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Summary

The Aquarius/SAC-D mission is a joint effort between NASA (National Aeronautics and Space
Administration) and the Argentinian Space Agency, CONAE (Comisién Nacional de Actividades
Espaciales), and is the first mission with the primary goal of measuring salinity from space in support of
oceanographic and climate science-related applications. The Aquarius/SAC-D observatory carries the
Aquarius microwave radiometer built to be an order of magnitude more accurate than any previous earth
science radiometers previously launched. Other instrumentation onboard includes a scatterometer
providing coincident measurements used in sea surface roughness corrections. Complementary use of
both the high sensitivity Aquarius radiometer and the scatterometer aboard the SAC-D satellite are critical
for obtaining more accurate salinity retrievals needed for water cycle studies and earth science applications.

On June 10, 2011 the Aquarius/SAC-D mission was launched, and the flow of public evaluation data
products (V1.1) from Aquarius began on 8/27/2012. On February 2013 a key milestone was achieved by
the Aquarius Science Team with the official release of the first validated Aquarius dataset (V2.0). This was
followed in June 2014 with the release of the Aquarius V3.0 dataset implementing a range of enhancements
in the salinity retrieval algorithm. These included: corrections for ascending/descending orbit biases,
improvements in the salinity retrieval roughness correction (use of both V and H polarizations),
modifications to the radiometer drift correction, Antenna temperature polarization coefficients (TND), and
flagging protocols used also in the production of L3 datasets.

July 2015 marks the culmination of a further year of calibration/validation efforts with the public release of
the Official NASA Aquarius mission V4.0 dataset, the end-of-prime mission data for Aquarius/SAC-D. This
new version implements additional advances to the Aquarius salinity retrieval algorithm resulting in further
improvements to the quality of the data and, importantly, the achievement of the mission accuracy
requirement (0.2 PSU RMS globally, on monthly and 150km x150km scales). Specific enhancements with
V4.0 include: improvement of the salinity retrieval geophysical model for SST bias, empirical correction for
observed coupling of the 3rd and 1st Stokes parameter, significant wave height correction, estimation of
SSS uncertainties (both systematic and random components), and inclusion of a new density variable. A
range of new, additional L3 datasets are also available with V4.0: monthly and seasonal climatology
products, plus 7-day and 28-day running mean products.

The Aquarius V4.0 end-of-prime mission dataset spans the complete 3 year, 9 nine month period of
Aquarius science data availability, from August 25, 2011 through June 7, 2015 when an unrecoverable
hardware failure caused the end of the mission at 12:53:17 UTC. While no future forward processing of
Aquarius data will be possible as a consequence, future reprocessing of the Aquarius data is likely. An
updated version (V5.0) of the Aquarius data is planned for release in 2016, and subsequent updates will
be released when measurable improvements are achieved.

The Aquarius data are processed and provided by the Ocean Biological Processing Group (OBPG,
NASA/GSFC), and the Physical Oceanography Distributed Active Archive Center (PO.DAAC, NASA/JPL)
is the designated NASA data archive for the Aquarius project. PO.DAAC hosts all Aquarius datasets
identified by the Science Team for long-term archival and distribution. This document is a guide to
understanding, reading, accessing and using the Aquarius data products available from PO.DAAC.
Pointers to detailed documentation on specific technical matters pertaining to Aquarius and other key
external information resources are also provided.
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1 Introduction

This document is the Physical Oceanogr aDAAG) Aduarisis r i but ec

data userd guide. The Guide is current to V4.0 of the Aquarius dataset, which was released and made
publicly available via the PO.DAAC in July 2015. The release of versions 2.0 in February 2013 and V3.0
in June 2014 were important milestones for Aquarius as they represented respectively the first and second
operational, validated science data releases for Aquarius by the mission. The public release of the Aquarius
V4.0 end-of-prime-mission dataset marks a further year of progress in calibration/validation efforts yielding
new advances with the Aquarius algorithm and improvements in the quality of the data. Enhancements
include: improvement of the salinity retrieval geophysical model for SST bias, empirical correction for
observed coupling of 3rd into 1st Stokes parameter, significant wave height correction, estimation of SSS
uncertainties (both systematic and random components), and inclusion of a new density variable.
Significantly, the culmination in V4.0 of these series of algorithm improvements over the course of the
mission have resulted in the achievement of the Aquarius-SAC/D mission accuracy requirement (0.2 PSU
RMS globally, on monthly and 150km x150km scales). A range of new, additional L3 products are also
available with this V4.0 Aquarius dataset: monthly and seasonal climatology products, plus 7-day and 28-
day running mean products. With the termination of Aquarius mission science operations due to an
unrecoverable hardware failure at 12:53:17 UTC on June 7, 2015, no future forward processing of Aquarius
data will be possible, although future reprocessings are expected. The V4.0 dataset thus comprises the
full 3 year, 9 nine month record of validated Aquarius data produced by the mission from August 25, 2011
through June 7, 2015. This end-of-prime-mission V4.0 dataset is constitutes a further contribution in the
area of remotely sensed salinity of particular
and processes underlying salinity variation in the oceans.

1.1 Overview of Aquarius V4.0 Algorithm & Processing Changes

A complete summary of changes to Aquarius V4.0 algorithms and processing relative to relative to the
previous version (V3.0) is given below. Pointers to corresponding V4.0 documentation providing more
detailed technical description on these aspects are also provided. No changes in either the radiometer
calibration algorithm, scatterometer algorithm or quality flags occurred in V4.0. A complete listing of
technical documentation covering improvements also from prior Aquarius versions is given in section 1.4.3.

Changes in radiometer algorithm:
Documentation: V4.0 ATBD Addendum (Algorithm & Radiometer Calibration Changes for V4.0).

1 Static bias adjustment is now applied formally within the geophysical model function and is integral to

the retrieved SSS data in V4.0. This eliminates the need for the additional, post-hoc bias adjusted SSS

variable previously present in V3.0. This addresses biases in retrieved SSS that correlate with SST,

likely caused by small SST-dependent errors in the dielectric model, oxygen absorption or surface

roughness correction, which are part of the geophysical model used in the SSS retrieval algorithm.

Estimated random and systematic uncertainties for each SSS retrieval.

Empirical correction for the observed (but still unexplained) coupling of the 3rd & 1t Stokes parameter.

Tuning of parameters of the RFI filter over land.

Inclusion of significant wave height (SWH) in the surface roughness correction. This reduces some

biases in regions with large significant wave height found previously with V3.0.

1 A new surface density variable is included in V4.0 based on the equation of state for seawater and
computed from Aquarius SSS in conjunction with an ancillary SST product (Reynolds).

= =4 =4 =4
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ftp://podaac-ftp.jpl.nasa.gov/allData/aquarius/docs/v4/Aquarius_V4.0-V3.0_SummaryOfChanges.pdf
ftp://podaac-ftp.jpl.nasa.gov/allData/aquarius/docs/v4/AQ-014-PS-0017_AquariusATBD_Level2_Addendum4_DatasetVersion4.0.pdf

1.2 Guide Purpose

The purpose of this user guide document is to provide a comprehensive description of the content, format,
and usage of the Aquarius data products, and the supported Level-2 swath and Level-3 mapped image
data in particular. Information on how to access all Aquarius data products hosted at PO.DAAC is provided.
Information resource and pointers to specific, detailed technical documentation of potential importance to
Aquarius users are also given. We begin with a brief, general overview of the Aquarius mission.

1.3 Overview of the Aquarius/SAC-D Mission

Aquarius is a mission of original discovery and exploration that aims to measure sea surface salinity from
space in order to provide a global view of salinity variability needed for climate studies. The mission is a
collaboration between NASA and CONAE (Comision Nacional de Actividades Espaciales), the Space
Agency of Argentina.

Three decades of scientific and technological development have made it possible to accurately measure
sea surface salinity (SSS) from 657 kilometers above the earth's surface. The Aquarius/SAC-D satellite
orbits the earth approximately every 98 minutes, and with a swath width of 390 km across-track, completely
surveys the earth every 7 days (Figure 1). Given target applications, the mission specification is for monthly
averaged SSS at 150 km spatial resolution to an accuracy of 2 parts per thousand (PSU). With over 86%
of global evaporation and 78% of global precipitation processes occurring over the ocean, the
unprecedented frequency, broad-scale coverage, and accuracy of remotely sensed salinity data from
Aquarius will provide important new insights on the hydrological cycle, oceanographic processes, and
climate, greatly expanding upon extremely limited past measurements.

Sun-synchronous exact repeat orbit
* Global Coverage in 7 Days fipm ascending node
+ 4 Repeat Cycles per Month T

B0 -

Beams point toward the
night side to avoid sun glint

| Science Data Validation |

More than
300 surface
valfdation
ohservations
per day

= ] E = ® E Salinity Data
ol 150km, Monthly, 0.2 {psu)

Figure 1. Aquarius Mission Design and Measurement Approach.
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1.3.1 Sea Surface Salinity Definition

Sea surface salinity, or SSS, is the salinity of seawater near the surface of the ocean that is expressed in
practical salinity units (PSU) or grams of salt/1000 grams of seawater. Aquarius uses a microwave
radiometer with a 1.414 GHz range that penetrates to approximately 1mm below the ocean surface.
Brightness temperatures are derived from three radiometers and are used to determine the salinity.
Corrections for the roughness of the ocean surface, based on an onboard scatterometer, as well as sea
surface temperature, must be applied to determine an accurate SSS. Thus the resultant salinity may be
considered a measurement characteristic of the top 1mm of the ocean surface.

1.3.2 Aquarius Orbit

Sun-synchronous exact repeat orbit

Global coverage in 7 days

Altitude of 657 km

Orbit period ~97 minutes 52 seconds -- 14 to 15 orbits per day i 103 orbits per week

An orbit is defined as starting when the SAC-D spacecraft passes the South Pole.

Ascending node of 6pm (crosses equator while traveling north at 6pm local time and while traveling
south at 6am local time). This ascending node allows it to straddle the boundary between dawn
and dusk at all but the highest latitudes.

=A =4 =4 -4 4 -4

1.3.3 Aquarius Instruments

1 3radiometers in push broom alignment

1 Beams are at incidence angles of 28.7, 37.8, and 45.6° incident to the ocean surface. The beams
point away from the sun to mitigate glint.

91 Footprints for the beams are: 74 km along track x 94 km cross track, 84x120 km and 96x156 km
yielding a total cross track of 370 km.

1 Radiometers measure brightness temperature at 1.414 GHz in the horizontal and vertical
polarizations (Tw and Tv).

1 Includes a scatterometer to measure ocean backscatter in each footprint. The scatterometer will
alternately get data from each of the radiometer feed horns at 1.26 GHz. This instrument is used
for surface roughness corrections to the salinity data, and has an approximate 390km swath.

1 Additional instruments aboard the Aquarius/SAC-D observatory currently not directly involved in
salinity measurement include: MWR, NIRST, HSC, DCS, ROSA, CARMEN |, TDP.

1.3.4 Aquarius Salinity Retrieval Overview

The Aquarius remotely sensed salinity measurement is accomplished by measuring microwave emission
from the sea surface in terms of brightness temperature, and correcting for other natural emission sources
and sinks. Ocean brightness temperatures (Tb) are related to the dielectric properties of seawater as
described by the AKlein and Swifto dielectric model fL
properties are modulated by salinity. The frequency 1.413 GHz (L-band) used by Aquarius radiometers is
sufficiently sensitive to salinity to be viable and is legally protected for scientific purposes (radio astronomy
and Earth remote sensing) from radio interference. The three Aquarius microwave radiometers measure
microwave brightness temperature (in units of Kelvins, K) in the vertical and horizontal polarizations (ThH
and TbV, respectively). The radiometers also measure polarimetric channels to correct for the Faraday
rotation of the signal as it passes through the ionosphere. However, the largest single error source is ocean
surface roughness effects due to wind and waves; therefore, the Aquarius instrument includes an integrated

10


http://aquarius.nasa.gov/overview-sss.html
http://podaac.jpl.nasa.gov/SeaSurfaceSalinity
http://www.conae.gov.ar/eng/satelites/sac-d_instrum.html

L-band (1.26 GHz) radar scatterometer to measure simultaneous oceanic backscatter in the footprint and

undertake the correction based on coincident roughness measurements. The smallest errors appear in the

tropical and mid-latitudes, and the largest in the sub-polar regions. Over the open ocean, salinity ranges

only from about 32 to 37 PSU. An accuracy of about 0.2 PSU (or 0.1 K) global RMS when data are averaged
monthly on 150-k m s cal es i s, therefore, needed to achieve the
details on the Aquarius algorithms are given in the Aquarius Algorithm Theoretical Basis Document (ATBD)

and related addenda and in the Scatterometer ATBD.

1.3.5 Aquarius Processing and Data Flows

The basic flow of data between components involved in the acquisition and processing of data for
Aquarius/SAC-D are summarized in figures 2 and 3 below.
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S
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Software and
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Figure 2. Aquarius Project Interfaces.

Processing Overview

Raw Aquarius HRD data files and HRT telemetry files are downlinked and archived at CONAE via a network
of ground receiving stations (figure 2). An orbit may be downlinked multiple times to the CONAE ground
station at Cordoba and the Matera ground station operated by the Agenzia Spaziale Italiana (ASI). Science
data processing (Level-0 through Level-3 products) is undertaken by the Ocean Biological Processing
Group (OBPG) at NASA/GSFC. The best quality source Aquarius data are selected for each orbit during
the Level-0 to 1A data processing.
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Summarized in figure 3, the key stages of Aquarius science data processing via the ADPS (Aquarius Data
Processing System) include:

A Level-0 Preprocessor: process each HRD downlink file to produce a single time-ordered set of Aquarius

science blocks and removes duplicates.

A Level-0-to-1A: separate Level-0 files into orbits, unpack science data, incorporate overlapping

ephemeris and SAC-D HKT and convert Aquarius HKT.

A Level-1A Merge: consolidate Level-1A files from overlapping downlinks into a single, best-quality full
orbit product.

A Level-1A-to-2: perform calibration, atmospheric correction and salinity retrieval for Aquarius science

data i radiometer and scatterometer code delivered by RSS (Remote Sensing Systems) and JPL

(NASA Jet Propulsion Laboratory).

Level-2-to-3 Binning: Level-2 salinity and wind speed retrievals for one day geographically projected

and collected into equal-area bins.

A Level-3 Binning and Mapping: Level-3 binned files aggregated to longer time periods (weekly, monthly,
etc.) and projected onto map grid.

b

Standard Data Processing @~ =  ~ccccccccccocooao-

Web-Based Telemetry Monitoring Tools |
'®\ l

Telemetry
Report & Files

Lavel-2
Quucklook

Level-3 Map

Figure 3. Overview of Aquarius Data Processing via ADPS at OBPG/GSFC

e

Processing additionally involves the usage of ancillary model data fields from the operational HYCOM and
NCEP models (see Appendix 1 for further details on source inputs, and Aquarius Level-2 ancillary field
descriptions in section 4.3.2).
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Processing Frequency

At the time of writing of this Guide, Aquarius V4.0 data are processed through the end of the mission with
no further forward processing of data due to the mission ending hardware failure experienced on June 7,
2015.

Data Access

Archival of and access to all Aquarius datasets is via the PO.DAAC , the NASA Physical Oceanography
Distributed Active Archive Center located at JPL (figure 2). PO.DAAC is the designated archive of record
for Aquarius/SAC-D, responsible for the long-term archival and stewardship of Aquarius datasets (LO
through L3), key technical documents, and other related mission artifacts. PO.DAAC also provides active
user support for Aquarius data users.

PO.DAAC periodically crawls OBPG in automated fashion for recently published Aquarius granules via
well-defined data interfaces, and ingests these data files into the archive. Prior to V2.0, PO.DAAC was
been acquiring Agquarius granules published by the data provider (OBPG) with daily frequency and with a
latency (time from measurement to through to delivery for archival) of 72 hours. Note though that due to
some changes in processing since V2.0 of the Aquarius dataset requiring recalculation and confirmation of
sensor calibrations, OBPG will, at least in the near-term, be processing and publishing granules in batches
for archival and distribution by PO.DAAC every 30 days.

Once in the archive, datasets can be searched via PO.D A A C éndine data catalog and data can be
accessed via a range of available services and tools. Details of how users can discover and access
Aquarius data products are given in section 2 below.

1.4 Aquarius Information Resources & Documentation

The present document focuses on format, access and usage aspects of the Aquarius data products for the
current validated, V4.0 release of the dataset. In this section, key information resources pertaining to
Aquarius are provided together with a list of other important documentation on specific technical issues and
prior version releases. Items listed are also referenced in related sections of this Guide as necessary.

1.4.1 User Support

PO.DAAC provides user support services for Aquarius. Any questions regarding Aquarius data holdings,
from how to access the data through questions on data format and usage, can be submitted via email to
our user services team at: podaac@podaac.jpl.nasa.gov or salinity@podaac.jpl.nasa.gov. PO.DAAC
also maintains and encourages the use of its online salinity forum for fielding questions, posting information
and for hosting discussions between data users and the Aquarius science team.

1.4.2 On-line Information Resources

General information on the Aquarius mission and its current status is available from the project website:
http://aquarius.nasa.gov/. A comprehensive list of Aquarius/SAC-D online data access and telemetry
monitoring resources are available on this site. The mission site also hosts the Aquarius Event Log page,
which dynamically returns information on all maneuvers, anomalies, and other critical events while also
providing graphical summaries of these data. Additional information on Aquarius is available via the
PO.DAAC salinity and Aquarius portal pages, and at OBPG/GSFC web-site, the data provider for Aquarius.
Their Aquarius Ground System WIKI provides links to a range of useful information resources, including
the Major Events and Software Change Log.
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1.4.3 Aquarius Technical Documentation

All key technical documents relating to Aquarius are available from the PO.DAAC public FTP-site and listed
below by category with links. The document producer is also specified. Items without hyperlinks and not
on the FTP-site are in preparation.

Data Description Documents

1 Aquarius Data Users Guide (PO.DAAC) i this document
1 L1A Data format description (OBPG)

1 L2 Data format description (OBPG)

1 L3 Data format description (OBPG)

Algorithm Description Documents

1 L2-ATBD (Algorithm Theoretical Basis Document) including radar/radiometer wind geophysical model
function (RSS/GSFC) with ATBD Addendum 1, 2 documents for V2.0 of the dataset. Further updated
ATBD documentation for V3.0 algorithm and APC changes: V3.0 ATBD Addendum Ill (GSFC/RSS),
V3.0 APC Update memo. V4.0 algorithm improvements are documented in the V4.0 ATBD Addendum
IV (GSFC/RSS). Uncertainty estimation of V4.0 salinity retrievals is documented in a separate ATBD
Addendum document, as is the computation of Aquarius-derived Sea Surface Density.

1 Radar ATBD and Radar RFI algorithm (JPL)

Flagging Documents
9 Flags and masks applied in L2 and L3 V3.0 data processing (GSFC/RSS)
1 V3.0 performance Degradation/QC Flagging Memo (RSS)

Instrument Calibration (post-launch) Documents

1 Radiometer calibration methodology with RFI algorithm description & V3.0 Addendum (GSFC/RSS)
9 Pointing correction analysis (RSS)

1 Radar calibration report (JPL)

Aquarius Salinity Validation Documents

1 Aquarius V4.0 and V3.0 Salinity data validation analysis (ESR)
1 Aquarius V2.0 Salinity data validation analysis (ESR)

L3-Smoothing Document
1 L3 smoothing algorithm description (implemented for L3 monthly smoothed products - ESR)

Technical documentation providers:

ESR Earth and Space Research

GSEC NASA Goddard Space Flight Center

JPL NASA Jet Propulsion Laboratory
PO.DAAC Physical Oceanography DAAC, NASA/JPL
RSS Remote Sensing Systems

* In preparation at the time of writing of this Guide
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ftp://podaac-ftp.jpl.nasa.gov/allData/aquarius/docs/v4/AQ-014-PS-0017_AquariusATBD_Level2_Addendum4_DatasetVersion4.0.pdf
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ftp://podaac-ftp.jpl.nasa.gov/allData/aquarius/docs/v4/AQ-014-PS-0017_AquariusATBD_ComputationOfAquariusSeaSurfaceDensity_DatasetVersion4.0.pdf
ftp://podaac-ftp.jpl.nasa.gov/allData/aquarius/docs/v2/AQ-014-PS-0019_AquariusATBD_scatterometer.pdf
ftp://podaac-ftp.jpl.nasa.gov/allData/aquarius/docs/v3/AQ-014-PS-0006_ProposalForFlags&Masks_DatasetVersion3.0.pdf
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ftp://podaac-ftp.jpl.nasa.gov/allData/aquarius/docs/v3/AQ-014-PS-0017_AquariusATBD_Level2_Addendum3_DatasetVersion3.0.pdf
ftp://podaac-ftp.jpl.nasa.gov/allData/aquarius/docs/v2/AQ-014-PS-0020_AquariusPointingAnalysisRSS-TR-021313.pdf
ftp://podaac-ftp.jpl.nasa.gov/allData/aquarius/docs/v4/AQ-014-PS-0017_AquariusScatterometerCalibrationReview.pdf
ftp://podaac-ftp.jpl.nasa.gov/allData/aquarius/docs/v4/AQ-014-PS-0016_AquariusSalinityDataValidationAnalysis_DatasetVersion4.0and3.0.pdf
ftp://podaac-ftp.jpl.nasa.gov/allData/aquarius/docs/v2/AQ-014-PS-0016_AquariusSalinityDataValidationAnalysis_DatasetVersion2.0.pdf
ftp://podaac-ftp.jpl.nasa.gov/allData/aquarius/docs/v2/AquariusLevel3_GriddingSmoothingPaper_Lilly&Lagerloef2008.pdf
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2 Aquarius Data Discovery & Access

This section describes how users can search for Aquarius data products via the PO.DAAC website portal
and then access the data via available tools and services. Aquarius data archived at PO.DAAC include
Level-0, Level-1A, Level-2, and Level-3 products (see section 3 for details). Please note though that only
L2 and L3 Aquarius data are supported, visible via a portal search, and accessible via Tools & Services.
All Aquarius products LO through L3 are accessible via the PO.DAAC public FTP-site.

2.1 Search

The PO.DAAC portal supports interactive, drill-down searches and exposure of our data product catalogues
by measurement parameter, sensor, satellite platform, collection or keyword. Simply entering the keyword
i Aguar i udgataset search lhax on the main portal page returns a list of all Aquarius datasets
maintained within the PO.DAAC archive with associated metadata descriptions. Similar results can be
obtained by drillkd own sel ecti on via the fABrowse Datdatasets can
be further filtered by processing level, spatial and temporal resolutions, latency and other attributes and
criteria via the faceted search panel on the left of the page. Clicking on individual dataset items listed
returns a page with complete dataset-level metadata descriptions for the selected product. The associated

tool
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- Alist of particular data access services (FTP, OPeNDAP, THREDDS, Web-services) available for the
particular dataset, together with an indication of file format and compression information.

- Alist of information resources and other documentation available for a give dataset.

- A complete listing of available data files for that product, organized by Year/Month/Day levels that can
be expanded and drilled down into.

Details of catalogued dataset level metadata captured by the PO.DAAC DMAS system (Data Management
& Archive System) are provided in Appendix 2.

2.2 Data Access via FTP and Site Organization

All Aquarius validated datasets and related resources are accessible via the public PO.DAAC FTP-site
(ftp://podaac-ftp.jpl.nasa.gov/allData/agquarius/). The contents and organization of the Aquarius portion of
this site is described below. *

2.2.1 ReadMe Files

The root level Aquarius folder contains three ReadMe files that summarise some information provided here
and i n ot her secti ons README.TXT idescrilgs the €ite lay@ui i Idfermation
documenting current known issues with the Aquarius dataset is available in the text file
README.Knownlssues. README.EventLog describes the source, location and contents of available
Aguarius Event log information. While much of this information is also captured in this Guide, users should
periodically consult the READMEs for the most up to date information on these aspects. Information in the
README files is dataset version independent.

* For information on how to access prior, Agquarius datasets (pre-V3.0) see Appendix 3. Note also that V3.0 will 15
be retired from distribution within six months of the July.2015 public release of V4.0
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2.2.2 Data Directories

Aquarius data on the FTP-site range from Level 0 through 3 products and are organized according to the
pattern summarized in table 1.

Table 1. PO.DAAC FTP-site Organization for Aquarius by Product Level

Aquarius Data Type Access URL
prepend with ftp://podaac -ftp.jpl.nasa.gov/allData/aguarius/

Level0 LO/SSS_0£YYY¥/<DDD>

LevetlA L1/SSS_1&YYY¥/<DDD>

Level2 L2/<versiorr/<YYYY>BDD>

Level3 L3/mappedkversiorr/<freq>/<category <YYY¥
Where:
<YYYY>is the Year e.g.2013 (applies to all product levels)
<DDD> is the Julian Day of year e.g. 312 (applies to product levels 0-2)
<version> is the version of the Aquarius dataset e.g. V4.0 (applies to all product levels 2-3)
<freg> is the L3 product time interval: daily, 7day, monthly, seasonal, annual (applies only to level 3)

0 R7 and R28 frequencies represent running 7 and 28-day mean products available since V4.0
0 MC & SC frequencies represent monthly and seasonal climatology products available from V4.0
o0 Cumulative represents mission series mean products available from V4.0
<category> is the L3 product category as follows: (applies only to level 3)
SCIAT maps based on data from ascending passes only
SCID i maps based on data from descending passes only
SCI'T maps based on all/lcombined data (no filtering on ascending/descending pass)
SCISM i monthly smoothed salinity maps produced from combined data

Highest level sub-directories contain Aquarius data at different processing levels, from the raw binary LO
data through to the L3 mapped (gridded) products available for sea surface salinity and wind speed on
daily, weekly, monthly, seasonal and annual intervals. For Level-2 data and above, files are then arranged
in subdirectories by dataset version (eg. /V4). Then files are organized in lower level subdirectories by time
period (eg. /Year, /DayOfYear), and in the case of L3 additionally by product time interval
(daily|7day|monthly|3month) and product category (SCIA|SCID|SCI|SCISM). Note that a smoothed product
is only available for monthly salinity. All other L3 mapped products are available for salinity, wind speed
and density parameters for all 9 time intervals mentioned above and category combinations (ascending,
descending, combined).

Information on Aquarius data products of all levels available from PO.DAAC is given in section 3 below with
complete characterizations of L1A, L2 and L3 file format and metadata attribute and variable descriptions
in section 4. Other than the LO data that is binary, all data other files are in HDF5 format
(http://www.hdfgroup.org/HDF5/) and bz2 compressed. Each data file has a corresponding, similarly
named .md5 file that contains checksum information used internally to validate file transfers from the data
provider and assure the integrity of the data.

2.2.3 Documentation Directory

The FTP-site Aquarius root level subdirectory /docs contains the User's Guide to the Aquarius data together
with other key documents on specific technical aspects provided by the Aquarius Science Team. A listing
of available items was given in section 1.4.3 above. Since this documentation is data version dependent,
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users should consult available documents and associated version directory corresponding to the dataset
version they are using (e.g. /docs/V4).

2.2.4 Reader Software Directory

The FTP-site Aquarius root level subdirectory /sw contains software written in MATLAB and IDL that can
be used to read the HDF5 level-2 and level-3 data. A later section (2.4.5) describes the usage of these
routines. Reader software provided will work for all versions of the Aquarius data.

2.3 Data Access via Web-services
All Aquarius datasets are additional available via OPenDAP and THREDDS Web-services from PO.DAAC.

2.3.1 OPeNDAP

OPenDAP is a data transport architecture and HTTP-based protocol widely used by the earth science
community and supported by PO.DAAC. It allows both interactive person-to-machine and automated
machine-to-machine access to data, with optional additional data sub-setting options specified by an
extended URL. The structure of the basic URL for accessing Aquarius L2 and L3 datasets is as follows
and analogous to that previously described for FTP:

http://opendap.jpl.nasa.gov/opendap/SalinityDensity/aguarius/

2.3.2 THREDDS

Aquarius data are also accessible from PO.DAAC via THREDDS (Thematic Realtime Environmental
Distributed Data Services), a framework for dynamic distributed aggregation, cataloging and publication
of datasets, metadata and associated resources via the Internet. THREDDS catalogues at PO.DAAC for
Aquarius salinity and wind speed datasets can be accessed via the following URLs respectively:

http://thredds.jpl.nasa.gov/thredds/catalog/ncml_aggregation/SalinityDensity/aquarius/catalog.html
http://thredds.jpl.nasa.gov/thredds/catalog/ncml_aggregation/OceanWinds/aquarius/catalog.html

Complete L3 daily, 7day, monthly, and seasonal time series, running mean and climatology series for
salinity, wind speed and density respectively are aggregated and accessible via THREDDS. For each
THREDDS aggregation, access is available via a range of protocols including OPeNDAP, WCS, WMS,
some of which permit interactive subsetting by parameters such as time. Dynamic plotting options are also
available for selected data series and subsets via THREDDS.

2.3.3 PO.DAAC Web-Services

CWS (Consolidated Web Services) are an integrated set of Web-services developed at the PO.DAAC to
facilitate automated searching and subsetting of both archived datasets and associated files. These Web-
services provide users with an application programming interface (API) that can be accessed through
standard web protocols (HTTP) with well-defined parameter extensions. CWS enables simple calls as
HTTP requests issued via user code programmatically or from a Web-browser to discover datasets and
files listing matching user defined filters, returning associated object metadata, and undertaking spatio-
temporal subsetting of data according well-specified parameters. Detailed documentation on these
capabilities together with usage specifications and examples are available at http://podaac.jpl.nasa.gov/ws/
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. CWS is available for Aquarius and many other datasets archived at the PO.DAAC. These Web-services
at the core of some of the PO.DAAC client tools described in the following section.

2.4 Data Access via Tools

Aquarius datasets are also accessible via a suite of Aquarius and PO.DAAC Web-based tools. These are
summarized briefly here and access links are provided.

2.4.1 Aquarius/SAC-D Event Log

The Aquarius mission website hosts the Aquarius
Event Log page. This tool dynamically returns
information on all maneuvers, anomalies, and other —— T
critical events together with a listing of impacted S e e
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Various options for filtering the data are available, Spacecraft Mancuver and Anomaly Tracking
and a useful option also exists that allows users to
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2.4.2 Level-2 Browsers

OBPG provides a useful tool for browsing Aquarius Level 2 data by date and geographical locale (left panel
of figure below) and listing data files matching specified criteria. This Level-2 Browser accessible via
http://oceancolor.gsfc.nasa.gov/cgi/aquarius also allows users to visualize salinity and wind speed swath
data for all 3 Aquarius beams for selected individual L2 orbital files (figure right panel).
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Another helpful tool for visualizing L2 orbital

and L3 mapped salinity data is available at

http://sss.jpl.nasa.qov (left panel of figure below) . This tool also facilitates visual comparisons between
datasets, including plots and maps illustrating observed differences between in-situ (Argo-float) and
satellite-based salinity measurements from Aquarius (figure right panel).

In-Situ SSSvs Agusrive SSE for Frem 0143172013 to 0210812013

2.4.3 HITIDE Level-2 Subsetting

The High-level Tool for Interactive Data
Extraction (HITIDE) is a web-based interface
facilitating the search, imaging, and extraction
of select Level-2 "swath" datasets from
PO.DAAC's archive. The HITIDE user interface
client is powered on the back-end by a set of
PO.DAAC web services (see section 2.3.3
above), providing advanced L2 data discovery
and spatio-temporal subsetting capabilities via
HTTP requests based on a standardized URL
syntax. Users can interactively discover,
visualize and subset Aquarius L2 data with
HITIDE via the following link:
http://podaac-tools.jpl.nasa.gov/hitide/.
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2.4.4 Aquarius Level-3 Browsers

The Aquarius Level-3 Browser tool is available at
http://podaac.jpl.nasa.qgov/aquarius/gallery. lllustrated
adjacent and intuitive to use, the browser allows effortless
navigation and viewing of PO.DAAC Aquarius imagery data
holdings by time period (Daily, Weekly or Monthly composite)
as individual global sea surface salinity (SSS) maps and
animation sequences.

A similar useful tool for browsing Aquarius Level-3 products is available from the data provider (OBPG) at
http://oceancolor.gsfc.nasa.gov/cgi/l3. This tool allows users to view both Aquarius salinity (SSS) and wind
speed products for all available time intervals (daily, 7day, monthly, seasonal, annual) including the monthly

smoothed SSS product, with the option also of examining data outputs per beam.

2.45 SOTO L3 Visualization

The SOTO (State of the Ocean) tool is a browser-based application
allowing visualization of a range of key environmental imagery data layers,
including Aquarius salinity maps, either directly exposing Level-3 data or
derived from Level-2 datasets all archived at PO.DAAC. SOTO focuses
on current data rather than exposing historical series, and as such
provides access to imagery that spans the most recent 30 days. While
Aquarius V4.0 is integrated in SOTO, given that there no longer is a
forward processing stream of Aquarius data, visualization of Aquarius data
will only be possible once the present 30 day SOTO visualization window
is extended to accommodate longer time series. At the time of writing (July
2015), this is being planned but the precise timeframe for the availability
of such a capability is unknown. For Aquarius, the 7 day running means of
L3 daily data provide global coverage maps that are exposed by SOTO.
SOTO can be accessed from http://podaac-tools.jpl.nasa.gov/soto/. Atthe
time of writing (July 2015), the current SOTO implementation (top panel of
figure adjacent) is based on Google Earth (Note that if not already
installed, users will be prompted to install the Google Earth browser
plugin). An updated (replacement) SOTO user interface (SOTO-2D) has
been developed and is currently available for viewing Aquarius data at
http://podaac-tools.jpl.nasa.gov/soto-2d (figure right panel). In future,
SOTO-2D will be available via the previously mentioned operational link.
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http://podaac.jpl.nasa.gov/aquarius/gallery
http://oceancolor.gsfc.nasa.gov/cgi/l3
http://podaac-tools.jpl.nasa.gov/soto/
http://podaac-tools.jpl.nasa.gov/soto-2d
http://podaac-tools.jpl.nasa.gov/soto/







































































































































































































