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Abstract

Both Data Access Protocdlersion 2(DAP2) and Hierarchical Dat&ormat Version §HDF5)
areendorsed bjNASA Headquarteras recommendeghrth siencedata systemstandardsThis
technical note presengeneral HDF&o-DAP2 mapping informationinformation regarding the
mapping of HDF5@roum object and the mapping of HDF5 data types crucial for NPOESS is
discussed in detaiSpecialHDF5to-DAP2 mapping information for NASA HDEOSS dta

that is needetb ensure easy accdsshese data via DAP2 and DAP2 cliergslso covered.
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1 Introduction
1.1 Motivationand purpose

Both Data Access Protocol VersioNRAP2) and Hierarchical Data Foat Version 5 (HDF5)
are endorsed byNASA Headquartexy as recommendedarth siencedata systemstandards
Mapping HDF5 objects to DAP2 is a challenging task because DAP2 and HD¥e sloare the
same data modeFurthermore earth sience data stored in HDF5 files may have special
information thatalso needs to becarefully mappedin order for DAP2-compliant softwardo
easilyaccess thdata

This technical noterovides general HDF&0-DAP2 mapping informatiomnd documerg how
information specific to earth sciencich as geolocation information inside an HDF5, filen
be mappedo DAP2.In addition, his technical note serves as a refereiocghose who would
like their earth sience applications to access HDF5 datagif®)/AP2compliant software.

1.2 Overview of HDF5

HDF5 [1; 2] is a generapurpose library and file format for storing, managing, archivargl
exchanging scientific data. It can store alm®gtrykind of scientific data structuréncluding

images, arrays of w#ors, structured and unstructured grids, and text. The HDF5 data model
includes two primey types of objects a number of supporting Tt types, and metadata
describing how HDF5 files and objects are to be organized and accessed. The HDF5 file format
describes how HDF5 data structures are represented in storage, in memory, or on other media.
The format is selflescribing in the sense that the structures of HDF5 objects are described
within the file.

HDF5 was awarded the AR&Dc hln0o0loo gaiwaarld yi nsigha &
t hat can c & Bvesgfer the bedtgy HDED is in production use by academia,
governmentand commercial companieshe HDF Group, a neprofit corporation, develops,
owns, licenses, and distributd®Fb5.

HDF5 hasbeen embracedsaan important data format foamth science and computational
scienceHierarchical Data Faonat Earth Observing System VersionHDF-EOS) [3; 4], which

is built on top of HDF5, is the primary data format for datanfrthe Aura satelliteHDF5 is
being usedas the data format for the raahe data products produced from thedgency
National Polar Orbiting Environmental Satellite System (NPOES8g newgeneration of
network Common Data FormatgtCDF, netCDF4, is built on tp of HDF5
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1.3 Overview of DAP2

DAP2[5; 6] is alsoa NASA communitystandardused to serve data within NASA from many of
its data centersand from many other diverse sources and organizations.-§ipegoe Project for
a Network Data Acess Protocol (OPeND®) is a noprofit corporation whose mission is to
maintain, promote and evolve DAP (currently DAP2) as well as other related technologies.

Data served using DAP2 are made available using simple descriptions built of basic computer
science data types. Theslescriptions are thus nearly universal in their scope. In a typical
deployment, DAP2 servers are written to transform local representations (i.e., data stored in
specific data formats) of data into this nearhjversal representation. Because each fibataat

has been developed in concert with a certain set of requirements, eaet fequires special
attention when developing the mapping betwe#me local representation and the DAP2
representationThroughout the rest of this technical note 6 OP e NeDesENtS clierderver
software that supports DAP2
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1.4 How to access HDF5 data via OPeNDAP

Figure 1 shows howo access HDF5 filegemotely via OPeNDAP. The complete data
processing system consists of six components: (1) the remote HDF5 data (in thideexiaen
HDF5 data are HDIEOSS files generated from instruments on the NASA Aura satellite), (2) the
HDF5-OPeNDAP data handléo map the remote data mDAP, (3) an OPeNDAP data server
(e.g, Hyrax), (4) an OPeNDAP library to transfer data over the Internet, (5) an OPeNDAP client
library (e.g, libnc-dap) to receive the HDF5 data, & avisualization and analysis tool (e.g.
IDV) built with the OPeNDAPclient library to visualize and analg the remote HDF5 data.

Courtesy NASA/JPL-Caltech.
~

e
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HDF5 Files
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Mapping HDF5 to DAP

Figurel: Accessing HDF%iles via OPeNDAP
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2 Background
2.1 Introduction to HDF5 bjects

The HDF5 data model includes two primaypes ofobjects: dataset and group. It alsgsother
supporting objectypes, includingattribute and dattype.Essentially, a dataset object consists of

a data array with some metadata information (attributes) that describe the array. The array
elements all haasthe same HDF5 data typfe.groupobject is used to show relationships among
objects. An HIF5 file may be viewed asdirected graphvith at least one group, called the root
group. An object in HDF5 can belong to different grqugsd HDF5 usedinks to distinguish

which group an object is associated with.

One can c omp a s eatabeDdnd links to @ WNdXUfile system: An HDF5 group is

like a directory; an HDF5 dataset is like a file; and a link is like a path to a directory orA file.

path d an object that starts from the HDF5 root group is caledibsolute path of the objed;

path that does not start from the root graipalleda relative path of the object. Like a UNIX

file system, the absolute path thie HDF5 root group is alwayaf or war d s | ikesh &6/ 6
UNIX, a6 /isiusedin the name oh path toseparate an HDF5 group an HDF5dataset from

their parent group.

The HDF5 data model defines a rich collection of atomic dgbes that includes integer,
floating-point, string, enumeration, bitfield, array, reference, opaque, and valaigéh data
types.A compound datéype defines a contiguous sequence of byed isconceptually similar

to a C structureA compound datéype may have any number of members, in awlgig and the
members may have amjDF5 datatype, including compound. Thus, complex nested compound
datatypes can be create@bject reference and region reference are HDF5tgpés that can be

used to access HDF5 objectim particular an object refrence can be used to access an HDF5
group or datasetind aregion reference can be used to access regions of an HDF5 dataset. More
information about HDF5 objects can be found inthB F5 Us erf@s Gui de

2.2 Introduction to DAP2bjects

The DAP2 data modeteats every file it serves as a DARataset. DAP2 uses ancillary data to
describe the shape and size of data types that make up a DAP2 dataset and provides information
about the datasetodos attributes. The abatsa®d &ts
structure and the relationships between its variables, and the Dataset Attribute Structure (DAS)
provides metadata information about the variables themselves. The Dataset Descriptor in XML
(DDX) combines DDS and DAS and geawrs the output in XMLformat. DAP2 Data
representation includes atomic data types and constructor data types. Atomic data types include
integer typesfloating-point types and string types. The DAP2 integer data types incltue 8
unsigned charByte), 16-bit signed short irgger (nt16), 16-bit unsigned short integet(nt16),

32-bit signed integerlt32), and 32bit unsigned integeryint32). The DAP2 floatinegdata tyes

include IEEE 32vit floating-point (Float32) and IEEE 64bit floating-point (Float64).
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DAP2 URL, a DAP2 string type, is a string containing an OPeNDAP Uniform Resource Locator
(URL). A user can specify an OPeNDAP URL to indicatata file on a remote host machine.
The DAP2 URL type is not restricted to ongn OPeNDAP URL; it can essentiglserve as a
reference for any DAP2 object. This featwas usedo mapthe HDF5 object reference/region
referencalata typeso DAP2.

DAP2 constructor data types include Array, Stnoet Grid and Sequence. A DAP2rAay is the
same as a C array. A DRFStructire is the same as a C sturet

A DAP2 Grid sets up an association of an N dimensional array with MNliomensional arrays.
These onalimensional arrays are usually called dimensional variables. The data values of these
dimensional variables describe dimensional informatbrthe N dimasional array. In earth
science applications, geolocation fields such as latitude and longitude are examples of
dimensional variables. For example, afhmensional array that stores atmospheric temperature
data temp [180][360] and two owmkmensional aays that store latitude and longitude lat[180]

and lon[360] form a DAP2 Grid.

More information about DAP2 Data representation can be found in the OPeNDARSuder

[8].
3 GeneraHDF5-to-DAP2 mapping

A significant number of HDF5 objecttirecly match DAP2 objects andcompletely mapping
these HDF5 objectsis straightforward However, becauselDF5 and DAP2 have different data
models, itcanbe difficult, or even impossibldo fully mapall HDF5 objects to DAP2.

Several of the difficulto-map HDF5 objects arso crucial for earth science applicatiotigat
representationsf those objects in DAP3houldbe providedand available to the DAP2 clients
that need thenThe DAP2 representations should allD&P2 clientsthat do notunderstand the
HDF5 objects to simply ignore the corresponding DAP2 objects without negative consequences.

The following sections discus®ww HDF5 objectare mapped to DAP2Considerable detail is
presented forthe representation oflifficult-to-map objects that are crucial for earth science
applicdions The HDF5 data type objects are covered fiislipwed by datasetgyroups, and
attributes.
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3.1 HDF5 data types that exactly map to DAP2

Table 1 lists the HDF5 data types that exactly map A®2) Data representation of the DAP2
data type isthesame as the equivalent HDF5 data type.

Tablel: Mapping information for HDF5 data tyibat exactly map to DAP2

HDF5 Data type DAP Data type
8-bit unsigned integer Byte

16-bit unsigned integer Uint16

32-bit unsigned integer Uint32

16-bit signed integer Int16

32-bit signed integer Int32

32-bit floating-point Float32

64-bit floating-point Float64

String String

3.2 HDF5data types that do nekactly map td>AP2

3.2.1 HDF5data types that cannot beapped to DAP2

HDF5 atomic data types that cannot map to DAP2 include:

Bitfield

Opaque

Time
Enumeration
Array

Variable Length

= =42 =8 8 -4 -8 -4 -9 -9

Signed integewhen the number of biis greater than or equal to 64
Unsigned integewhen the number of biis greater than or equal to 64
Floatingpointwhen the number of biis geater tha 64

A data exception error shoulik generated if HDF5 datasets or attributes with any of the above

data types are

to the DAP2 Array type.

fetched by OPeNDAP. efuwvalemt t hat
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3.2.2 HDF5 data types that cdoe mapped to DAP2

HDF5 data types thatam bemapedto DAP2 include:

1 8-bit signed integer
1 Object and region references
1 Compound

3.2.2.1 8-bit signed integer

Some NASA HDF5 files have data within 8-bit signed integerdata type which has no
corresponding DAP2 data type. To access all physical variables of these files via OPENDAP,
bit signed integeraremapped to DAP2 Int16. The corresponding DAP2 data size will ingrease
dueto theincrease irthe numbenf bits from 8 to 16.

3.2.2.2 Object and region references

HDF5 objectreference and regiereferencetypesdo nd have equivalent DAP®pes Since

they are essential for future NPOESS HDF5 d#he, HDF5 objectreference and region
referencdypesae r epresented using DAP206s URL dat a
a Constraint Expression, it is pdds to use a DAP2 URIto reference eithean entireHDF5
dataset or a specific part of an HDF5 dséd.

3.2.2.2.1 Object reference

Figure 2 illustrates the structure of an HDFb5 file that includes an HDF5 dé&tasetich the
data type is object reference. This file consists of one ggnamsl, and four HDF5 datasets
under this group. One datasetll, is an HDF5 object referenceray. This object reference
array includes three elemertsat referto three other HDF5 datasetganl, gran2, andgran3
The file name is grans1.h5.

Object References

Figure 2: An HDF5 file that includes an object reference dataset

ty
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The following example which refers to the HDF5 file in Figure Butlines theprocess for
accessing dateferenced byhe HDF5 object referencgia DAP2

1)

2)

3)

4)

5)

6)

The OPenDAP clienssues aequest taccessheDAP2 DDSfrom an OPeNDAP server
http://dummy.localhost.com/opendap/data /grans1.h5.dds
In this request, http://dummy.localhost.com/opendap/data represents an

OPeNDAPserver grans1.h5 is the HDF5 file hame, angransl.h5.dds  means to
fetch the DDSor thefile.

The object reference is displayed within the returned DDS:
Ul /gransl/od 1[3]
For compactness, othdisplayednformationhas beemmittedin this example.
The absolute HDF5 path(s) the object reference refers to are requested by the client.
The client can request the entire /grans1/odl1 array
http://dummy.localhost .com/opendap/data/gransl1.h5.dods?/gransl/od1

Alternatively, the client can request a single element of the ,ausityg thei] syntax to
specify the index of the desired eleméwtheni is equal to1, the second element is
requested

http://dummy.localhost.com/opendap/data/grans1.h5.dods?/gransl/od1[1]

The OPeNDAP servarturns the absolute p#éh of the HDF5 dataséd) referenced by
the requested array element(s).

The result for thdirst requesténtire arraywill be:
{lgransligr  anl, /gransl/gran2, /gransl/gran3}

The result for the second request (element with index 1) will be:
{lgransl/gran2}

The OPeNDAP client can nowetrieve the data in thereferenceddataset using the
absolute path returned by the OpeNDAP server in thequestep:

http://dummy.localhost.com/opendap/data/grans1.h5.dods?/grans1l/gran2

The data in thgran2dataset will be returned.

1C
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3.2.2.2.2 Region reference

Figure 3 illustrates the structure of an HDFS5 file that includes an HDF5 dé&asetich the
data type igegion reference. This file consists of one graynans2 and three HDF5 datasets
under this group. One datasedl, is an HDF5 region reference array. This region reference
array includes two elementisat referto subsets of two HDF5 dataset arralysthis case, those
subsets arfgrans2/gran4 [1:4]and/grans2/gran5 [0:1][1:3. The file name is grans2.h5.

-

grans2
gran4 rdl.- RN gran5
data " ‘ “"--.__ data
-’ —
1 %4 _5/6 78 9_1.0JL___‘___.-"R‘eglon References 0 ;jZ 34
=TT 516 7/ 89

Figure 3: An HDFS5 file that includes a region reference dataset

The following example, which refers to the HDF5 file in Figure 3, outlines giecess for
accessing dateferenced byhe HDF5 region referenceia DAP2 The process is similar to the
one just presented for object references, so smmenentarys omitted inthis example.
1) The OPenDAP client issues a request to access the DAP2 DDS from an OPeNDAP server
http:/  dummyl ocalhost.com/opendap/data/grans2 .h5.dds
2) The region reference is displayed within the returned DDS.:
Url /grans2/rd1 2]

3) The absolute HDF5 paths(s) and region(s) the refereatersto are requested by the
client Theentire array or a single element can be requestedeiiiire array is requested
here:

http:/dummy.| ocalhost.com/opendap/data/grans2 h5dods?grans2  fr d1

11
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4) The OPeNDAP server returns trequested information. The result for this example will
be:

{ lgrans2/gran4[1:4], /grans2/gran5[0:1][1:2] }

5) The OPeNDAP client can noretrievetheregion of datan the referencedatasetusing
the absolute pathnd region bundsreturned by the OpeNDAP server in the previous step:

http://dummy.localhost.com/opendap/data/grans2.h5.dods?/grans2/gran4|1:4]

6) The data in the specified region of t@n4 dataset will be returned:
{2,3,4,5}

3.2.2.3 Compound dat#ype

An HDF5 compoundatatype is generally mapped ®DAP2 Sructure as long as the base
membes of the compound dataype can be mapped to DAPEowever when thecompound
data type has hase membewhose data types either object reference or region referertbe,
compound dat#ype cannot be mapped. A nested HDF5 compoundtygia¢éacan be mapped to
DAP2 provided all of the compound types in the nesting hierarchy can be mapped

The following showsa DAP2 DDS tha consists of an array of DAP2r8ctures mapped froma
nested HDF5 compound ddtgoe array.

Dataset {
Structure {
Int32  outer_int;
Structure {
Int32 inner_int;
Float32 inner_float;
String inner_name;
} outer_com;
String out_name;
} ArrayOfStructures [3];
} compound.h5;

3.3 HDF5 datasets

The primary data component af &IDF5 dataset ismost oftera multidimensional data array. As

long as the HDF5 data type of an HDF5 dataset can be mappdedP2, the primary data
component of alDF5 dataset will be mapped to a DAR&ay variable. HDF5 Scalar datasets
(those with a single value) map to DAP2 varialdentainingDAP2 data typs mapped from the
corresponding HDF5 data type§he name of th®AP2 variable will be the absolute pati the

HDF5 dataset. The need for the absolute path as the variable name is discussed further in section
3.4. Mapping the attributes of an HDF5 dataset to DAP2 is discussed in section 3.5.

12
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3.4 HDF5 groups

An HDF5 groupobjectdoes not have an equivalenAB2 object.Since HDF5 groups are used
to show relationships among HDF5 objects, HDF5 group objects must be mapped to DAP2 to
ensure the hierarchical relationships in an HDF5 file can be reconstructed by a DAP2 client.

Since @ery group (and dataset) in BiDF5 file is part of a hierarchy originating from the HDF5
root group,the HDF5 groupsind the relationships they establisan be mapped using a single
DAP2 attribute. This attribute, namétDF5_ROOT_GROUPexpresses the entire hierarchy of
groups and dasetsin an HDF5 file.Note that thedescribeddAP2 mapping representation for
HDF5 groups does not handigcles in the graph hierarchwhich areallowed by the HDF5
format, but rarely used.

As mentioned in section 3.2 HDF5 dataset will be mapped @ DAP2 variable Since
different HDF5 datasets under different groups can have the sametharabsolute path @n
HDF5 dataset should be used as the name of the correspondirgyvBiddble in order to avoid
ambiguity.

An HDF5 group can also have dttites. Mapping the atbutes of an HDF5 group DAP2 is
discussed in section 3.5.

The following example illustrates the mapping of HDF5 groups to DARBough this example
shows only two levels of groups in the graph hierarchy, the DAP2 represeui@i®not restrict
the number of levels that can be mpad The example alsdemonstrates the need for absolute
paths in DAP2 variable names.

13
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Figure 4 shows arlDF5 file, group.h5 with four groups: the root grou@), g1, g2 and g3.
Groupglincludes two datasetstructlandstruct2 Groupg2 includes two datasetdl andd2.
Groupg3also includes two datasetd andd4.

Datasetsstructl and struct2in groupgl are scalar valuewith the HDF5 compound datgype.
structlandstruct2are respectivelgquivalent tahe Cstrucuresslands2shown here:
s
inti;
float f;

}

s2{
int ai[100];
float af[100];

Datasetsll in groupg2 is an integer array of 100 elemenbatasetd? is afloating-point array
of 100 elementsDatasetdl in groupg3 is a scalawith an integerdatatype Datasetd4 is a

scalarwith a floatingpoint datatype.

JoROIRe

structl struct?2 dl d2 dl d4

Figure 4 An HDF5 file that includes HDF5 groups and datasets

14
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Whenthe file group.hSs mapped to DAP2he HDF5_ROOT_GROURittributefound in the
DAP2 DAS tablesxpresses the entire hierarchy of groups and datasets in the file:

Attributes {
HDF5 ROOT_GROUP {
g1{
String Dataset fistruct 10, fistruct 20;
}
92 {
String Dataset ndlo, id2o;
}
93 {
String Dat asiet sidMdl
}
}
} group.h5;

The DDS of group.hBontains entries for all of the HDF5 dataset objects in the file. Notice that
absolute paths are used in the variable names:

Dataset {
Structure {
Int32i
Float64 f;
} /gl/structl;
Structure {
Int32 ai[100];
Float64 af[100];
} /gl/struct2;
Int32 /g2/d1[100];
Float64 /g2/d2[100];
Int32 /g3/d1 ;
Float64 /g3/d4;
} group.h5;

The DDX representation is as follows:

15
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<Dataset name=Agroup. h50 >
<At tribute name=AHDF5_ ROOT_GROUPO type=inCont ai
<Attribute name=figlo type=AaContainero>
<Attribute name=fiDatasetso type=AaStringo>

<value>fistructl struct2o</value>
</Attribute>
</Attribute>
<Attribute name=fAg20 type=AContainer o>
<Attribute name=fiDatasetso type=AStringo>
<value>fidl d2o6</value>

</Attribute>

</Attribute>

<Attribute name=Ag30 type=AContainer o>
<Attibu t e name=fiDatasetso type=AStringo>

<val ue>f4ddl</ val ue >

</Attribute>

</Attribute>

</Attribute>

<Structure name=iA/gl/structlo>
<l nt 32 naome=ii
<Float64 name=AfAf o/ >

</Structure>

<Structure name=fA/gl/struct 20>
<Array name=fai 0>

<Int32/>

<di mension size=fil000/ >
</Array>
<Array name=naf o>

<Float64/>

<di mension size=fil000/ >
</Array>

</Stru cture>
<Array name=fd/ g2/ d10d>

<Int32/>
<di mension size=A1000/ >
</Array>
<Array name=fd/ g2/ d20¢>
<Int32/>
<di mension size=fil000/ >

</Array>
<l nt32 name=0f/>g3/ dl1

<Float64 hghedao/ >
</Dataset>
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3.5 HDFS5 attributes

HDF5 group and dataset objects can have attributes. An HDF5 attribute that is either a scalar or a
onedimensional array can be mapped to a DAP2 attribute as long as the data type of the HDF5
attribute can be mapped DAP2. The DAP2 attribute mapped from an attribute of an HDF5
groupneeds to be distinguishdédm the DAP2 attribute mapped from an attribute of an HDF5
dataset. In order to do this, f o r wa rigsladded s thehenddof tlie name @fAP2 variable
mapped from an HDF5 group objesthen representing the attribute of that variablEor
example, a HDF5 file attr.h5includes onegroup and one dataset under the root group. The
absolute path of the group /ig4. The absolute path of the datasetdS. The group has an
attributeandthe name igattr. The dataset also has an attribamelthe nameis dattr. Data type

of both attributes is HDF5 String. When mapping this HDF5 file to DAR2 DAP2 DAS table

is given below. Please notthatt he 6/ at tha eémd eofigd. For compactness, the
HDF5_ ROOT_GROURittribute that expresses the entire hierarchy of the HDFS5 file is omitted

in the DAS table

Attributes {
194/ {

}
/d5 {

}
}attr  .h5;

String gattr fAgroup attribute valuebo,;

String dattr Rdatradbet e val ueo;
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4 Special Mapping for HDFEEOSS objects

One goal of mapping HDF5 to DAP2 is to enablsyaccess tdNASA HDFEOSS data via

DAP2 <clients. Many widely used OPeNDAP visual
Data Viewer (IDV) P] and the Grid Analysis and Display System (GrAD${]] require the
representatin of geolocation information fahe dah to follow the classic netCDF data model

[11; 12] and CF conventionslB]. The generaHDF5to-DAP2 mappingvas designed to handle

HDFS5 files from all domainsand did not providéhe requisite representatiofh.special mapping

for NASA HDFEOSS data is necegygafor OPeNDAP clients to visualize and analyze these

data.

Two types of HDFEOSb objects,grids andswatls, are widely used to store NASA HEFOSS
data. More than 99% of NASA HDEOS data are eithegrids or swaths. Inrare cases, an
HDF-EOSb file includes botha gridobject anda swath objectThis technical notenly consides
casswherean HDFEOSS file includes either a grat a swath

The order of dimensions in the grid and swath examplesrshawhe following sections is in C
order with the latsdimension being the most rapidly incrementing dimension.

4.1 HDF-EOSS gids
4.1.1 Overview

An HDF-EOSS5 grid is a daa object that is organized byeographic spacing that can be
computed through projection informatioAn HDF-EOS5 grid consists primarily of physical

data fields and attributes describing those fields. The physical data fields are usually
multidimensional data arrays, and atered as HDF5 datasefBhe geolocation information is
always provided implicitly by projeion parameters contained in aesfal HDF5 scalar dataset
called StructMetadata.0Specialdata processg needs to belone to retrieve the geolocation
informationof a physical variable in aHDF-EOSS5 gid file.

The HDFEQOSS library allavs an applicatiorio store the gd data in one of more than a dozen
projections.The projections only apply to horizontal geolocation fields: latitude and longitude.
There arewo classef projectionsfor describing the dimensionality ¢dtitude and longitude

1-D projectiors and 2D projectiors.

Mapping an HDFEOSS5 grid of1-D projectionsto DAP2 is different than mapping an HDF
EOS5 grid of2-D projections. The detailed mapping information feb Jprgections and 2D
projections is givem the followingtwo sections

4.1.2 1-D projections

Figure 5 shows part chn HDF-EOS2 grid filefor a 1-D projection The projection isa
geographic projectionThe Network Common Data Form Language (CBike description of
the grid structurdor this HDF-EOS5grid file is also inserted in the figur@&he example data
field is Ozonelt is an 8-by-14, two-dimensional array represented by red dots.
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All data points along each horizontal line (paralteXDim) share the samatitudeand all data

points along each verticéihe (parallel to YDim) share the same longitude. Therefore,

aone

dimensional array with 14 elements can be used to describe the longitude ebtlesta field.
A onedimensional array with 8 elements can be used to describe the latitude ofDthiata

field.
. XDim |
e V — Pt A5 Q ........... P P=......... ¢ ............ 0 ............ &5 & vty P W T— 0
R (R @ @ 9. ........... ? .......... F SRR @ eeeeeennee 9 ............ 9 ............ 9 ............ 9 ............ .e, ............ 9 ........... - ST &
sesaluisieey @ @i @ 0 ........... @ @i -0 ............ 9 ............ Q ............ O ............ ? ............ 9 ........... @ e o
=
5 ....... @ @ e [ TR O ........... @ P SRR 9 ............ 0 ............ P @ @ e @ vvereneen o
>
PP P @ cereenennns @ ceveereenes @ oo .o, ........... 9 ............ 9. AAAAAAAAAAAA “ ............ 9 ............ @ ceereerenns Q ............ @ Q ........... O ............ 9 o
encsolsennens @ cereenenees @ s @ o et 9 ............ @ 9 ............ 0 ............ @ oo @:ereeeenn @ eeeeen 0 ........... 9 ............ 9
cssacbusancas @ e @ @ @ S @ T SLRTERP 9 ............ 0 ............ @:vereernes @ ceienene @ e @i [ YT @
v -
PO AR L~ TEREREERIE [~ TEEEEEEEE @ oo L et L~ TR @ 9 ............ 9 ............ 9 ............ 9 ............ 9 ............ 9. ........... 9 ............ 9

HDF EOS5 INFORMATION
StructMetadata.0 =
né XDim= 14 YDim = 8
UpperLeftPointMtrs =( -156.0,71 .0)LowerRightMtrs =( 180.0, -75.0)
€ Projection = HE5_GCTP_GEO ¢€é0o

HDF EOS5 GRIDS:
Float32 Ozone(YDim, X Dim)

Figure 5: An HDFEOSS5 grid containing a-[D geographic projection.
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As seen from the example in Figurefér, a 1D projection it is sufficient to use all array to
describe the latitude of the data field and a seceDdatray to describe the longitudehe size
of the1-D arrays correspond to the sizes of leeizontal dimensiasof the data field.

A DAP2 Grid can beused to associate the geolocation information, such as latitude and
longitude, with physical variablessor a 1D projection HDFEOS5 grid, aDAP2 Grid hat
consists of the physical variable and the associatédde and longitude needs to be generated
The latitude and longitude values can be computed through special processing of the information
provided in the HDF%tructMetadata.@ataset.

The DDS ofthe DAP2 file mapped from the HDEOSS5 grid containing a-[D projection shown
in Figure 5 is given here:

Dataset {
Grid {
Array:
Float32 Ozone [lat=8] [lon= 14] ;
Maps:
Float32 lat[lat = 8];
Float32 lon[lon = 14];
}
Ozone;
}

Because many OPeNDAP clients assume the dateed by OPeNDAP adheres to CF
conventions, some additional attributes need to be generated to ensure that OPeNDAP clients
following the CF conventions can successfully access an-HDE5 file via OPeNDAP
software. CF conventions imply that three DAP2 global attribute (@5 GLOBAL, lon

and la t) be available. Merefore, an HDF®PeNDAP handler should provide these three
attribute set# it serves HDFEOSS files.

It is important tonote that CF conventions are still evolvirgnd a significant number of
OPeNDAP clients gradually update their software to follow the latest requirements in CF
conventions. Although some attributes may not be necessary for some OPeNDAP clients, to
ensure lte maximum number of OPeNDAP clierdan access NASA HDHEOSS data, these

three attribute setshouldbe provided.

The DAS of the DAP2 file mapped from the HIHOSS5 grid shown in FigureiS presented on
the next pageNC_GLOBAL, lonand lat generated byan HDF5DAP2 data handleare
presented ithe DAS table
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Attributes {
NC_GLOBAL {

String title "NASA EOS Aura Grid";

String Conventions "COARDS, GrADS";

String dataType "Grid";

String history "Tue Jan 1 00:00:00 CST 2 008: imported by
GrADS Data Server 1.3";

}

lon {
String grads_dim "x";
String grads_mapping "linear";
String grads_size " 14"
String units "degrees_east";
String long_name "longitude”;
Float32 minimum - 156;
Float32 maximum 180;
Float32 resolution 24 :

}

lat {
String grads_dim "y";
String grads_mapping "linear";
String grads_size "8 "
String units "degrees_north";
String long_name "latitude”;
Float32 minimum -75;
Float32 maximum 71 ;
Float32 resolution 1 8.25 ;

}

}
The values fograds_size, minimum , maximum and resolution in lon and lat can

be retrievedirom the StructMetadata.Gataset in the HDIEOSS grid. Other attribute values
insidelon andlat , and all attribute values insid¢C_GLOBALshould be supplied by HDF
EOSS5 data providers. In case the values are not supplied, the-BWFS data handleshould
provide default values for the attributes.

In summaryfor al-D projectionHDF-EOS5 grid after mapping thelDF-EOS5 gridto a DAP2
Grid andadding attributes based @+ Conventionsmmany OPeNDAP clientsan successfully
retrieve the geolocatiomformation represeéad by the DAP2 Grid via an OPeNDAghent
library.
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4.1.3 2-D projection

Figure 6 shows part of an HEEEFOS5S grid file for 2D projection. The projection is a polar
stereographic projection. A CBlike description of the grid structufer this HDF-EOS5grid

file is also inserted in the figur&he example data field is Temperatulteis a 9-by-7, two-
dimensional array.

90E

HDF EOS5 INFORMATION

StructMetadata.O =
Aié XDim=7 YDim = 9
UpperLeftPointMtrs =(-38.5,58.5 ) LowerRightMtrs =(37.5, -53.5)

€ Projection = HE5_GCTP_PS é A

HDF EOSS5 GRIDS:
Float64 Temperature (YDim, XDim)

Figure 6: An HDF-EOSS5 grid containing a-PR polarstereographic projection.
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For this polar projection,no data points(red dots)alongthe grid lines parallel to XDim and
YDim share the same latitude or longitude valddeerefore, é@-by-7 two-dimensional arrays
neededo describe theolngitude of this 2D data field and anotherl®-7 two-dimensional array
is needed to describe thenfptude.

As seen from the example in Figure 6, fed rojections, two 2D arrays are needed to describe

the latitude and longitude of the data field (one array for each dimenglankizes of these2-D

arrays correspond to the sizes of therizontal dimensions of the data fielthe latitude and
longitude values can be computed through special processing of the information provided in the
HDFS5 StructMetadata.@ataset.

For a 2-D projectionHDF-EOS5 grid there isno corresponding DAP2 gdrt to describe both
geolocation information anthe physical field. FortunatelyCF conventions provide a way to

handle thiscae. Following CF conventionsDAP2 variablesshould be generated to store
longitude and latude lon should be used as the DARariable name for longitude arat

should be used as the DARa@riable name for latitude. Thghysical variable should have an

attribute calledcoordinates  to specify the geolocation information of the variable. The
coordinates  attribute should include the name list dhe DAP2 variablesthat store the

geolocation information.For example,f the geolocation fields associated with ophysical

variable, Temperature are latitude and longitugean attribute for Temperature called

coordinat es wi t h t Hoelatv @&l sd ol d be addtengeratuce DAP2 v al

Three DAP2 global attribute se(SIC_GLOBAL, lon , and lat ) still need to be provided.
However,only units andlong_name mustbe specifiedn lon andlat . NC_GLOBAlcan be
populates witldummy values.

The DDS of the DAP2 file mapped from the HIEHOS5 grid containing a-R projection shown
in Figure 6 is given here:

Dataset {
Float 32 lat[lat= 9lon=  7];
Float 32 lon[lat= 9lon=  7];
Float 64 Temperature][ lat= 9]llon=7 1];
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The DAS of the DAP2 file mapped from the HIEFOS5 grid shown in Fige 6 is presented
here:

Attributes {
NC_GLOBAL {
String title "HDF5 2 - D project ion Grid";
String Conventions "COARDS, GrADS";
String dataType " Grid";

String history "Tue Jan 1 00:00:00 CST 2008 : imported by
GrADS Data Server 1.3";
}
lon {
String units "degrees_east";
String long_name "longitude” ;
}
lat {
String units "degrees_north";
String long_name "latitude” ;
}
Temperature  {
Coordinatedat @l on
}

The HDF-EOSS library does not provide a way to retrieve geolocation informéton an
HDF-EOS5 gridother than latitude and longitud€his technicalnote does not discuss cases
where thegeolocation field isieither latitude nolongitude.
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4.2 HDF-EOS5 Swath

The concept of an HBEOSS swath is based on a typical satellite swath, where an instrument
takes aseries of scans perpendicular to the ground track of the satellite as it moves along that
groundtrack An HDFEOS swath also consists of physical data fielded attributes that
describe those fields. Like an HEFOSS grid, the data are stored amultidimensional array
described by HDF5 datasetdnlike an HDFEOSS grid, horizontalgeolacation fields are also
stored agnultidimensional arrays described by HDF5 datagetsvo-dimensionakrray is use

to store eachorizontalgeolocation field.

In addtion, HDFEOSS5 defines a concept called a dimension map. When dimension maps are
used, the geolocation fields do not necessarily have the same extent as the physical déta fields.
dimension map provides sufficient information to allow the geolocati@ndtion at each data
point to be derived from the geolocation fields by interpolation.

HDF-EOS5swath examples are illustrated in the graphical portions of Figuaies 8.

Figure 7 shows an HDFEOS swath without a dimension map. Both physical data and
geolocation data values are provided at data points represented by red dots. The geolocation
fields are latitude and longitude. The latitude and longitude are 1defly-3 two-dimensional

arrays; 11by-3 isthe same extent dise physical data fieldCloudCover

In Figure 8, the latitude and longitude are-b$-2 arrays shown by red dotk this swath
example the physical data field;loudCover is an 11by-3 array shwn by both red and white
dots. Latitude and longitudéor the points inthe midcolumnof the data files are not provided
directly, and must bimterpolated based on information provided by the dimension map.
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HDF EOS5 INFORMATION
StructMetadata.O =

i é OBJECT=Di mRinmemsii dnName=0al ongo ¢
OBJECT=Di mension_2 Dimensi onName=20

HDF EOS5 Swath :
Data fields:
Float 32 CloudCover(along , Cross)
Geolocation fields:
Float32 lat(along,cross)
Float32 lon(along,cros s)

Figure 7: An HDFEOS5 swath without dimension maps.
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