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1 INTRODUCTION

1.1 Identification

This is the Data Product Specification (DPS) Document for the Level 2 Active/Passive
Soil Moisture Product for the Science Data System (SDS) of the Soil Moisture Active
Passive (SMAP) project. The product provides gridded data of SMAP soil moisture
combined radar and radiometer retrieval, ancillary data, and quality-assessment flags on a
9-km Earth-fixed grid. Only cells that are covered by the actual swath are written in the
product.

1.2 Scope

This document describes the file format and data contents of the Level 2 Active/Passive
Soil Moisture Data Product (hereafter referred to as ‘L2 SM_ AP’ for brevity) for
external software interfaces. The SMAP Science Data Management and Archive Plan
Document provides a more comprehensive explanation of this product within the context
of the SMAP instrument, algorithms, and software.

1.3 The SMAP Mission

The SMAP mission is a unique mission that combines passive (radiometer) and active
(radar) observations to provide global mapping of soil moisture and freeze/thaw state
with unprecedented accuracy, resolution, and coverage. The resulting space-based
hydrosphere state measurements will improve:

= Understanding of the processes that link the terrestrial water, energy and carbon
cycles

= Estimate of global water and energy fluxes at the land surface

= Measurement of net carbon flux in boreal landscapes

=  Weather and climate forecast skill

* Flood prediction and drought monitoring capabilities

Table 1 is a summary of the SMAP instrument functional requirements derived from
its science measurement needs. The goal is to combine the various positive attributes of
the radar and radiometer observations, including spatial resolution, sensitivity to soil
moisture, surface roughness, and vegetation, to estimate soil moisture at a resolution of
10 km and freeze-thaw state at a resolution of 1-3 km.
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Table 1: SMAP Mission Requirements

Scientific Measurement Requirements

Instrument Functional
Requirements

Soil Moisture:

~+ 0.04 cm’/cm’ volumetric accuracy (1-
sigma) in the top 5 cm for vegetation water
content < 5 kg/m’

Hydrometeorology at ~10 km resolution
Hydroclimatology at ~40 km resolution

L-Band Radiometer (1.41 GH2z):
Polarization: V, H, T3, and T4
Resolution: 40 km

Radiometric Uncertainty*: 1.3 K
L-Band Radar (1.26 and 1.29 GHz):
Polarization: VV, HH, HV (or VH)
Resolution: 10 km

Relative accuracy*: 0.5 dB (VV and
HH)

Constant incidence angle** between
35° and 50°

Freeze/Thaw State:

Capture freeze/thaw state transitions in
integrated vegetation-soil continuum with two-
day precision at the spatial scale of landscape
variability (~3 km)

L-Band Radar (1.26 GHz & 1.29
GH2):

Polarization: HH

Resolution: 3 km

Relative accuracy*: 0.7 dB (1 dB per
channel if 2 channels are used)
Constant incidence angle** between
35° and 50°

Sample diurnal cycle at consistent time of day
(6 am/6 pm Equator crossing);

Global, ~3 day (or better) revisit;

Boreal, ~2 day (or better) revisit

Swath Width: ~1000 km
Minimize Faraday rotation
(degradation factor at L-band)

Observation over minimum of three annual
cycles

Baseline three-year mission life

* Includes precision and calibration stability

** Defined without regard to local topographic variation

The SMAP instrument incorporates an L-band radar and an L-band radiometer that
share a single feedhorn and parabolic mesh reflector. As shown in Figure 1, the reflector
is offset from nadir and rotates about the nadir axis at 14.6 rpm (nominal), providing a
conically scanning antenna beam with a surface incidence angle of approximately 40°.
The provision of constant incidence angle across the swath simplifies data processing and
enables accurate repeat-pass estimates of soil moisture and freeze/thaw change. The
reflector has a diameter of 6 m, providing a radiometer 3 dB antenna footprint of 40 km
(root-ellipsoidal-area). The real-aperture radar footprint is 30 km, defined by the two-
way antenna beamwidth. The real-aperture radar and radiometer data will be collected
globally during both ascending and descending passes.

To obtain the desired high spatial resolution, the radar employs range and Doppler
discrimination. The radar data can be processed to yield resolution enhancement to 1-3
8
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km spatial resolution over the outer 70% of the 1000-km swath. Data volume constraints
prohibit the downlinking of the entire radar data acquisition. Radar measurements that
enable high-resolution processing will be collected during the morning overpass over all
land regions as well as over surrounding coastal oceans. During the evening overpass,
data north of 45° N will be collected and processed to support robust detection of
landscape freeze/thaw transitions. The SMAP baseline orbit parameters are:

=  Orbit altitude: 685 km (2-3 day average revisit globally and 8-day exact repeat)
= Inclination: 98 degrees, sun-synchronous
= Local time of ascending node: 6 pm (6 am descending local overpass time)

Figure 1: The SMAP mission concept consists of an L-band radar and
radiometer sharing a single spinning 6-m mesh antenna in a sun-
synchronous dawn / dusk orbit.

The SMAP radiometer measures the four Stokes parameters, Ty, Ty, T3, and T4 at
1.41 GHz. The Ty and Ty channels are the pure horizontally and vertically polarized
brightness temperatures. The cross-polarized Ts-channel measurement can be used to

9
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correct for possible Faraday rotation caused by the ionosphere. Mission planners expect
that the selection of the 6 am sun-synchronous SMAP orbit should minimize the effect of
Faraday rotation.

Anthropogenic Radio Frequency Interference (RFI), principally from ground-based
surveillance radars, can contaminate both radar and radiometer measurements at L-band.
Early measurements and results from ESA’s Soil Moisture and Ocean Salinity (SMOS)
mission indicate that in some regions RFI is present and detectable. The SMAP radar and
radiometer electronics and algorithms include design features to mitigate the effects of
RFI. The SMAP radar utilizes selective filters and an adjustable carrier frequency to tune
to predetermined RFI-free portions of the spectrum while on orbit. The SMAP
radiometer will implement a combination of time and frequency diversity, kurtosis
detection, and use of T4 thresholds to detect and where possible mitigate RFI.

1.4 Data Products

The SMAP mission will generate 15 different distributable data products. The products
represent four levels of data processing. Level 1 products contain instrument related
data. Level 1 products appear in granules that are based on half orbits of the SMAP
satellite. The Northernmost and Southernmost orbit locations demarcate half orbit
boundaries. Level 2 products contain output from geophysical retrievals that are based
on instrument data. Level 2 products also appear in half orbit granules. Level 3 products
contain global output of the Level 2 geophysical retrievals for an entire day. Level 4
products contain output from geophysical models that employ SMAP data.

Table 1 lists the distributable SMAP data products. The table specifies two sets of short
names. The SMAP Mission product short names were adopted by the SMAP mission to
identify products. Users will find those short names in SMAP mission documentation,
SMAP product file names and in the product metadata. The Data Centers will use ECS
short names to categorize data products in their local databases. ECS short names will
also appear in SMAP product metadata.

Table 2: Standard SMAP data products

SMAP Product SO . .
Short Description Granularity
Short Name
Name
L1A Radar SPL1AA Parsed radar instrument telemetry —
L1A Radiometer | SPL1AP Parsed radiometer instrument -
— telemetry

L1B SO LoRes | SPLIBSO Low resolution radar o, in time order Half orbit

L1C SO HiRes | SPLICS0 High resolution radar o, on swath grid | Half orbit

LIB TB SPL1IBTB Radiometer Ty in time order Half orbit

LI1C TB SPLICTB Radiometer Tg on Earth-fixed grids Half orbit

L2 SM A SPL2SMA | Radar soil moisture Half orbit

L2 SM P SPL2SMP Radiometer soil moisture Half orbit
10
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L2 SM AP SPL2SMAP | Radar-radiometer soil moisture Half orbit
L3 FT A SPL3FTA Daily global composite freeze/thaw Nortoh of
- = state 45°N
L3 SM A SPL3SMA Dal.ly global composite radar soil Global
— — moisture

L3 SM P SPL3SMP Da}lly g!obal composite radiometer Global
- soil moisture

L3 SM_AP SPL3SMAP | Daily global composite radar- Global
— = radiometer soil moisture

L4 SM SPL4TSM Surface and root-zone soil moisture Global

L4 C SPL4AC Carbon net ecosystem exchange NZ;E};IOIC

15 L2 SM_AP Overview

The SMAP L2 SM AP product is derived from the SMAP L2 SM A and L2 SM P
products, which provide gridded SMAP radar backscatter and radiometer brightness
temperature observations (corrected to remove influence of waterbodies), ancillary data,
and quality-assessment flags. To generate the standard L2 SM AP product the
processing software ingests the 6:00 am descending half-orbit granules of the L2 SM_A
and L2 SM P product data (data from the 6:00 pm ascending half-orbit granules are not
currently considered by the L2 SM_ AP processing software). The ingested data are then
inspected for retrievability criteria according to input data quality, ancillary data
availability, and land cover conditions. When retrievability criteria are met, the software
invokes the baseline retrieval algorithm to generate soil moisture retrieval. Only cells
that are covered by the actual swath for a given projection are written in the product.

The final L2 SM_AP product contains gridded data of SMAP radiometer-based soil
moisture retrieval, ancillary data, and quality-assessment flags on the global 9-km
EASE2 Grid designed by NSIDC for SMAP. The L2 SM_AP product also includes
experimental gridded data fields at 3-km EASE2 Grids.

11
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2 DATA PRODUCT ORGANIZATION

2.1 Format

All SMAP standard products are in the Hierarchical Data Format version 5 (HDF5). The
HDFS5 is a general-purpose file format and programming library for storing scientific data.
The National Center for Supercomputing Applications (NCSA) at the University of
[llinois developed HDF to help scientists share data more easily. Use of the HDF library
enables users to read HDF files regardless of the underlying computing environments.
HDF files are equally accessible in Fortran, C/C++, and other high-level computation
packages such as IDL. or MATLAB.

The HDF Group, a spin-off organization of the NCSA, is responsible for development
and maintenance of HDF. Users should reference The HDF Group website at
http://www.hdfgroup.org to download HDF software and documentation.

2.2 HDF5 Notation

HDFS5 represents a significant departure from the conventions of previous versions of
HDF. The changes that appear in HDFS5 provide flexibility to overcome many of the
limitations of previous releases. The basic building blocks have been largely redefined,
and are more powerful but less numerous. The key concepts of the HDF5 Abstract Data
Model are Files, Groups, Datasets, Datatypes, Attributes and Property Lists. The
following sections provide a brief description of each of these key HDF5 concepts.

2.2.1 HDF5File

A File is the abstract representation of a physical data file. Files are containers for HDF5
Objects. These Objects include Groups, Datasets, and Datatypes.

2.2.2 HDF5 Group

Groups provide a means to organize the HDF5 Objects in HDF5 Files. Groups are
containers for other Objects, including Datasets, named Datatypes and other Groups. In
that sense, groups are analogous to directories that are used to categorize and classify
files in standard operating systems.

The notation for files is identical to the notation used for Unix directories. The root
Group is “/”. A Group contained in root might be called “/myGroup.” Like Unix
directories, Objects appear in Groups through “links”. Thus, the same Object can
simultaneously be in multiple Groups.

12
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2.2.3 HDF5 Dataset

The Dataset is the HDF5 component that stores user data. Each Dataset associates with a
Dataspace that describes the data dimensions, as well as a Datatype that describes the
basic unit of storage element. A Dataset can also have Attributes.

2.2.4 HDF5 Datatype

A Datatype describes a unit of data storage for Datasets and Attributes. Datatypes are
subdivided into Atomic and Composite Types.

Atomic Datatypes are analogous to simple basic types in most programming languages.
HDF5 Atomic Datatypes include Time, Bitfield, String, Reference, Opaque, Integer, and
Float. Each atomic type has a specific set of properties. Examples of the properties
associated with Atomic Datatypes are:

e Integers are assigned size, precision, offset, pad byte order, and are designated as
signed or unsigned.

e Strings can be fixed or variable length, and may or may not be null-terminated.

e References are constructs within HDFS5 Files that point to other HDF5 Objects in
the same file.

HDFS5 provides a large set of predefined Atomic Datatypes. Table 3 lists the Atomic
Datatypes that are used in SMAP data products.

Table 3: HDF5 Atomic Datatypes

HDF5 Atomic Description
Datatypes

HST STD USLE unsigned, 8-bit, little-endian integer

HS5T STD U16LE | unsigned, 16-bit, little-endian integer

HST STD U32LE | unsigned, 32-bit, little-endian integer

HS5T STD U64LE | unsigned, 64-bit, little-endian integer

HS5T STD I8LE signed, 8-bit, little-endian integer

HST STD I16LE signed, 16-bit, little-endian integer

HS5T STD I32LE signed, 32-bit, little-endian integer

HST STD 164LE Signed, 64-bit, little-endian integer

HS5T IEEE F32LE | 32-bit, little-endian, IEEE floating point

HST IEEE F64LE | 64-bit, little-endian, IEEE floating point

HS5T C S1 character string made up of one or more bytes

Composite Datatypes incorporate sets of Atomic datatypes. Composite Datatypes
include Array, Enumeration, Variable Length and Compound.

e The Array Datatype defines a multi-dimensional array that can be accessed
atomically.
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e Variable Length presents a 1-D array element of variable length. Variable Length
Datatypes are useful as building blocks of ragged arrays.

e Compound Datatypes are composed of named fields, each of which may be
dissimilar Datatypes. Compound Datatypes are conceptually equivalent to
structures in the C programming language.

Named Datatypes are explicitly stored as Objects within an HDF5 File. Named
Datatypes provide a means to share Datatypes among Objects. Datatypes that are not
explicitly stored as Named Datatypes are stored implicitly. They are stored separately for
each Dataset or Attribute they describe.

None of the SMAP data products employ Enumeration or Compound data types.

2.2.5 HDF5 Dataspace

A Dataspace describes the rank and dimension of a Dataset or Attribute. For example, a
“Scalar” Dataspace has a rank of 1 and a dimension of 1. Thus, all subsequent references
to “Scalar” Dataspace in this document imply a single dimensional array with a single
element.

Dataspaces provide considerable flexibility to HDF5 products. They incorporate the
means to subset associated Datasets along any or all of their dimensions. When
associated with specific properties, Dataspaces also provide the means for Datasets to
expand as the application requires.

2.2.6 HDF5 Attribute

An Attribute is a small aggregate of data that describes Groups or Datasets. Like
Datasets, Attributes are also associated with a particular Dataspace and Datatype.
Attributes cannot be subsetted or extended. Attributes themselves cannot have Attributes.

2.3 SMAP File Organization

2.3.1 Structure

SMAP data products follow a common convention for all HDF5 Files. Use of this
convention provides uniformity of data access and interpretation.

The SMAP Project uses HDF5 Groups to provide an additional level of data organization.
All metadata that pertain to the complete data granule are members of the “/Metadata”
Group. All other data are organized within Groups that are designed specifically to
handle the structure and content of each particular data product.

14

Not for Public Release or Redistribution. The technical data in this document is controlled under the U.S. Export
Regulations; release to foreign persons may require an export authorization.



JPL D-72548
SMAP L-2 Active/Passive Soil Moisture Data Product Document Specification

Initial Release
June 12, 2014

2.3.2 Data

All data in HDFS5 files are stored in individual Datasets. All of the Datasets in an SMAP
product are assigned to an HDF5 Group. A standard field name is associated with each
Dataset. The field name is a unique string identifier. The field name corresponds to the
name of the data element the Dataset stores. This document lists these names with the
description of each data element that they identify.

Each Dataset is associated with an HDF5 Dataspace and an HDF5 Datatype. They
provide a minimally sufficient set of parameters for reading the data using standard
HDFS tools.

2.3.3 Element Types

SMAP HDFS5 employs the Data Attribute “Type” to classify every data field as a specific
data type. The “Type” is an embellishment upon the standard HDF5 Datatypes that is
designed specifically to configure SMAP data products.

Table 4 lists all of the “Type” strings that appear in the SMAP data products. The table
maps each SMAP “Type” to a specific HDF5 Datatype in both the HDFS5 file and in the
data buffer. The table also specifies the common conceptual data type that corresponds
to the “Type” in SMAP executable code.

Table 4: Element Type Definitions

Type HDFS5 Datatype HDFS5 Datatype (Buffer) Conceptual
(File) Type
Unsigned8 H5T STD USLE HST NATIVE UCHAR unsigned
integer
Unsigned16 H5T STD Ul6LE | HST NATIVE USHORT | unsigned
integer
Unsigned24 H5T STD UI6LE, | HST NATIVE INT unsigned
with precision set to integer
24 bits, and size set
to 3 bytes.
Unsigned32 H5T STD U32LE | HST NATIVE UINT unsigned
integer
Unsigned64 HS5T STD U64LE | HST NATIVE ULLONG | unsigned
integer
Signed8 HST STD I8LE HST NATIVE SCHAR signed integer
Signed16 HST STD I16LE HS5T NATIVE SHORT signed integer
Signed32 HST STD I32LE HST NATIVE INT signed integer
Signed64 HS5ST STD 164LE HS5T NATIVE LLONG signed integer
Float32 HST IEEE F32LE | H5T NATIVE FLOAT floating point
Float64 HS5T IEEE F64LE | HST NATIVE DOUBLE | floating point
FixLenStr HST C SI HST NATIVE CHAR character
string
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Type HDFS5 Datatype HDF5 Datatype (Buffer) Conceptual
(File) Type
VarLenStr HST C SI, where HS5T NATIVE CHAR character
the length is set to string
HST VARIABLE

SMAP HDF5 files employ two different types of string representation. “VarLenStr” are
strings of variable length. “VarLenStr” provides greater flexibility to represent character
strings. In an effort to make SMAP HDF5 more friendly to users who wish to use
netCDF software, SMAP products restrict the use of “VarLenStr”. “FixLenStr” are
strings with a prescribed fixed-length. “FixLenStr” are useful for fixed length strings that
are stored in large multi-dimension array. UTC time stamps are an excellent example of
the type of data that store well in a “FixLenStr”.

2.3.4 File Level Metadata

All metadata that describe the full content of each granule of the SMAP data product are
stored within the explicitly named ‘“/Metadata” Group. SMAP metadata are handled
using exactly the same procedures as those that are used to handle SMAP data. The
contents of each Attribute that stores metadata conform to one of the SMAP Types. Like
data, each metadata element is also assigned a shape. Most metadata elements are stored
as scalars. A few metadata elements are stored as arrays.

SMAP data products represent file level metadata in two forms. One form appears in one
or more Attributes within the Metadata Group. Combined, those Attributes contain a
complete representation of the product metadata. The content conforms to the ISO
19115-2 models in ISO 19139 compliant XML.

The second form of the metadata appears in a set of HDF5 Groups under the “/Metadata”
Group. Each of these HDF5 Groups represents one of the major classes in the ISO
19115-2 model. These HDF5 Groups contain a set of HDF5 Attributes. Each HDF5
Attributes represents a specific ISO attribute of the associated ISO class. Although this
representation inherits design from the ISO model, it does not completely conform to the
model. In many cases, the names of the HDF5 Attributes match those used in the ISO
model. In some situations, names were changed to provide greater clarity to SMAP users
who are not familiar with the iSO model. Furthermore, to ease metadata searches, the
structure of Groups within Groups was limited to four levels.

2.3.5 Local Metadata

SMAP standards incorporate additional metadata that describe each HDF5 Dataset within
the HDFS5 file. Each of these metadata elements appear in an HDF5 Attribute that is
directly associated with the HDF5 Dataset. Wherever possible, these HDF5 Attributes
employ names that conform to the Climate and Forecast (CF) conventions. Table 5 lists
the CF names for the HDFS5 Attributes that SMAP products typically employ.
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Table 5: SMAP Specific Local Attributes

CF Compliant
Attribute Name

Description

Required?

units

Units of measure. Appendix E lists applicable
units for various data elements in this product.

Yes

valid max

The largest valid value for any element in the
Dataset. The data type in valid _max matches the
type of the associated Dataset. Thus, if the
associated Dataset stores float32 values, the
corresponding valid max will also be float32.

No

valid min

The smallest valid value for any element in the
Dataset. The data type in valid_min matches the
type of the associated Dataset. Thus, if the
associated Dataset stores float32 values, the
corresponding valid min will also be float32.

No

_FillValue

Specification of the value that will appear in the
Dataset when an element is missing or
undefined. The data type of FillValue matches
the type of the associated Dataset. Thus, if the
associated Dataset stores float32 values, the
corresponding FillValue will also be float32.

Yes for all
numeric
data types

long_name

A descriptive name that clearly describes the
content of the associated Dataset.

Yes

coordinates

Identifies auxiliary coordinate variables in the
data product.

flag_values

Provides a list of flag values that appear in bit
flag variables. Should be used in conjunction
with local HDF5 attribute flag_meanings. Only
appears with bit flag variables.

flag_masks

Provides a list of bit fields that express Boolean
or enumerated flags. Only appears with bit flag
variables or enumerated data types.

flag_meanings

Provides descriptive words or phrases for each
potential bit flag value. Should be used in
conjunction with local HDF5 attribute
flag_values.

2.4 Data Definition Standards
Section 4.6 of this document specifies the characteristics and definitions of every data

element stored in this SMAP data product.
characteristics that are listed in that section of this

document.

17

Table 6 defines each of the specific

Some of these
characteristics correspond with the SMAP HDFS5 Attributes that are associated with each
Dataset. Data element characteristics that correspond to SMAP HDFS5 Attributes bear the
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same name. The remaining characteristics are descriptive data that help users better
understand the data product content.

In some situations, a standard characteristic may not apply to a data element. In those
cases, the field contains the character string ’n/a’. Hexadecimal representation
sometimes indicates data content more clearly. Numbers represented in hexadecimal
begin with the character string *0x’.

Table 6: Data Element Characteristic Definitions

Characteristic Definition

Type The data representation of the element within the storage medium. The
storage class specification must conform to a valid SMAP type. The
first column in table 3 lists all of the valid values that correspond to this

characteristic.

Shape The name of the shape data element that specifies the rank and
dimension of a particular data set.

Valid max The expected minimum value for a data element. In most instances,

data element values never fall below this limit. However, some data
elements, particularly when they do not reflect normal geophysical
conditions, may contain values that fall below this limit.

Valid min The expected maximum value for a data element. In most instances,
data element values never exceed this limit. However, some data
elements, particularly when they do not reflect normal geophysical
conditions, may contain values that exceed this limit.

Valid Values Some data elements may store a restricted set of values. In those
instances, this listing specifies the values that the data element may

store.
Nominal Some data elements have an expected value. In those instances, this
Value listing provides that expected value. Nominal values are particularly

common among a subset of the metadata elements.

String Length | This characteristic specifies the length of the data string that represents
a single instance of the data element. This characteristic appears
exclusively for data elements of FixLenStr type.

Units Units of measure. Typical values include “deg”, “degC”, “Kelvins”,
“m/s”, “m”, “m**2”, “s” and “counts”. Appendix A and Appendix E
include references to important data measurement unit symbols.

2.4.1 Double Precision Time Variables

SMAP double precision time variables contain measurements relative to the J2000 epoch.
Thus, these variables represent a real number of Standard International (SI) compatible
seconds since 11:58:55.816 on January 1, 2000 UTC.
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2.4.2 Array Representation

This document employs array notation to demonstrate and clarify the correspondence
among data elements in different product data elements. The array notation adopted in
this document is similar to the standards of the Fortran programming language. Indices
are one based. Thus, the first index in each dimension is one. This convention is unlike C
or C++, where the initial index in each dimension is zero. In multidimensional arrays,
the leftmost subscript index changes most rapidly. Thus, in this document, array
elements ARRAY(15,1,5) and ARRAY(16,1,5) are stored contiguously.

HDFS5 is designed to read data seamlessly regardl