke place a L + 9 months. Each Pl will be required to
present validation results collected and conclusions drawn.
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12 Data Requirements

In order to ascertain sadlite data requirements during the commissoning phase, and the
logidtics of data digtribution and circulation, Hannah Tat (ESA ESTEC) has been compiling
a goreadsheet of vdidation data requirements. The current verson of this spreadsheet can be
found in Annex A. This soreadshedt is primarily to ad ESA in planning, and is congantly
evolving and changing as plans develop and requirements change. Subsequent updates and
more details of data requirements can be obtained directly from Hannah Tait, and she should
be noatified of any additions or modifications to the current estimates.

Contact details: Hannah Tait
ESA ESTEC
Keplerlaan 1
Postbus 229
2200 AG Noordwijk
The Netherlands
Td: +31 71 565 5918
Hannah.Tat@esaint
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13 The Validation L oop

The validation loop, as described here, isin a draft format, and is currently being circulated
for comments and input from DETR, ESA and validation data providers.

The AATSR Vdidation Loop describes what happens to vdidation data, collected by
Vdidation Data Providers (VDPs). An outline of the vaidation loop isgiven in Figure 12- 1.

1. Following ENVISAT Launch, and the AATSR Switch On and Daa Acquistion
Phase (SODAP), AATSR data will become avalable to AATSR vaidation data
providers (VDP's). VDPs will inform the Vdidation Scentig (VS) of any planned
campaigns, and the VS will ensure that the FHight Operations Support team are aware
of these campaigns in ther planning. This will ensure that the data will be collected at
that time, if this is possble or tha the VDP is informed in advance of the non
availability of the indrument. VDP's will order and recelve AATSR daa, collect in
gtu messurements and peform in Stu/satdlite machups. VDPs will  submit
vaidation datato the NILU database.

2. Following the SODAP, for the remainder of the Commissioning Phase, once a month,
VDP's will send the VS informetion files containing the in Stu/satdlite matchups plus
any andysscomments they have If vdidaion data are unavalable on a monthly
bass, the VDP's will ill send a short report detailing progress, and expectation of
the timing of reaults.

3. During commissoning, ESA will peform dgorithm verificaion, and will report
results to the VS, The VS will report results of the dgorithm verification to the
VDP's, and will incorporate results into the vdidation reports passed to the AATSR
Data Qudity Group (DQG).

4. The VS will coordinate vdidation activities, collating dl the results received, and
andysng them. If the vdidation daa reved anomdies and erors, the VS will
investigate possible sources of error, by asking VDFP's to check their data, and seeking
advice from the PP team, the FOS team and the PDS team. If thought necessary,
investigations by the various specidist teams may take place a this stage on a limited
scale In this way, a basc levd of qudity assurance will be applied to take place.
Reports will be sent to members of the DGQ on aregular basis.

5. The DQG will meet as required (i.e. whenever there is a dgnificant input of vaidation
results). Mesetings will be convened by the VS, and chared by the PI (or Project
Scientit). The DGQ will be made up of people with experience and expertise in
vdidation and the AATSR ingrument. These will include the P, the Project Scientid,
the VS and the FOS Manager. Depending on the vaidation report under review,
additiona experts may be invited to atend. DETR, ESA, and NERC will have full
vighility of the group and can atend meetings, if desired.

6. The DQG will review the validation reports, and decide what, if any, further action is
needed. They may authorise further investigations (into the vdidation data collected,
the data processng chain, the insdrument etc). The VS will coordinate any further
investigations, and report back to the DQG.
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7.

10.

If a change to the data processing is recommended by the DQG, this change will first
be tested with the PP using the further investigation loop via the VS. If reaults of the
test confirm that a change in the operationa system is needed, recommendations to
permanently change the PP are passed to DETR. A Change Control Board (ESA,
DETR, Pl, SAG) meets to agpprove the change. If a change is approved, DETR
updates the PADD, the PP and the TDS. New data from the PP are provided to the
VDP's, and tested againgt vaidation results.

Following successful testing, a change in the OP is made, and the vdidation loop
begins again.

Statements about the status of vdidation activities and AATSR product qudity will be
made by the DQG on aregular basis and published on the AATSR validation website,

Following the commissioning phese, the vaidation loop will continue, adthough it is
envisaged that meetings of the DQG will be held less frequertly.
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Figure 13-1 The Validation L oop
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14

As described in Section 4, the objectives of the AATSR vdidation programme are extended

Future Validation Activities

post-commissioning to indude:
Vaidate AATSR SST products in an increasing number of stes and seasons.
Monitor long-term data product quality.
Validate new products.

Many of the activities detailled as initid vaidation activities will continue, whilst additiond
activities will be conducted by the wider scientific community through new contacts and

collaboration

14.1 Continuation of Commissioning Phase Activities

Table 14.1-1 gives an indication of the continuation of commissoning phase activities after
the validation workshop at L + 9 months. Year 2 and 3 represents one and two years from L +

9 months respectively.
ID No. Activity Post-commissioning
9084 | Globa buoy comparison, including Continuation of activities throughout years

early indication of gross errors.

2 and 3.

9095 | Murray Work for years 2 and 3, pending
avallability of funding (TBC)
506 | Roquet: ENVISAT/AATSR TBC
Matchup database for SST
9081/2 | Robinsor/Donlon: ISAR Continuation of activities throughout years
2 and 3, pending avallability of funding.
Deployment of ISAR 1 and 2 in more
geographic areas. (TBC)
9024 | Barton: Rottnest Idand Ferry, Perth Continuation in years 2 and 3, pending
availahility of personne and funding (TBC)
9024 | Barton: Pure Pleasure Ferry, Continuation in years 2 and 3, pending
Townsville avallability of personnd and funding (TBC)
552 | Nightingde: SISTeR Possible activitiesin years 2 and 3, pending
the availability of funding (TBC)
590 | Minnett: M-AERI Continuation in years 2 and 3, pending
availability of cruises and funding (TBC)
9024 | Barton: DARO11 Continuation in years 2 and 3, pending
avallability of cruises and berths (TBC)
410 | Smith: Vicarious inter-caibration of Panned continuation of long term
AATSR and MERIS using terrestrid monitoring of desert Sites, pending
targets avalability of funding. (TBC)
119 | Hagadlle TBC
548 | Kodemeijer TBC
501 | Watts TBC
9025 | Prata Panned continuation of field data
collection (TBC)

Table 14.1-1 Continuation of initid vaidation activities, post the vaidation workshop at L +
9 months.




14.2 Additional external validation

Table 14.2-1 ligs ESA A/O proposds that have been categorised as ‘ Science’ proposals, and
which include vdidaion work. These PI's will receve daa when it is reeased for generd
use a the end of the commissoning phase. (NB Some listed projects use AATSR data, but
only as a means of vdidating data from MERIS. Neverthdess, these may make interesting
contributions and have been included here for completeness).

Validation Activity, Parameter investigated (in relation to AATSR)
AO Project No.
889 (Rao) SST ugng in-Situ ship and buoy data
656 (Kwarteng) Atmospheric Aerosol
647 (Doerffer) SST
247 (Matzler) Surface Temperature, Atmospheric Parameters
595 (Pardow) SST
861 (Fischer) Cloud opticd thickness, and cloud abedo
609 (Sorensen) Atmospheric parameters
864 (North) Aerosol Opacity and land surface bi-directiona reflectance

Table 14.2-1: Additiond post-commissioning validation projects, not
included in the core vdidetion programme

In addition to these AO stience proposds, it is hoped that vaidation data will come from the
wider scientific community. Initid contact has dready been made with severa groups with a
view to future collaboration regarding vdidaion work. These include a group a Cranfied
Universty interested in vdidaion over land, the NASA vdidaion team, and the
Hyperspectral Task team at the Earth Observation Centre in Canberra.

14.3 New Products

A number of products are being discussed for AATSR data As mentioned in Section 5, an
AATSR land surface temperature product is being prototyped for incluson in the L2
products. Further products, which could be developed, might include a cloud and aerosol
product. If new products are developed, vdidation will be carried out post-commissoning to
validate the parameters derived.
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15 Development of the AATSR Validation Implementation Plan

The AATSR Vdidation Implementation Plan is a working document, and will evolve over
time as plans develop. Issues tha will be developed further for the next issue of the plan

include:
Pansfor vdidation of the land surface temperature product.

More detailed descriptions of Pl interfaces, and deliverablesto the VS and ESA.
Data andyss — work of the VS in data andyss, paticularly in relation to the validation

loop.
Details and results of the 2 validation rehearsdl.
Further details of possble collaborations for future vaidation work.
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See additiond file, Data- Digribution AATSR xx.xIs
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