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“Metadata” provides a description of data.
Preciseandadequatemetadatais enormouslyim-
portantin any projectwherelarge quantitiesof
datahave to behandled.If thedatacomesfrom
a varietyof sources,it is essentialto adoptsome
standardfor the metadataso that commonpro-
gramscanbeusedfor analysisandcomparison.
CF is a standardfor “usemetadata”,whoseaim
is to distinguishquantities(physicaldescription,
units,priorprocessing,etc.)andto locatethedata
in space–timeand as a function of other inde-
pendentvariables(coordinates).This is thekind
of metadatathat is usedat the time the datais
processedanddisplayed;it canbedistinguished
from “discoverymetadata”,which is usedin cat-
aloguesfor identifying datasets. CF provides
only rather basic discovery metadata,such as
waysto recordwhereandhow the file waspro-
duced.

CF [1] hasbeendevelopedover the last few
yearsas a communityproject mainly by Brian
Eaton,JonathanGregory, Bob Drach,Karl Tay-
lor andSteveHankin,with suggestionsandcom-
ments from many others. After two yearsof
discussionand improvementon the WWW, it
hasreachedthe stageof its first maturerelease
(CF-1.0). Meanwhileit hasbeenadoptedasthe
standardfor several internationalprojectssuch
as AMIP, CMIP, ESMF and PRISM [2-5], and
by variousclimatecentres,includingtheHadley
Centre(Met Office, Exeter, UK), the National
Centerfor AtmosphericResearch(NCAR, Boul-
der, USA) and the Programfor Climate Model
DiagnosisandIntercomparison(PCMDI, Liver-

more, USA). The purposeof this article is to
commendit for considerationby otherprojects.

CF is framed as a standardfor data written
in netCDF [6], but most of its ideasrelate to
metadatadesign in general,not specifically to
netCDF. CFmetadatacouldbecontainedin other
formats,suchasXML. The adoptionof a com-
mon metadatastandardmakes conversion be-
tweendifferentfile formatsastraightforwardtask
of mappingand translatingcorrespondingcon-
cepts.

As a file format for data exchange,netCDF
hasplenty to recommendit: it is portable,bi-
nary, easilytranslatableto andfromanequivalent
ASCII format, andsupportedby a lot of freely
available software for processingand graphics,
including the netCDFlibrary itself, CDAT, Fer-
ret and NCO [7-9]. A utility to checkconfor-
manceof a netCDFfile to the CF standardhas
beenmadeavailableby the Hadley Centrewith
PRISM support. At PCMDI somef90 subrou-
tinesarebeingdevelopedto facilitatethewriting
of CF-conformingnetCDFdata,with theaim of
makingit easierfor thosecreatingsimulatedand
observationaldatasetsto adopttheformat.

CF is intendedfor usewith climateandfore-
cast(hence“CF”) data,for atmosphere,surface
andocean.It wasdesignedwith model-generated
dataparticularly in mind, but shouldbe equally
applicableto observational datasets.Indeed,if
observedandsimulateddataareto becompared,
it will behelpful if theirmetadatadescribesthem
in the sameway. The COARDS [10] netCDF
standardhas a similar purposeand is widely
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used. It hasconventionsfor identifying coordi-
nateaxes(longitude,latitude,verticalandtime),
and for specifying units and missing data val-
ues.CF is backward-compatiblewith COARDS:
applicationswhich understandCF canalsopro-
cessCOARDSdatasets,andCF datasetswill not
break applicationsbasedon COARDS. To en-
able this, CF is a supersetof COARDS: where
COARDS is adequate,CF doesnot provide an
alternative, while extensionsto COARDS are
all optionalandprovide new functionality. The
motivation for developingCF was the needfor
theseextra features,which include conventions
for grid-cell boundaries,horizontal grids other
than latitude–longitude,recordingcommonsta-
tistical operations,standardisedidentificationof
physicalquantities,non-spatiotemporalaxes,cli-
matologicalstatisticsanddatacompression.

Thegeneralprinciplesin thedesignof CF are
as follows. (1) Data shouldbe self-describing.
No externaltablesareneededto interpretthefile.
For instance,CF doesn’t usenumericcodes,like
GRIB [11] does.(2) Conventionshave beende-
velopedonly for thingswe know we need. In-
steadof trying to foreseethe future, we have
addedfeaturesas requiredandwill continueto
do this. (3) We wish to avoid being too oner-
ousfor data-writersandusersof data,asthiswill
make the standardunattractive. (4) The meta-
data shouldbe readableby humansas well as
easily parsedby programs. (5) Redundancy is
minimised—agoodgeneralprinciple becauseit
reducesthechanceof inconsistency—andwetry
also to limit possibilities for making mistakes
whenwriting data!

AlthoughCF-1.0hasbeenfrozen,severalad-
ditionshavealreadybeenworkedoutandwill be
includedsoon,in thenext release.We hopethat
moresoftwareable to make useof CF features
will becomeavailable;CDAT, for example,aims
to supportCFfully. CFsofarhasbeendeveloped
by a rathersmall group. If it is successfuland
becomeswidely usedin thecommunity, new ar-
rangementsmaybeneededfor makingdecisions
andimplementingdevelopmentsin thestandard.
If CF doesnot seemadequatefor your needs,
pleasedescribethemto us! Feedbackis welcome
on all aspectsof CFvia theCFemail list.

Some features of CF

In the sectionsbelow we briefly describesome
of themostimportantconventionsintroducedby
CF. The comprehensive definition of CF canbe
found on the CF homepage[1]. NetCDF files
containthe datain variables,which canbe sin-
gle numbers,vectors, or multidimensionalar-
rays.Variablescanbeof any datatype,including
characterstrings.Coordinatesarealsocontained
in variables.Both dataandcoordinateshave “at-
tributes”attached,of any datatype.Weusethese
conceptsin thefollowing discussionwithout fur-
therreferenceto netCDF.

Description of the data

CFrequiresall variablesto haveunitsunlessthey
containdimensionlessnumbers.Unitsarestrings
formattedaccordingto the Unidataudunits[12]
conventions,which supportmany possibleunits
andvarietiesof syntaxe.g.percent,metre,meter,
meters,m,km,second,s,day, degC,K, Pa,mbar,
W m-2, kg/m2/s,mm day-1,1 (or any number).
Somenon-SIunits, however, are not supported
e.g.ppm(1e-6canbeused).If theselimitations
proveaseriousproblem,they will beaddressed.

Thephysicalquantitycontainedin adatavari-
able can be describedby the long namestring
attribute, as in COARDS. However, this could
be anything, so to provide a systematicidentifi-
cationCF introducesa standardnamestring at-
tribute whosevalue is one from the CF “stan-
dard name table”. Standardnames are in-
tendedto be self-explanatory. As CF is appli-
cable to many areasof geoscience,the names
have to be more informative than would suf-
fice for any one area. For instance,there is
no namefor plain “potential temperature”,since
we have to distinguishair potentialtemperature
andseawaterpotentialtemperature.Thenames
are preciseenough to imply particular physi-
cal dimensions(mass–length–time,expressedas
a “canonical unit”); for example large scale-
rainfall amount(canonicalunit kg m-2), large -
scalerainfall flux (kg m-2 s-1)andlarge scale-
rainfall rate (m s-1) are all different, although
they might all be vaguelyreferredto as “large-
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scalerain”.
The standardnametable currently hasa few

hundredentriesandwe expect it to grow in re-
sponseto proposals,which are often madeand
are welcomed. The main effort in doing this
is thethinking requiredaboutwhetherquantities
arereally thesameandhow they shouldbestbe
described.In this tasktheexpertiseof specialists
in therelevantareasis really vital.

Dimensions and coordinates

Dimensionsestablishthe index spaceof data
variablese.g.temperature(lat,lon)couldhave di-
mensionslat=73 and lon=96. Coordinatesare
the independentvariableson which the datade-
pende.g.temperaturecouldbea functionof lat-
itude and longitude,being 252.2K at 0

�
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S. Dimensionsandcoordinatesareclosely
associated,but aren’t identical. You canhave a
dimensionwithout coordinates,suchasthatdis-
tinguishingthe variouspointsor stationswhose
timeseriesshareatimeaxis;suchanaxisjusthas
arbitraryindicesratherthanacontinuouscoordi-
natevariable(the“point” dimensionof Figure2).
Conversely, you canhave a coordinatewithout a
dimension(or adimensionof sizeunity), suchas
theheightin this case:

Figure 1
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In COARDS thereis a singlemonotoniccoor-
dinatevariablefor eachdimension.This is suf-
ficient for a basicdescriptionfor a variablewith
dimensionssuchas(time,sigma,lat,lon).For di-
mensionlessvertical coordinateslike sigma(the
fraction of the surfacepressure),CF providesa
way to recordhow dimensionalcoordinates(of
pressurein this case)canbecomputedfrom the
dimensionlessvalues.

CFalsointroducesotherkindsof variablecon-
taining coordinateinformation: (1) Scalarco-
ordinatevariablesfor single-valuedcoordinates,
like the1.5 m heightin Figure1. This is simply
for convenience—itrequireslessmachinerythan
a dimensionof sizeunity. Single-valuedcoordi-
natesareoften omittedfrom metadata,but they
arevery useful—forexample,the time informa-
tion for a field applying to a single time (like
12:15 on 6th November2003) can be recorded
asa scalarcoordinatevariable.(2) Auxiliary co-
ordinatevariables,which canhave any subsetof
the dimensionsof the datavariable,andarenot
necessarilymonotonic. Theseprovide “alterna-
tive” setsof coordinatesfor dimensions.For in-
stance,we might like to label the vertical axis
with model level numberas well as sigmaco-
ordinate,or to provide locationinformationand
stationnamesfor thepointsin a timeseries:

Figure 2
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A very importantuseof auxiliary coordinates
is to supply latitudeand longitudefor each2D
point in the situation where the x- and y-axes
of the grid arenot latitudeand longitudee.g. if
they refer to a rotatednorth pole, or are based
on a mapprojectionasin Figure3 (lat-lon lines
dashed,grid-linessolid). Thelatitudeandlongi-
tudevariablesin this casehavedimensions(y,x).
CF also provides a meansto describehow the
grid was constructed(on a polar stereographic
projection, in this case). If it can use this in-
formation,anapplicationcanwork out thegrid-
pointsin latitudeandlongitude,andotherinfor-
mationaboutthecells.However, CFrequiresthe
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latitudeandlongitudeof thepointsto berecorded
explicitly so that the datacanbe interpretedby
genericapplicationsthatdon’t know how thepro-
jectionworks.

Figure 3
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Following udunits and COARDS, time in
CF (year, month, day, hour, minute, second)
is encodedwith units “ time unit since refer-
ence time”. Theencodingdependson thecalen-
dar, which definesthepermittedvaluesof (year,
month,day). For instance,31stAugust2003is
notavalid datein the“360-day”calendar, which
has twelve 30-day months,althoughof course
it is valid in the real-world “standard”calendar.
In thestandardcalendar, 15:00on 29thFebruary
2000is 36583.625dayssince0:00on1stJanuary
1900,but it is 36058.625daysin the360-daycal-
endar.

COARDS allows only the standardcalendar,
but many modelsuseothers. CF recognisesa
wideselection,includingcalendarsfor palaeocli-
matesimulationsandperpetualseasons.Unfor-
tunatelyudunitssupportsonly the standardcal-
endar. Thereare conversionroutinesfor other
calendarsin CDAT. We hopeto make appropri-
atesoftwaremorereadilyavailable.

Bounds and cells

It is oftennecessaryto know theextentof a cell
aswell asthegrid-pointlocation,e.g.to calculate
theareaof a longitude–latitudebox or thethick-
nessof a vertical layer. If grid-pointsare reg-
ularly spaced,their boundariescan be deduced
assumingeachpoint is in the middle of its cell.

For irregularlyspacedgrid-points,andfor single-
valuedcoordinatevariables,this can’t be done.
CF providesa way to attachboundaryvariables
to any variable containingcoordinatedata. A
boundaryvariablehasanextratrailingdimension
to index theverticesof thecells.

Thesimplestcaseis for a 1D coordinatevari-
able(Figure4):

Figure 4
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Thesemightbesuccessive time-intervals,for ex-
ample,with grid-pointsp of noonon 6th and7th
of November, andboundsb at midnight on 6th,
7thand8th. Theboundsfor a1D coordinatevari-
able of dimensionn could usually be storedin
a vectorof dimension(n+1). CF uses(n,2) in-
steadasshown for technicalreasons(it is con-
venient for use with the netCDF unlimited di-
mension)andbecauseit allows thepossibilityof
non-contiguousandoverlappingcells. In factthe
boundscan be usedto test contiguousness.In
the figure, cell i and cell i+1 are contiguousif
b(i+1,0)=b(i,1). For multidimensionalauxiliary
coordinatevariables,suchasthe2D latitudeand
longitudevariablesillustratedabove, we have to
supplythecoordinatesof eachvertex of thepoly-
gon and contiguousnesscan similarly be tested
by coincidenceof vertices.

CF definesa cell methodsattribute,which in-
dicateshow variation within the cells is repre-
sented. By default, it is assumedthat intensive
quantitiesapply at grid-pointse.g. temperature
valuesapply at the spatial points and instants
of time specifiedby their coordinates,while ex-
tensive quantitiesare a sum over the grid-cell
e.g.a precipitationamountis anaccumulationin
time. Themethodmaybedifferentfor eachaxis
e.g.precipitationamount(kg m-2) is intensivein
space. The non-default methodsare operations
suchasmean,maximum,minimumandstandard
deviation. A zonal-meanvariable,for instance,
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hasa cell methodsattribute that specifiesit is a
meanover longitude.A timeseriesof daily max-
imum valueshasa cell methodsindicating that
thevaluesaremaximawithin their cells in time.
The operationsrecordedby cell methodsmight
affect more than one axis at once,for example
themaximumof theoceanmeridionaloverturn-
ing streamfunctionwithin a depth–latitudecell.

A further use of cell methodsis to charac-
teriseclimatologicalstatistics.An interval of cli-
matologicaltime representsa setof subintervals
which arenot contiguous.Therearethreekinds:
(1) Correspondingportionsof theannualcyclein
a setof yearse.g.averageJanuarytemperatures
in the climatology of 1961–1991. (2) Corre-
spondingportionsof a rangeof dayse.g.theav-
eragediurnalcycle in April 1997. (3) Both con-
ceptsat once. CF usesthecell methodsto indi-
catetheinterpretationof thetimebounds.Forex-
ample,theaveragewinter-minimumtemperature
for 1961–1991hasboundsof 1stDecember1961
(beginning of the first winter) and 1st March
1991(endof the last), andthe cell methodsin-
dicatesthevaluesareaminimumwith years,and
ameanoveryears.
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NetCDF Climate and Forecast (CF) Metadata Convention

The CF conventions for climate and forecast metadata are designed to promote the processing and sharing of
files created with the netCDF API The conventions define metadata that provide a definitive description of
what the data in each variable represents, and of the spatial and temporal properties of the data. This enables
users of data from different sources to decide which quantities are comparable, and facilitates building
applications with powerful extraction, regridding, and display capabilities.

The CF conventions generalize and extend the COARDS conventions.

Here are the slides for a talk that provides an overview of CF. An expository version of this talk is in this
article.

News

Search facility for standard names (11 April 2004)

A search facility has been added to the HTML version of the standard name table. You can search the
standard names themselves, or the help text which describes them, or both.

CF compliance checker (6 June 2003, updated 11 April 2004)

A CF compliance checker is available for use. The checker was written at the Hadley Centre and can be
accessed through a web form hosted at the British Atmospheric Data Centre. The form checks that a
netCDF file which you supply complies with the CF comformance requirements and recommendations.

CF-1.0 Released (28 October 2003)

There are only minor differences between 1.0 and the preceding beta5 document. Mainly clarification of
the new scalar coordinate variable feature and the addition of a map projection.

News archive

Documents

CF 1.0  (28 October 2003)
Changes between CF-1.0-beta5 and CF-1.0

A summary of changes between versions 1.0-beta5 and 1.0. Contains links to a document version with
changes highlighted.

CF 1.0-beta5  (13 September 2003)
Changes between CF-1.0-beta4 and CF-1.0-beta5

A summary of changes between versions 1.0-beta4 and 1.0-beta5. Contains links to a document version
with changes highlighted.

CF 1.0-beta4  (18 December 2002)
Changes between CF-1.0-beta3 and CF-1.0-beta4

A summary of changes between versions 1.0-beta3 and 1.0-beta4. Contains links to a document version
with changes highlighted.

CF 1.0-beta3  (8 August 2001)
First public release.

Standard Name Table
HTML version    XML version
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Requests for clarification or for new names should be posted to the cf-metadata mailing list (see below).
Previous Standard Names 

A table of equivalences between the standard names from the CF-1.0-beta3 document and the current
table.

Conformance

CF Conformance Requirements and Recommendations
A list of requirements and recommendations that can be verified by an application that checks files for
CF conformance. Comments on this list are welcome and should be posted to the cf-metadata mailing
list (see below).

CF compliance checker
This utility checks that a netCDF file which you supply complies with the CF comformance
requirements and recommendations.
Look here for a list of checks that still need to be implemented and any other suggestions for
improvements that have been received.

Discussion

cf-metadata
cf-metadata is an unmoderated email list for discussions about interpretation, clarification, and
proposals for changes or extensions to the current conventions. This is also an appropriate place for
requests for new standard names.
List Archive.

Authors
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NetCDF Climate and Forecast (CF) Metadata 
Conventions

Version 1.0, 28 October 2003

Home page:
Contains links to: previous draft and current working draft documents; applications for processing CF
conforming files; email list for discussion about interpretation, clarification, and proposals for changes
or extensions to the current conventions.
http://www.cgd.ucar.edu/cms/eaton/cf-metadata/index.html

Revision history:
This document will updated as required to correct mistakes or add new material required for
completeness or clarity. The final section of the document contains the revision history. Changes in the
document use the following mark-up style: new text, deleted text, and [a comment].

Authors:
Brian Eaton, NCAR 
Jonathan Gregory, Hadley Centre, UK Met Office
Bob Drach, PCMDI, LLNL
Karl Taylor, PCMDI, LLNL
Steve Hankin, PMEL, NOAA

Abstract

This document describes the CF conventions for climate and forecast metadata designed to promote the
processing and sharing of files created with the netCDF Application Programmer Interface [NetCDF]. The
conventions define metadata that provide a definitive description of what the data in each variable represents,
and of the spatial and temporal properties of the data. This enables users of data from different sources to
decide which quantities are comparable, and facilitates building applications with powerful extraction,
regridding, and display capabilities.

The CF conventions generalize and extend the COARDS conventions [COARDS]. The extensions include
metadata that provides a precise definition of each variable via specification of a standard name, describes the
vertical locations corresponding to dimensionless vertical coordinate values, and provides the spatial
coordinates of non-rectilinear gridded data. Since climate and forecast data are often not simply representative
of points in space/time, other extensions provide for the description of coordinate intervals, multidimensional
cells and climatological time coordinates, and indicate how a data value is representative of an interval or cell.
This standard also relaxes the COARDS constraints on dimension order and specifies methods for reducing
the size of datasets.
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1.1  Goals
1.2  Terminology
1.3  Overview
1.4  Relationship to the COARDS conventions

2  NetCDF Files and Components
2.1  Filename
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2.3  Naming conventions
2.4  Dimensions
2.5  Variables

2.5.1  Missing data
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2.6  Attributes
2.6.1  Identification of conventions
2.6.2  Description of file contents

3  Description of the Data
3.1  Units
3.2  Long name
3.3  Standard name
3.4  Ancillary data
3.5  Flags

4  Coordinate Types
4.1  Latitude coordinate
4.2  Longitude coordinate
4.3  Vertical (height or depth) coordinate

4.3.1  Dimensional vertical coordinate
4.3.2  Dimensionless vertical coordinate

4.4  Time coordinate
4.4.1  Calendar

5  Coordinate Systems
5.1  Independent latitude, longitude, vertical, and time axes
5.2  Two-dimensional latitude, longitude coordinate variables
5.3  Reduced horizontal grid
5.4  Timeseries of station data
5.5  Trajectories
5.6  Grid mappings and projections
5.7  Scalar coordinate variables

6  Labels and Alternative Coordinates
6.1  Labels

6.1.1  Geographic regions
6.2  Alternative coordinates

7  Data Representative of Cells
7.1  Cell boundaries
7.2  Cell measures
7.3  Cell methods
7.4  Climatological statistics

8  Reduction of Dataset Size
8.1  Packed data
8.2  Compression by gathering

Appendices

A  Attributes
B  Standard Name Table Format
C  Standard Name Modifiers
D  Vertical Coordinate Definitions
E  Cell Methods
F  Grid Mappings
G  References

1  Introduction

1.1  Goals
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The NetCDF library [NetCDF] is designed to read and write data that has been structured according to
well-defined rules and is easily ported across various computer platforms. The netCDF interface enables but
does not require the creation of self-describing datasets. The purpose of the CF conventions is to require
conforming datasets to contain sufficient metadata that they are self-describing in the sense that each variable
in the file has an associated description of what it represents, including physical units if appropriate, and that
each value can be located in space (relative to earth-based coordinates) and time.

An important benefit of a convention is that it enables software tools to display data and perform operations on
specified subsets of the data with minimal user intervention. It is possible to provide the metadata describing
how a field is located in time and space in many different ways that a human would immediately recognize as
equivalent. The purpose in restricting how the metadata is represented is to make it practical to write software
that allows a machine to parse that metadata and to automatically associate each data value with its location in
time and space. It is equally important that the metadata be easy for human users to write and to understand.

This standard is intended for use with climate and forecast data, for atmosphere, surface and ocean, and was
designed with model-generated data particularly in mind. We recognise that there are limits to what a standard
can practically cover; we restrict ourselves to issues that we believe to be of common and frequent concern in
the design of climate and forecast metadata. Our main purpose therefore, is to propose a clear, adequate and
flexible definition of the metadata needed for climate and forecast data. Although this is specifically a netCDF
standard, we feel that most of the ideas are of wider application. The metadata objects could be contained in
file formats other than netCDF. Conversion of the metadata between files of different formats will be
facilitated if conventions for all formats are based on similar ideas.

This convention is designed to be backward compatible with the COARDS conventions [COARDS], by which 
we mean that a conforming COARDS dataset also conforms to the CF standard. Thus new applications that
implement the CF conventions will be able to process COARDS datasets.

We have also striven to maximize conformance to the COARDS standard, that is, wherever the COARDS
metadata conventions provide an adequate description we require their use. Extensions to COARDS are
implemented in a manner such that the content that doesn’t depend on the extensions is still accessible to
applications that adhere to the COARDS standard.

1.2  Terminology

The terms in this document that refer to components of a netCDF file are defined in the NetCDF User’s Guide
(NUG) [NUG]. Some of those definitions are repeated below for convenience.

auxiliary coordinate variable
Any netCDF variable that contains coordinate data, but is not a coordinate variable (in the sense of that
term defined by the NUG and used by this standard - see below). Unlike coordinate variables, there is
no relationship between the name of an auxiliary coordinate variable and the name(s) of its
dimension(s).

boundary variable
A boundary variable is associated with a variable that contains coordinate data. When a data value
provides information about conditions in a cell occupying a region of space/time or some other
dimension, the boundary variable provides a description of cell extent.

CDL syntax
The ascii format used to describe the contents of a netCDF file is called CDL (network Common Data
form Language). This format represents arrays using the indexing conventions of the C programming
language, i.e., index values start at 0, and in multidimensional arrays, when indexing over the elements
of the array, it is the last declared dimension that is the fastest varying in terms of file storage order. The
netCDF utilities ncdump and ncgen use this format (see chapter 10 of the NUG). All examples in this
document use CDL syntax.

cell
A region in one or more dimensions whose boundary can be described by a set of vertices. The term
interval is sometimes used for one-dimensional cells.

coordinate variable
We use this term precisely as it is defined in section 2.3.1 of the NUG. It is a one-dimensional variable
with the same name as its dimension [e.g., time(time)], and it is defined as a numeric data type with
values that are ordered monotonically. Missing values are not allowed in coordinate variables.

grid mapping variable
A variable used as a container for attributes that define a specific grid mapping. The type of the variable
is arbitrary since it contains no data.
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latitude dimension
A dimension of a netCDF variable that has an associated latitude coordinate variable.

longitude dimension
A dimension of a netCDF variable that has an associated longitude coordinate variable.

multidimensional coordinate variable
An auxiliary coordinate variable that is multidimensional.

recommendation
Recommendations in this convention are meant to provide advice that may be helpful for reducing
common mistakes. In some cases we have recommended rather than required particular attributes in
order to maintain backwards compatibility with COARDS. An application must not depend on a
dataset’s adherence to recommendations.

scalar coordinate variable
A scalar variable that contains coordinate data. Functionally equivalent to either a size one coordinate
variable or a size one auxiliary coordinate variable.

spatiotemporal dimension
A dimension of a netCDF variable that is used to identify a location in time and/or space.

time dimension
A dimension of a netCDF variable that has an associated time coordinate variable.

vertical dimension
A dimension of a netCDF variable that has an associated vertical coordinate variable.

1.3  Overview

No variable or dimension names are standardized by this convention. Instead we follow the lead of the NUG
[NUG] and standardize only the names of attributes and some of the values taken by those attributes. The
overview provided in this section will be followed with more complete descriptions in following sections.
Appendix A contains a summary of all the attributes used in this convention.

We recommend that the NUG defined attribute Conventions be given the string value "CF-1.0" to identify
datasets that conform to these conventions.

The general description of a file’s contents should be contained in the following attributes: title, history, 
institution, source, comment and references (2.6.2). For backwards compatibility with COARDS none of
these attributes is required, but their use is recommended to provide human readable documentation of the file
contents.

Each variable in a netCDF file has an associated description which is provided by the attributes units, 
long_name, and standard_name. The units, and long_name attributes are defined in the NUG and the
standard_name attribute is defined in this document.

The units attribute is required for all variables that represent dimensional quantities (except for boundary
variables defined in section 7.1). The values of the units attributes are character strings that are recognized by
UNIDATA’s Udunits package [UDUNITS] (with exceptions allowed as discussed in section 3.1).

The long_name and standard_name attributes are used to describe the content of each variable. For backwards
compatibility with COARDS neither is required, but use of at least one of them is strongly recommended. The
use of standard names will facilitate the exchange of climate and forecast data by providing unambiguous
identification of variables most commonly analyzed.

Four types of coordinates receive special treatment by these conventions: latitude, longitude, vertical, and
time. Every variable must have associated metadata that allows identification of each such coordinate that is
relevant. Two independent parts of the convention allow this to be done. There are conventions that identify
the variables that contain the coordinate data, and there are conventions that identify the type of coordinate
represented by that data.

There are two methods used to identify variables that contain coordinate data. The first is to use the
NUG-defined "coordinate variables." The use of coordinate variables is required for all dimensions that
correspond to one dimensional space or time coordinates. In cases where coordinate variables are not
applicable, the variables containing coordinate data are identified by the coordinates attribute.

Once the variables containing coordinate data are identified, further conventions are required to determine the
type of coordinate represented by each of these variables. Latitude, longitude, and time coordinates are
identified solely by the value of their units attribute. Vertical coordinates with units of pressure may also be
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identified by the units attribute. Other vertical coordinates must use the attribute positive which determines
whether the direction of increasing coordinate value is up or down. Because identification of a coordinate type
by its units involves the use of an external software package [UDUNITS], we provide the optional attribute
axis for a direct identification of coordinates that correspond to latitude, longitude, vertical, or time axes.

Latitude, longitude, and time are defined by internationally recognized standards, and hence, identifying the
coordinates of these types is sufficient to locate data values uniquely with respect to time and a point on the
earth’s surface. On the other hand identifying the vertical coordinate is not necessarily sufficient to locate a
data value vertically with respect to the earth’s surface. In particular a model may output data on the
dimensionless vertical coordinate used in its mathematical formulation. To achieve the goal of being able to
spatially locate all data values, this convention includes the definitions of common dimensionless vertical
coordinates in Appendix D. These definitions provide a mapping between the dimensionless coordinate values
and dimensional values that can be uniquely located with respect to a point on the earth’s surface. The
definitions are associated with a coordinate variable via the standard_name and formula_terms attributes. For
backwards compatibility with COARDS use of these attributes is not required, but is strongly recommended.

It is often the case that data values are not representative of single points in time and/or space, but rather of
intervals or multidimensional cells. This convention defines a bounds attribute to specify the extent of intervals
or cells. When data that is representative of cells can be described by simple statistical methods, those methods
can be indicated using the cell_methods attribute. An important application of this attribute is to describe
climatological and diurnal statistics.

Methods for reducing the total volume of data include both packing and compression. Packing reduces the
data volume by reducing the precision of the stored numbers. It is implemented using the attributes add_offset
and scale_factor which are defined in the NUG. Compression on the other hand loses no precision, but
reduces the volume by not storing missing data. The attribute compress is defined for this purpose.

1.4  Relationship to the COARDS conventions

These conventions generalize and extend the COARDS conventions [COARDS]. A major design goal has
been to maintain backward compatibility with COARDS. Hence applications written to process datasets that
conform to these conventions will also be able to process COARDS conforming datasets. We have also striven
to maximize conformance to the COARDS standard so that datasets that only require the metadata that was
available under COARDS will still be able to be processed by COARDS conforming applications. But
because of the extensions that provide new metadata content, and the relaxation of some COARDS
requirements, datasets that conform to these conventions will not necessarily be recognized by applications
that adhere to the COARDS conventions. The features of these conventions that allow writing netCDF files
that are not COARDS conforming are summarized below.

COARDS standardizes the description of grids composed of independent latitude, longitude, vertical, and time
axes. In addition to standardizing the metadata required to identify each of these axis types COARDS restricts
the axis (equivalently dimension) ordering to be longitude, latitude, vertical, and time (with longitude being
the most rapidly varying dimension). Because of I/O performance considerations it may not be possible for
models to output their data in conformance with the COARDS requirement. The CF convention places no
rigid restrictions on the order of dimensions, however we encourage data producers to make the extra effort to
stay within the COARDS standard order. The use of non-COARDS axis ordering will render files inaccessible
to some applications and limit interoperability. Often a buffering operation can be used to miminize
performance penalties when axis ordering in model code does not match the axis ordering of a COARDS file.

COARDS addresses the issue of identifying dimensionless vertical coordinates, but does not provide any
mechanism for mapping the dimensionless values to dimensional ones that can be located with respect to the
earth’s surface. For backwards compatibility we continue to allow (but do not require) the units attribute of 
dimensionless vertical coordinates to take the values "level", "layer", or "sigma_level." But we recommend
that the standard_name and formula_terms attributes be used to identify the appropriate definition of the
dimensionless vertical coordinate (see section 4.3.2).

The CF conventions define attributes which enable the description of data properties that are outside the scope
of the COARDS conventions. These new attributes do not violate the COARDS conventions, but applications
that only recognize COARDS conforming datasets will not have the capabilities that the new attributes are
meant to enable. Briefly the new attributes allow:

Identification of quantities using standard names.
Description of dimensionless vertical coordinates.
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Associating dimensions with auxiliary coordinate variables.
Linking data variables to scalar coordinate variables.
Associating dimensions with labels.
Description of intervals and cells.
Description of properties of data defined on intervals and cells.
Description of climatological statistics.
Data compression for variables with missing values.

2  NetCDF Files and Components

The components of a netCDF file are described in section 2 of the NUG [NUG]. In this section we describe
conventions associated with filenames and the basic components of a netCDF file. We also introduce new
attributes for describing the contents of a file.

2.1  Filename

NetCDF files should have the file name extension ".nc".

2.2  Data types

The netCDF data types char, byte, short, int, float or real, and double are all acceptable. The char type is not
intended for numeric data. One byte numeric data should be stored using the byte data type. All integer types
are treated by the netCDF interface as signed. It is possible to treat the byte type as unsigned by using the
NUG convention of indicating the unsigned range using the valid_min, valid_max, or valid_range attributes.

NetCDF does not support a character string type, so these must be represented as character arrays. In this
document, a one dimensional array of character data is simply referred to as a "string". An n-dimensional array
of strings must be implemented as a character array of dimension (n,max_string_length), with the last (most
rapidly varying) dimension declared large enough to contain the longest string in the array. All the strings in a
given array are therefore defined to be equal in length. For example, an array of strings containing the names
of the months would be dimensioned (12,9) in order to accommodate "September", the month with the longest
name.

2.3  Naming conventions

Variable, dimension and attribute names should begin with a letter and be composed of letters, digits, and
underscores. Note that this is in conformance with the COARDS conventions, but is more restrictive than the
netCDF interface which allows use of the hyphen character. The netCDF interface also allows leading
underscores in names, but the NUG states that this is reserved for system use.

Case is significant in netCDF names, but it is recommended that names should not be distinguished purely by
case, i.e., if case is disregarded, no two names should be the same. It is also recommended that names should
be obviously meaningful, if possible, as this renders the file more effectively self-describing.

This convention does not standardize any variable or dimension names. Attribute names and their contents,
where standardized, are given in English in this document and should appear in English in conforming netCDF
files for the sake of portability. Languages other than English are permitted for variables, dimensions, and
non-standardized attributes. The content of some standardized attributes are string values that are not
standardized, and thus are not required to be in English. For example, a description of what a variable
represents may be given in a non-English language using the long_name attribute (see section 3.2) whose 
contents are not standardized, but a description given by the standard_name attribute (see section 3.3) must be 
taken from the standard name table which is in English.

2.4  Dimensions

A variable may have any number of dimensions, including zero, and the dimensions must all have different
names. COARDS strongly recommends limiting the number of dimensions to four, but we wish to allow
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greater flexibility. The dimensions of the variable define the axes of the quantity it contains. Dimensions other
than those of space and time may be included. Several examples can be found in this document. Under certain
circumstances, one may need more than one dimension in a particular quantity. For instance, a variable
containing a two-dimensional probability density function might correlate the temperature at two different
vertical levels, and hence would have temperature on both axes.

If any or all of the dimensions of a variable have the interpretations of ‘‘date or time’’ (T), ‘‘height or depth’’ 
(Z), ‘‘latitude’’ (Y), or ‘‘longitude’’ (X) then we recommend, but do not require (see section 1.4), those
dimensions to appear in the relative order T, then Z, then Y, then X in the CDL definition corresponding to the
file. All other dimensions should, whenever possible, be placed to the left of the spatiotemporal dimensions.

Dimensions may be of any size, including unity. When a single value of some coordinate applies to all the
values in a variable, the recommended means of attaching this information to the variable is by use of a
dimension of size unity with a one-element coordinate variable. It is also acceptable to use a scalar coordinate
variable which eliminates the need for an associated size one dimension in the data variable. The advantage of
using a coordinate variable is that all its attributes can be used to describe the single-valued quantity, including
boundaries. For example, a variable containing data for temperature at 1.5 m above the ground has a
single-valued coordinate supplying a height of 1.5 m, and a time-mean quantity has a single-valued time
coordinate with an associated boundary variable to record the start and end of the averaging period.

2.5  Variables

This convention does not standardize variable names.

NetCDF variables that contain coordinate data are referred to as coordinate variables, auxiliary coordinate 
variables, scalar coordinate variables, or multidimensional coordinate variables.

2.5.1  Missing data

The NUG conventions (NUG section 8.1) provide the _FillValue, valid_min, valid_max, and valid_range
attributes to indicate missing data.

The NUG conventions for missing data changed significantly between version 2.3 and version 2.4. Since
version 2.4 the NUG defines missing data as all values outside of the valid_range, and specifies how the
valid_range should be defined from the _FillValue (which has library specified default values) if it hasn’t
been explicitly specified. If only one missing value is needed for a variable then we strongly recommend that
this value be specified using the _FillValue attribute. Doing this guarantees that the missing value will be
recognized by generic applications that follow either the before or after version 2.4 conventions.

The scalar attribute with the name _FillValue and of the same type as its variable is recognized by the netCDF
library as the value used to pre-fill disk space allocated to the variable. This value is considered to be a special
value that indicates undefined or missing data, and is returned when reading values that were not written. The
_FillValue should be outside the range specified by valid_range (if used) for a variable. The netCDF library
defines a default fill value for each data type (NUG section 7.16).

The missing_value attribute is considered deprecated by the NUG and we do not recommend its use. However
for backwards compatibility with COARDS this standard continues to recognize the use of the missing_value
attribute to indicate undefined or missing data.

The missing values of a variable with scale_factor and/or add_offset attributes (see section 8.1) are 
interpreted relative to the variable’s external values, i.e., the values stored in the netCDF file. Applications that
process variables that have attributes to indicate both a transformation (via a scale and/or offset) and missing
values should first check that a data value is valid, and then apply the transformation. Note that values that are
identified as missing should not be transformed. Since the missing value is outside the valid range it is
possible that applying a transformation to it could result in an invalid operation. For example, the default
_FillValue is very close to the maximum representable value of IEEE single precision floats, and multiplying
it by 100 produces an "Infinity" (using single precision arithmetic).

2.6  Attributes

This standard describes many attributes (some mandatory, others optional), but a file may also contain
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non-standard attributes. Such attributes do not represent a violation of this standard. Application programs
should ignore attributes that they do not recognise or which are irrelevant for their purposes. Conventional
attribute names should be used wherever applicable. Non-standard names should be as meaningful as possible.
Before introducing an attribute, consideration should be given to whether the information would be better
represented as a variable. In general, if a proposed attribute requires ancillary data to describe it, is
multidimensional, requires any of the defined netCDF dimensions to index its values, or requires a significant
amount of storage, a variable should be used instead. When this standard defines string attributes that may take
various prescribed values, the possible values are generally given in lower case. However, applications
programs should not be sensitive to case in these attributes. Several string attributes are defined by this
standard to contain ‘‘blank-separated lists’’. Consecutive words in such a list are separated by one or more
adjacent spaces. The list may begin and end with any number of spaces. See appendix A for a list of attributes
described by this standard.

2.6.1  Identification of conventions

We recommend that netCDF files that follow these conventions indicate this by setting the NUG defined
global attribute Conventions to the string value "CF-1.0". The string is interpreted as a directory name relative
to a directory that is a repository of documents describing sets of discipline-specific conventions. The
conventions directory name is currently interpreted relative to the directory pub/netcdf/Conventions/ on the 
host machine ftp.unidata.ucar.edu. The web based versions of this document are linked from:
http://www.unidata.ucar.edu/packages/netcdf/conventions.html

2.6.2  Description of file contents

The following attributes are intended to provide information about where the data came from and what has
been done to it. This information is mainly for the benefit of human readers. The attribute values are all
character strings. For readability in ncdump outputs it is recommended to embed newline characters into long
strings to break them into lines. For backwards compatibility with COARDS none of these global attributes is
required.

The NUG defines title and history to be global attributes. We wish to allow the newly defined attributes, i.e.,
institution, source, references, and comment, to be either global or assigned to individual variables. When an
attribute appears both globally and as a variable attribute, the variable’s version has precedence.

title

A succinct description of what is in the dataset.
institution

Specifies where the original data was produced.
source

The method of production of the original data. If it was model-generated, source should name the model 
and its version, as specifically as could be useful. If it is observational, source should characterize it 
(e.g., "surface observation" or "radiosonde").

history

Provides an audit trail for modifications to the original data. Well-behaved generic netCDF filters will
automatically append their name and the parameters with which they were invoked to the global history
attribute of an input netCDF file. We recommend that each line begin with a timestamp indicating the
date and time of day that the program was executed.

references

Published or web-based references that describe the data or methods used to produce it.
comment

Miscellaneous information about the data or methods used to produce it.

3  Description of the Data

The attributes described in this section are used to provide a description of the content and the units of
measurement for each variable. We continue to support the use of the units and long_name attributes as defined 
in COARDS. We extend COARDS by adding the optional standard_name attribute which is used to provide
unique identifiers for variables. This is important for data exchange since one cannot necessarily identify a
particular variable based on the name assigned to it by the institution that provided the data.

The standard_name attribute can be used to identify variables that contain coordinate data. But since it is an
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optional attribute, applications that implement these standards must continue to be able to identify coordinate
types based on the COARDS conventions.

3.1  Units

The units attribute is required for all variables that represent dimensional quantities (except for boundary
variables defined in section 7.1 and climatology variables defined in section 7.4). The value of the units
attribute is a string that can be recognized by UNIDATA’s Udunits package [UDUNITS], with a few
exceptions that are given below. The Udunits package includes a file udunits.dat, which lists its supported 
unit names. Note that case is significant in the units strings.

The COARDS convention prohibits the unit degrees altogether, but this unit is not forbidden by the CF
convention because it may in fact be appropriate for a variable containing, say, solar zenith angle. The unit
degrees is also allowed on coordinate variables such as the latitude and longitude coordinates of a transformed
grid. In this case the coordinate values are not true latitudes and longitudes which must always be identified
using the more specific forms of degrees as described in sections 4.1 and 4.2.

Units are not required for dimensionless quantities. A variable with no units attribute is assumed to be
dimensionless. However, a units attribute specifying a dimensionless unit may optionally be included. The
Udunits package defines a few dimensionless units, such as percent, but is lacking commonly used units such
as ppm (parts per million). This convention does not support the addition of new dimensionless units that are
not udunits compatible. The conforming unit for quantities that represent fractions, or parts of a whole, is "1".
The conforming unit for parts per million is "1e-6". Descriptive information about dimensionless quantities,
such as sea-ice concentration, cloud fraction, probability, etc., should be given in the long_name or 
standard_name attributes (see below) rather than the units.

The units level, layer, and sigma_level are allowed for dimensionless vertical coordinates to maintain
backwards compatibility with COARDS. These units are not compatible with Udunits and are deprecated by
this standard because conventions for more precisely identifying dimensionless vertical coordinates are
introduced (see section 4.3.2).

The Udunits syntax that allows scale factors and offsets to be applied to a unit is not supported by this
standard. The application of any scale factors or offsets to data should be indicated by the scale_factor and 
add_offset attributes. Use of these attributes is discussed in detail in the section on data packing which is their 
most important application.

Udunits recognizes the following prefixes and their abbreviations.

Factor Prefix Abbreviation  Factor Prefix Abbreviation
1e1 deca, deka da  1e-1 deci d

1e2 hecto h  1e-2 centi c
1e3 kilo k  1e-3 milli m
1e6 mega M  1e-6 micro u

1e9 giga G  1e-9 nano n
1e12 tera T  1e-12 pico p

1e15 peta P  1e-15 femto f
1e18 exa E  1e-18 atto a
1e21 zetta Z  1e-21 zepto z

1e24 yotta Y  1e-24 yocto y

3.2  Long name

The long_name attribute is defined by the NUG to contain a long descriptive name which may, for example, be
used for labeling plots. For backwards compatibility with COARDS this attribute is optional. But it is highly
recommended that either this or the standard_name attribute defined in the next section be provided to make the
file self-describing. If a variable has no long_name attribute then an application may use, as a default, the
standard_name if it exists, or the variable name itself.
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3.3  Standard name

A fundamental requirement for exchange of scientific data is the ability to describe precisely the physical
quantities being represented. To some extent this is the role of the long_name attribute as defined in the NUG.
However, usage of long_name is completely ad-hoc. For some applications it would be desirable to have a more
definitive description of the quantity, which would allow users of data from different sources to determine
whether quantities were in fact comparable. For this reason an optional mechanism for uniquely associating
each variable with a standard name is provided.

A standard name is associated with a variable via the attribute standard_name which takes a string value 
comprised of a standard name optionally followed by one or more blanks and a standard name modifier (a
string value from appendix C).

The set of permissible standard names is contained in the standard name table. The table entry for each
standard name contains the following:

standard name
The name used to identify the physical quantity. A standard name contains no whitespace and is case
sensitive.

canonical units
Representative units of the physical quantity. Unless it is dimensionless, a variable with a standard_name
attribute must have units which are physically equivalent (not necessarily identical) to the canonical
units, possibly modified by an operation specified by either the standard name modifier (see below and
Appendix C) or by the cell_methods attribute (see section 7.3 and Appendix E).

description
The description is meant to clarify the qualifiers of the fundamental quantities such as which surface a
quantity is defined on or what the flux sign conventions are. We don’t attempt to provide precise
definitions of fundumental physical quantities (e.g., temperature) which may be found in the literature.

When appropriate, the table entry also contains the corresponding GRIB parameter code(s) (from ECMWF
and NCEP) and AMIP identifiers.

The standard name table is located at http://www.cgd.ucar.edu/cms/eaton/cf-metadata/standard_name.xml,
written in compliance with the XML format, as described in Appendix B. Knowledge of the XML format is
only necessary for application writers who plan to directly access the table. A formatted text version of the
table is provided at http://www.cgd.ucar.edu/cms/eaton/cf-metadata/standard_name.html, and this table may
be consulted in order to find the standard name that should be assigned to a variable.

Standard names by themselves are not always sufficient to describe a quantity. For example, a variable may
contain data to which spatial or temporal operations have been applied. Or the data may represent an
uncertainty in the measurement of a quantity. These quantity attributes are expressed as modifiers of the
standard name. Modifications due to common statistical operations are expressed via the cell_methods
attribute (see section 7.3 and Appendix E). Other types of quantity modifiers are expressed using the optional
modifier part of the standard_name attribute. The permissible values of these modifiers are given in Appendix
C.

Use of standard_name:  

float psl(lat,lon) ;
  psl:long_name = "mean sea level pressure" ;
  psl:units = "hPa" ;
  psl:standard_name = "air_pressure_at_sea_level" ;

The description in the standard name table entry for air_pressure_at_sea_level clarifies that
"sea level" refers to the mean sea level, which is close to the geoid in sea areas.

Here are lists of equivalences between the CF standard names and the standard names from the ECMWF 
GRIB tables, the NCEP GRIB tables, and the PCMDI tables.

3.4  Ancillary data

When one data variable provides metadata about the individual values of another data variable it may be
desirable to express this association by providing a link between the variables. For example, instrument data
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may have associated measures of uncertainty. The attribute ancillary_variables is used to express these types 
of relationships. It is a string attribute whose value is a blank separated list of variable names. The nature of
the relationship between variables associated via ancillary_variables must be determined by other attributes.
The variables listed by the ancillary_variables attribute will often have the standard name of the variable
which points to them including a modifier (Appendix C) to indicate the relationship.

Instrument data:  

  float q(time) ;
    q:standard_name = "specific_humidity" ;
    q:units = "g/g" ;
    q:ancillary_variables = "q_error_limit q_detection_limit" ;
  float q_error_limit(time)
    q_error_limit:standard_name = "specific_humidity standard_error" ;
    q_error_limit:units = "g/g" ;
  float q_detection_limit(time)
    q_detection_limit:standard_name = "specific_humidity detection_minimum" ;
    q_detection_limit:units = "g/g" ;

3.5  Flags

The attributes flag_values and flag_meanings are intended to make variables that contain flag values self
describing. The flag_values attribute is the same type as the variable to which it is attached, and contains a list
of the possible flag values. The flag_meanings attribute is a string whose value is a blank separated list of
descriptive words or phrases, one for each flag value. If multi-word phrases are used to describe the flag
values, then the words within a phrase should be connected with underscores.

A flag variable:  

  byte current_speed_qc(time, depth, lat, lon) ;
    current_speed_qc:long_name = "Current Speed Quality" ;
    current_speed_qc:_FillValue = -128b ;
    current_speed_qc:valid_range = -127b, 127b ;
    current_speed_qc:flag_values = 0b, 1b, 2b ;
    current_speed_qc:flag_meanings = "quality_good sensor_nonfunctional outside_valid_range" ;

4  Coordinate Types

Four types of coordinates receive special treatment by these conventions: latitude, longitude, vertical, and
time. We continue to support the special role that the units and positive attributes play in the COARDS
convention to identify coordinate type. We extend COARDS by providing explicit definitions of
dimensionless vertical coordinates. The definitions are associated with a coordinate variable via the
standard_name and formula_terms attributes. For backwards compatibility with COARDS use of these
attributes is not required, but is strongly recommended.

Because identification of a coordinate type by its units is complicated by requiring the use of an external
software package [UDUNITS], we provide two optional methods that yield a direct identification. The
attribute axis may be attached to a coordinate variable and given one of the values X, Y, Z or T which stand 
for a longitude, latitude, vertical, or time axis respectively. Alternatively the standard_name attribute may be 
used for direct identification. But note that these optional attributes are in addition to the required COARDS
metadata.

Coordinate types other than latitude, longitude, vertical, and time are allowed. To identify generic spatial
coordinates we recommend that the axis attribute be attached to these coordinates and given one of the values
X, Y or Z. We attach no specific meaning to the axis values in this case, but note that they may provide a
useful hint to an application that plots spatially oriented data. We strongly recommend that coordinate
variables be used for all coordinate types whenever they are applicable.

The methods of identifying coordinate types described in this section apply both to coordinate variables and to
auxiliary coordinate variables named by the coordinates attribute (see section 5).

4.1  Latitude coordinate

Variables representing latitude must always explicitly include the units attribute; there is no default value. The
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units attribute will be a string formatted as per the udunits.dat file. The recommended unit of latitude is
degrees_north. Also acceptable are degree_north, degree_N, degrees_N, degreeN, and degreesN.

Latitude axis:  

float lat(lat) ;
  lat:long_name = "latitude" ;
  lat:units = "degrees_north" ;
  lat:standard_name = "latitude" ;

Application writers should note that the Udunits package does not recognize the directionality implied by the
"north" part of the unit specification. It only recognizes its size, i.e., 1 degree is defined to be pi/180 radians.
Hence, determination that a coordinate is a latitude type should be done via a string match between the given
unit and one of the acceptable forms of degrees_north.

Optionally, the latitude type may be indicated additionally by providing the standard_name attribute with the 
value latitude, and/or the axis attribute with the value Y.

Coordinates of latitude with respect to a rotated pole should be given units of degrees, not degrees_north or 
equivalents, because applications which use the units to identify axes would have no means of distinguishing
such an axis from real latitude, and might draw incorrect coastlines, for instance. It would also not generally
be appropriate to attach an axis attribute to a rotated-latitude coordinate variable. Such a variable can be
identified by a standard_name of grid_latitude.

4.2  Longitude coordinate

Variables representing longitude must always explicitly include the units attribute; there is no default value.
The units attribute will be a string formatted as per the udunits.dat file. The recommended unit of longitude
is degrees_east. Also acceptable are degree_east, degree_E, degrees_E, degreeE, and degreesE.

Longitude axis:  

float lon(lon) ;
  lon:long_name = "longitude" ;
  lon:units = "degrees_east" ;
  lon:standard_name = "longitude" ;

Application writers should note that the Udunits package has limited recognition of the directionality implied
by the "east" part of the unit specification. It defines degrees_east to be pi/180 radians, and hence equivalent
to degrees_north. We recommend the determination that a coordinate is a longitude type should be done via a
string match between the given unit and one of the acceptable forms of degrees_east.

Optionally, the longitude type may be indicated additionally by providing the standard_name attribute with the 
value longitude, and/or the axis attribute with the value X.

Coordinates of longitude with respect to a rotated pole should be given units of degrees, not degrees_east or 
equivalents, because applications which use the units to identify axes would have no means of distinguishing
such an axis from real longitude, and might draw incorrect coastlines, for instance. It would also not generally
be appropriate to attach an axis attribute to a rotated-longitude coordinate variable. Such a variable can be
identified by a standard_name of grid_longitude.

4.3  Vertical (height or depth) coordinate

Variables representing dimensional height or depth axes must always explicitly include the units attribute; 
there is no default value.

The direction of positive (i.e., the direction in which the coordinate values are increasing), whether up or
down, cannot in all cases be inferred from the units. The direction of positive is useful for applications
displaying the data. For this reason the attribute positive as defined in the COARDS standard is required if the
vertical axis units are not a valid unit of pressure (a determination which can be made using the udunits
routine, utScan) -- otherwise its inclusion is optional. The positive attribute may have the value up or down
(case insensitive). This attribute may be applied to either coordinate variables or auxillary coordinate variables
that contain vertical coordinate data.
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For example, if an oceanographic netCDF file encodes the depth of the surface as 0 and the depth of 1000
meters as 1000 then the axis would use attributes as follows:

axis_name:units = "meters" ; 
axis_name:positive = "down" ; 

If, on the other hand, the depth of 1000 meters were represented as -1000 then the value of the positive
attribute would have been up. If the units attribute value is a valid pressure unit the default value of the
positive attribute is down.

A vertical coordinate will be identifiable by:

units of pressure; or
the presence of the positive attribute with a value of "up" or "down" (case insensitive).

Optionally, the vertical type may be indicated additionally by providing the standard_name attribute with an 
appropriate value, and/or the axis attribute with the value Z.

4.3.1  Dimensional vertical coordinate

The units attribute for dimensional coordinates will be a string formatted as per the udunits.dat file. The
acceptable units for vertical (depth or height) coordinate variables are:

units of pressure as listed in the file udunits.dat. For vertical axes the most commonly used of these
include include bar, millibar, decibar, atmosphere (atm), pascal (Pa), and hPa.
units of length as listed in the file udunits.dat. For vertical axes the most commonly used of these
include meter (metre, m), and kilometer (km).
other units listed in the file udunits.dat that may under certain circumstances reference vertical position
such as units of density or temperature.

Plural forms are also acceptable.

4.3.2  Dimensionless vertical coordinates

The units attribute is not required for dimensionless coordinates. For backwards compatibility with COARDS
we continue to allow the units attribute to take one of the values: level, layer, or sigma_level. These values
are not recognized by the Udunits package, and are considered a deprecated feature in the CF standard.

For dimensionless vertical coordinates we extend the COARDS standard by making use of the standard_name
attribute to associate a coordinate with its definition from appendix D. The definition provides a mapping
between the dimensionless coordinate values and dimensional values that can positively and uniquely indicate
the location of the data. A new attribute, formula_terms, is used to associate terms in the definitions with
variables in a netCDF file. To maintain backwards compatibility with COARDS the use of these attributes is
not required, but is strongly recommended.

Atmosphere sigma coordinate:  

float lev(lev) ;
  lev:long_name = "sigma at layer midpoints" ;
  lev:positive = "down" ;
  lev:standard_name = "atmosphere_sigma_coordinate" ;
  lev:formula_terms = "sigma: lev ps: PS ptop: PTOP" ;

In this example the standard_name value atmosphere_sigma_coordinate identifies the following definition from
appendix C which specifies how to compute pressure at gridpoint (n,k,j,i) where j and i are horizontal
indices, k is a vertical index, and n is a time index:

p(n,k,j,i) = ptop + sigma(k)*(ps(n,j,i)-ptop)

The formula_terms attribute associates the variable lev with the term sigma, the variable PS with the term ps, 
and the variable PTOP with the term ptop. Thus the pressure at gridpoint (n,k,j,i) would be calculated by 

p(n,k,j,i) = PTOP + lev(k)*(PS(n,j,i)-PTOP)
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4.4  Time coordinate

Variables representing time must always explicitly include the units attribute; there is no default value. The
units attribute takes a string value formatted as per the recommendations in the Udunits package [UDUNITS].
The following excerpt from the Udunits documentation explains the time unit encoding by example:

The specification:

    seconds since 1992-10-8 15:15:42.5 -6:00

indicates seconds since October 8th, 1992  at  3  hours,  15
minutes  and  42.5 seconds in the afternoon in the time zone
which is six hours to the west of Coordinated Universal Time
(i.e.  Mountain Daylight Time).  The time zone specification
can also be written without a colon using one or  two-digits
(indicating hours) or three or four digits (indicating hours
and minutes).

The acceptable units for time are listed in the udunits.dat file. The most commonly used of these strings (and
their abbreviations) includes day (d), hour (hr, h), minute (min) and second (sec, s). Plural forms are also
acceptable. The reference time string (appearing after the identifier since) may include date alone; date and 
time; or date, time, and time zone. The reference time is required. A reference time in year 0 has a special
meaning (see section 7.4).

Note: if the time zone is omitted the default is UTC, and if both time and time zone are omitted the default is
00:00:00 UTC.

We recommend that the unit year be used with caution. The Udunits package defines a year to be exactly 
365.242198781 days (the interval between 2 successive passages of the sun through vernal equinox). It is not a 
calendar year. Udunits includes the following definitions for years: a common_year is 365 days, a leap_year is 
366 days, a Julian_year is 365.25 days, and a Gregorian_year is 365.2425 days.

For similar reasons the unit month, which is defined in udunits.dat to be exactly year/12, should also be used
with caution.

Time axis:  

double time(time) ;
  time:long_name = "time" ;
  time:units = "days since 1990-1-1 0:0:0" ;

A time coordinate is identifiable from its units string alone. The Udunits routines utScan() and utIsTime() can 
be used to make this determination.

Optionally, the time coordinate may be indicated additionally by providing the standard_name attribute with an
appropriate value, and/or the axis attribute with the value T.

4.4.1  Calendar

In order to calculate a new date and time given a base date, base time and a time increment one must know
what calendar to use. For this purpose we recommend that the calendar be specified by the attribute calendar
which is assigned to the time coordinate variable. The values currently defined for calendar are:

gregorian or standard
Mixed Gregorian/Julian calendar as defined by Udunits. This is the default.

proleptic_gregorian

A Gregorian calendar extended to dates before 1582-10-15. That is, a year is a leap year if either (i) it is
divisible by 4 but not by 100 or (ii) it is divisible by 400.

noleap or 365_day
Gregorian calendar without leap years, i.e., all years are 365 days long.

all_leap or 366_day
Gregorian calendar with every year being a leap year, i.e., all years are 366 days long.

360_day

All years are 360 days divided into 30 day months.
julian

Julian calendar.
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none

No calendar.

The calendar attribute may be set to none in climate experiments that simulate a fixed time of year. The time
of year is indicated by the date in the reference time of the units attribute. The time coordinate that might
apply in a perpetual July experiment are given in the following example.

Perpetual time axis:  

variables:
  double time(time) ;
    time:long_name = "time" ;
    time:units = "days since 1-7-15 0:0:0" ;
    time:calendar = "none" ;
data:
  time = 0., 1., 2., ...;

Here, all days simulate the conditions of 15th July, so it does not make sense to give them different dates. The
time coordinates are interpreted as 0, 1, 2, etc. days since the start of the experiment.

If none of the calendars defined above applies (e.g., calendars appropriate to a different paleoclimate era), a
non-standard calendar can be defined. The lengths of each month are explicitly defined with the month_lengths
attribute of the time axis:

month_lengths

A vector of size 12, specifying the number of days in the months from January to December (in a
non-leap year).

If leap years are included, then two other attributes of the time axis should also be defined:

leap_year

An example of a leap year. It is assumed that all years that differ from this year by a multiple of four are
also leap years. If this attribute is absent, it is assumed there are no leap years.

leap_month

A value in the range 1-12, specifying which month is lengthened by a day in leap years (1=January). If
this attribute is not present, February (2) is assumed. This attribute is ignored if leap_year is not 
specified.

The calendar attribute is not required when a non-standard calendar is being used. It is sufficient to define the
calendar using the month_lengths attribute, along with leap_year, and leap_month as appropriate. However, the
calendar attribute is allowed to take non-standard values and in that case defining the non-standard calendar
using the appropriate attributes is required.

Paleoclimate time axis:  

double time(time) ;
  time:long_name = "time" ;
  time:units = "days since 1-1-1 0:0:0" ;
  time:calendar = "126 kyr B.P." ;
  time:month_lengths = 34, 31, 32, 30, 29, 27, 28, 28, 28, 32, 32, 34 ;

The mixed Gregorian/Julian calendar used by Udunits is explained in the following excerpt from the
udunits(3) man page:

The udunits(3) package uses a mixed Gregorian/Julian  calen-
dar  system.   Dates  prior to 1582-10-15 are assumed to use
the Julian calendar, which was introduced by  Julius  Caesar
in 46 BCE and is based on a year that is exactly 365.25 days
long.  Dates on and after 1582-10-15 are assumed to use  the
Gregorian calendar, which was introduced on that date and is
based on a year that is exactly 365.2425 days long.  (A year
is  actually  approximately 365.242198781 days long.)  Seem-
ingly strange behavior of the udunits(3) package can  result
if  a user-given time interval includes the changeover date.
For example, utCalendar() and utInvCalendar() can be used to
show that 1582-10-15 *preceded* 1582-10-14 by 9 days.

Due to problems caused by the discontinuity in the default mixed Gregorian/Julian calendar, we strongly
recommend that this calendar should only be used when the time coordinate does not cross the discontinuity.
For time coordinates that do cross the discontinuity the proleptic_gregorian calendar should be used instead.



16 of 42 03/02/2005 10:05 AM

5  Coordinate Systems

A variable’s spatiotemporal dimensions are used to locate data values in time and space. This is accomplished
by associating these dimensions with the relevant set of latitude, longitude, vertical, and time coordinates. This
section presents two methods for making that association: the use of coordinate variables, and the use of 
auxiliary coordinate variables.

All of a variable’s dimensions that are latitude, longitude, vertical, or time dimensions (see terminology) must 
have corresponding coordinate variables, i.e., one-dimensional variables with the same name as the dimension
(see examples in section 4). This is the only method of associating dimensions with coordinates that is
supported by COARDS [COARDS].

All of a variable’s spatiotemporal dimensions that are not latitude, longitude, vertical, or time dimensions are
required to be associated with the relevant latitude, longitude, vertical, or time coordinates via the new
coordinates attribute of the variable. The value of the coordinates attribute is a blank separated list of the
names of auxiliary coordinate variables. There is no restriction on the order in which the auxiliary coordinate
variables appear in the coordinates attribute string. The dimensions of an auxiliary coordinate variable must
be a subset of the dimensions of the variable with which the coordinate is associated (an exception is label
coordinates (section 6.1) which contain a dimension for maximum string length). We recommend that the
name of a multidimensional coordinate variable should not match the name of any of its dimensions because
that precludes supplying an associated coordinate variable for the dimension. This practice also avoids
potential bugs in applications that determine coordinate variables by only checking for a name match between
a dimension and a variable and not checking that the variable is one dimensional.

The use of coordinate variables is required whenever they are applicable. That is, auxiliary coordinate
variables may not be used as the only way to identify latitude and longitude coordinates that could be
identified using coordinate variables. This is both to enhance conformance to COARDS and to facilitate the
use of generic applications that recognize the NUG convention for coordinate variables. An application that is
trying to find the latitude coordinate of a variable should always look first to see if any of the variable’s
dimensions correspond to a latitude coordinate variable. If the latitude coordinate is not found this way, then
the auxiliary coordinate variables listed by the coordinates attribute should be checked. Note that it is
permissible, but optional, to list coordinate variables as well as auxiliary coordinate variables in the
coordinates attribute.

If the coordinate variables for a horizontal grid are not longitude and latitude, it is recommended that they be
supplied in addition to the required coordinates. For example, the Cartesian coordinates of a map projection
should be supplied as coordinate variables in addition to the required two-dimensional latitude and longitude
variables that are identified via the coordinates attribute.

It is sometimes not practical to specify the latitude-longitude location of data which is representative of
geographic regions with complex boundaries. For this purpose, provision is made in section 6.1.1 for 
indicating the region by a standardized name.

5.1  Independent latitude, longitude, vertical, and time axes

When each of a variable’s spatiotemporal dimensions is a latitude, longitude, vertical, or time dimension, then
each axis is identified by a coordinate variable.

dimensions:
  lat = 18 ;
  lon = 36 ;
  pres = 15 ;
  time = 4 ;
variables:
  float xwind(time,pres,lat,lon) ;
    xwind:long_name = "zonal wind" ;
    xwind:units = "m/s" ;
  float lon(lon) ;
    lon:long_name = "longitude" ;
    lon:units = "degrees_east" ;
  float lat(lat) ;
    lat:long_name = "latitude" ;
    lat:units = "degrees_north" ;
  float pres(pres) ;
    pres:long_name = "pressure" ;
    pres:units = "hPa" ;
  double time(time) ;
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    time:long_name = "time" ;
    time:units = "days since 1990-1-1 0:0:0" ;

xwind(n,k,j,i) is associated with the coordinate values lon(i), lat(j), pres(k), and time(n).

5.2  Two-dimensional latitude, longitude coordinate variables

The latitude and longitude coordinates of a horizontal grid that was not defined as a Cartesian product of
latitude and longitude axes, can sometimes be represented using two-dimensional coordinate variables. These
variables are identified as coordinates by use of the coordinates attribute.

dimensions:
  xc = 128 ;
  yc = 64 ;
  lev = 18 ;
variables:
  float T(lev,yc,xc) ;
    T:long_name = "temperature" ;
    T:units = "K" ;
    T:coordinates = "lon lat" ;
  float xc(xc) ;
    xc:long_name = "x-coordinate in Cartesian system" ;
    xc:units = "m" ;
  float yc(yc) ;
    yc:long_name = "y-coordinate in Cartesian system" ;
    yc:units = "m" ;
  float lev(lev) ;
    lev:long_name = "pressure level" ;
    lev:units = "hPa" ;
  float lon(yc,xc) ;
    lon:long_name = "longitude" ;
    lon:units = "degrees_east" ;
  float lat(yc,xc) ;
    lat:long_name = "latitude" ;
    lat:units = "degrees_north" ;

T(k,j,i) is associated with the coordinate values lon(j,i), lat(j,i), and lev(k). The vertical coordinate is
represented by the coordinate variable lev(lev) and the latitude and longitude coordinates are represented by
the auxiliary coordinate variables lat(yc,xc) and lon(yc,xc) which are identified by the coordinates attribute.

Note that coordinate variables are also defined for the xc and yc dimensions. This faciliates processing of this
data by generic applications that don’t recognize the multidimensional latitude and longitude coordinates.

5.3  Reduced horizontal grid

A "reduced" longitude-latitude grid is one in which the points are arranged along constant latitude lines with
the number of points on a latitude line decreasing toward the poles. Storing this type of gridded data in
two-dimensional arrays wastes space, and results in the presence of missing values in the 2D coordinate
variables. We recommend that this type of gridded data be stored using the compression scheme described in
section 8.2. Compression by gathering preserves structure by storing a set of indices that allows an application
to easily scatter the compressed data back to two-dimensional arrays. The compressed latitude and longitude
auxiliary coordinate variables are identified by the coordinates attribute.

dimensions:
  londim = 128 ;
  latdim = 64 ;
  rgrid = 6144 ;
variables:
  float PS(rgrid) ;
    PS:long_name = "surface pressure" ;
    PS:units = "Pa" ;
    PS:coordinates = "lon lat" ;
  float lon(rgrid) ;
    lon:long_name = "longitude" ;
    lon:units = "degrees_east" ;
  float lat(rgrid) ;
    lat:long_name = "latitude" ;
    lat:units = "degrees_north" ;
  int rgrid(rgrid);
    rgrid:compress = "latdim londim";

PS(n) is associated with the coordinate values lon(n), lat(n). Compressed grid index (n) would be assigned to
2D index (j,i) (C index conventions) where
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j = rgrid(n) / 128
i = rgrid(n) - 128*j

Notice that even if an application does not recognize the compress attribute, the grids stored in this format can
still be handled, by an application that recognizes the coordinates attribute.

5.4  Timeseries of station data

To represent data at scattered points it is convenient to use a variable with one dimension to represent the
measurement locations. Auxiliary coordinate variables are used to associate a single spatial dimension with
multiple independent coordinates.

dimensions:
  station = 10 ;  // measurement locations
  pressure = 11 ; // pressure levels
  time = UNLIMITED ;
variables:
  float humidity(time,pressure,station) ;
    humidity:long_name = "specific humidity" ;
    humidity:coordinates = "lat lon" ;
  double time(time) ;
    time:long_name = "time of measurement" ;
    time:units = "days since 1970-01-01 00:00:00" ;
  float lon(station) ;
    lon:long_name = "station longitude";
    lon:units = "degrees_east";
  float lat(station) ;
    lat:long_name = "station latitude" ;
    lat:units = "degrees_north" ;
  float pressure(pressure) ;
    pressure:long_name = "pressure" ;
    pressure:units = "hPa" ;

humidity(n,k,i) is associated with the coordinate values time(n), pressure(k), lat(i), and lon(i).

5.5  Trajectories

A possible representation of the spatiotemporal locations of measurements along a flight path is to use time to
parameterize the trajectory and use auxiliary coordinate variables to provide the spatial locations.

dimensions:
  time = 1000 ;
variables:
  float O3(time) ;
    O3:long_name = "ozone concentration" ;
    O3:units = "1e-9" ;
    O3:coordinates = "lon lat z" ;
  double time(time) ;
    time:long_name = "time" ;
    time:units = "days since 1970-01-01 00:00:00" ;
  float lon(time) ;
    lon:long_name = "longitude" ;
    lon:units = "degrees_east" ;
  float lat(time) ;
    lat:long_name = "latitude" ;
    lat:units = "degrees_north" ;
  float z(time) ;
    z:long_name = "height above mean sea level" ;
    z:units = "km" ;
    z:positive = "up" ;

O3(n) is associated with the coordinate values time(n), z(n), lat(n), and lon(n).

5.6  Grid mappings and projections

When the coordinate variables for a horizontal grid are not longitude and latitude, it is required that the true
latitude and longitude coordinates be supplied via the coordinates attribute. If in addition it is desired to
describe the mapping between the given coordinate variables and the true latitude and longitude coordinates,
the attribute grid_mapping may be used to supply this description. This attribute is attached to data variables so
that variables with different mappings may be present in a single file. The attribute takes a string value which
is the name of another variable in the file that provides the description of the mapping via a collection of
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attached attributes. This variable is called a grid mapping variable and is of arbitrary type since it contains no 
data. Its purpose is to act as a container for the attributes that define the mapping. The one attribute that all
grid mapping variables must have is grid_mapping_name which takes a string value that contains the mapping’s
name. The other attributes that define a specific mapping depend on the value of grid_mapping_name. The valid
values of grid_mapping_name along with the attributes that provide specific map parameter values are described
in Appendix F.

In order to make use of a grid mapping to directly calculate latitude and longitude values it is necessary to
associate the coordinate variables with the independent variables of the mapping. This is done by assigning a
standard_name to the coordinate variable. The appropriate values of the standard_name depend on the grid
mapping and are given in Appendix F.

Rotated pole grid:  

dimensions:
  rlon = 128 ;
  rlat = 64 ;
  lev = 18 ;
variables:
  float T(lev,rlat,rlon) ;
    T:long_name = "temperature" ;
    T:units = "K" ;
    T:coordinates = "lon lat" ;
    T:grid_mapping="rotated_pole"
  char rotated_pole
    rotated_pole:grid_mapping_name = "rotated_latitude_longitude" ;
    rotated_pole:grid_north_pole_latitude = 32.5 ;
    rotated_pole:grid_north_pole_longitude = 170. ;
  float rlon(rlon) ;
    rlon:long_name = "longitude in rotated pole grid" ;
    rlon:units = "degrees" ;
    rlon:standard_name = "grid_longitude";
  float rlat(rlat) ;
    rlat:long_name = "latitude in rotated pole grid" ;
    rlat:units = "degrees" ;
    rlon:standard_name = "grid_latitude";
  float lev(lev) ;
    lev:long_name = "pressure level" ;
    lev:units = "hPa" ;
  float lon(rlat,rlon) ;
    lon:long_name = "longitude" ;
    lon:units = "degrees_east" ;
  float lat(rlat,rlon) ;
    lat:long_name = "latitude" ;
    lat:units = "degrees_north" ;

A CF compliant application can determine that rlon and rlat are longitude and latitude values 
in the rotated grid by recognizing the standard names grid_longitude and grid_latitude. Note
that the units of the rotated longitude and latitude axes are given as degrees. This should
prevent a COARDS compliant application from mistaking the variables rlon and rlat to be 
actual longitude and latitude coordinates. The entries for these names in the standard name
table indicate the appropriate sign conventions for the units of degrees.

Lambert conformal projection:  

dimensions:
  y = 228;
  x = 306;
  time = 41;

variables:
  int Lambert_Conformal;
    Lambert_Conformal:grid_mapping_name = "lambert_conformal_conic";
    Lambert_Conformal:standard_parallel = 25.0;
    Lambert_Conformal:longitude_of_central_meridian = 265.0;
    Lambert_Conformal:latitude_of_projection_origin = 25.0;
  double y(y);
    y:units = "km";
    y:long_name = "y coordinate of projection";
    y:standard_name = "projection_y_coordinate";
  double x(x);
    x:units = "km";
    x:long_name = "x coordinate of projection";
    x:standard_name = "projection_x_coordinate";
  double lat(y, x);
    lat:units = "degrees_north";
    lat:long_name = "latitude coordinate";
    lat:standard_name = "latitude";
  double lon(y, x);
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    lon:units = "degrees_east";
    lon:long_name = "longitude coordinate";
    lon:standard_name = "longitude";
  int time(time);
    time:long_name = "forecast time";
    time:units = "hours since 2004-06-23T22:00:00Z";
  float Temperature(time, y, x);
    Temperature:units = "K";
    Temperature:long_name = "Temperature @ surface";
    Temperature:missing_value = 9999.0;
    Temperature:coordinates = "lat lon";
    Temperature:grid_mapping = "Lambert_Conformal";

An application can determine that x and y are the projection coordinates by recognizing the
standard names projection_x_coordinate and projection_y_coordinate. The grid mapping
variable Lambert_Conformal contains the mapping parameters as attributes, and is associated
with the Temperature variable via it’s grid_mapping attribute.

5.7  Scalar coordinate variables

When a variable has an associated coordinate which is single-valued, that coordinate may be represented as a
scalar variable. Since there is no associated dimension these scalar coordinate variables should be attached to a
data variable via the coordinates attribute.

Under COARDS the method of providing a single valued coordinate was to add a dimension of size one to the
variable, and supply the corresponding coordinate variable. The new scalar coordinate variable is a
convenience feature which avoids adding size one dimensions to variables. Scalar coordinate variables have
the same information content and can be used in the same contexts as a size one coordinate variable. Note 
however that use of this feature with a latitude, longitude, vertical, or time coordinate will inhibit COARDS
conforming applications from recognizing them.

Once a name is used for a scalar coordinate variable it can not be used for a 1D coordinate variable. For this
reason we strongly recommend against using a name for a scalar coordinate variable that matches the name of
any dimension in the file.

Multiple forecasts from a single analysis:  

dimensions:
  lat = 180 ;
  lon = 360 ;
  time = UNLIMITED ;
variables:
  double atime
    atime:standard_name = "forecast_reference_time" ;
    atime:units = "hours since 1999-01-01 00:00" ;
  double time(time);
    time:standard_name = "time" ;
    time:units = "hours since 1999-01-01 00:00" ;
  double lon(lon) ;
    lon:long_name = "station longitude";
    lon:units = "degrees_east";
  double lat(lat) ;
    lat:long_name = "station latitude" ;
    lat:units = "degrees_north" ;
  double p500
    p500:long_name = "pressure" ;
    p500:units = "hPa" ;
    p500:positive = "down" ;
  float height(time,lat,lon);
    height:long_name = "geopotential height" ;
    height:standard_name = "geopotential_height" ;
    height:units = "m" ;
    height:coordinates = "atime p500" ;
data:
  time = 6., 12., 18., 24. ;
  atime = 0. ;
  p500 = 500. ;

In this example both the analysis time and the single pressure level are represented using scalar
coordinate variables. The analysis time is identified by the standard name
"forecast_reference_time" while the valid time of the forecast is identified by the standard
name "time".



21 of 42 03/02/2005 10:05 AM

6   Labels and Alternative Coordinates

6.1  Labels

The previous section contained several examples in which measurements from scattered sites were grouped
using a single dimension. Coordinates of the site locations can be provided using auxiliary coordinate
variables, but it is often desirable to identify measurement sites by name, or some other unique string.

The list of string identifiers plays an analogous role to a coordinate variable, hence we have chosen to use the
coordinates attribute to provide the name of the variable that contains the string array. An application
processing the variables listed in the coordinates attribute can recognize a labeled axis by checking whether or
not a given variable contains character data.

Several parcel trajectories:   Consider a set of ocean floats that follow parcel trajectories
and simultaneously measure temperature at fixed times. We wish to identify the floats by
name. The temperature data is a function of parcel (i.e., float) and time. The location of each
sample is also a function of parcel and time, so the position information is stored in a
multidimensional coordinate variable.

dimensions:
  parcel = 15 ; // number of trajectories
  times = 20 ;
  max_len_parcel_name = 64 ; // max length of trajectory name
variables:
  float temperature(parcel,times) ;
    temperature:coordinates = "parcel_name lat lon" ;
  float times(times) ;
  char parcel_name(parcel,max_len_parcel_name) ;
  float lon(parcel,times) ;
  float lat(parcel,times) ;

6.1.1  Geographic regions

When data is representative of geographic regions which can be identified by names but which have complex
boundaries that cannot practically be specified using longitude and latitude boundary coordinates, a labeled
axis should be used to identify the regions. We recommend that the names be chosen from the list of
standardized region names whenever possible. To indicate that the label values are standardized the variable
that contains the labels must be given the standard_name attribute with the value region.

A latitude coordinate may be used in conjunction with a labeled axis that identifies a region if the longitude
axis has been contracted, for instance to give the zonal mean, as a function of latitude, for some quantity
within an ocean basin. Similarly, a longitude coordinate and a labeled axis may be used together if the latitude
axis has been contracted.

Northward heat transport in Atlantic Ocean:   Suppose we have data representing
northward heat transport across a set of zonal slices in the Atlantic Ocean. Note that the
standard names to describe this quantity do not include location information. That is provided
by the latitude coordinate and the labeled axis:

dimensions:
  times = 20 ;
  lat = 5
  lbl = 1 ;
  strlen = 64 ;
variables:
  float n_heat_transport(time,lat,lbl);
    n_heat_transport:units="W";
    n_heat_transport:coordinates="geo_region";
    n_heat_transport:standard_name="northward_ocean_heat_transport";
  double time(time) ;
    time:long_name = "time" ;
    time:units = "days since 1990-1-1 0:0:0" ;
  float lat(lat) ;
    lat:long_name = "latitude" ;
    lat:units = "degrees_north" ;
  char geo_region(lbl,strlen) ;
    geo_region:standard_name="region"
data:
  geo_region = "atlantic_ocean" ;
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  lat = 10., 20., 30., 40., 50. ;

6.2   Alternative coordinates

In some situations a dimension may have alternative sets of coordinates values. Since there can only be one
coordinate variable for the dimension (the variable with the same name as the dimension), any alternative sets
of values have to be stored in auxiliary coordinate variables. For such alternative coordinate variables, there
are no mandatory attributes, but they may have any of the attributes allowed for coordinate variables.

Model level numbers:   Levels on a vertical axis may be described by both the physical
coordinate and the ordinal model level number.

float xwind(sigma,lat);
  xwind:coordinates="model_level";
float sigma(sigma); // physical height coordinate
  sigma:long_name="sigma";
  sigma:positive="down";
int model_level(sigma); // model level number at each height
  model_level:long_name="model level number";
  model_level:positive="up";

7  Data Representative of Cells

When gridded data does not represent the point values of a field but instead represents some characteristic of
the field within cells of finite "volume," a complete description of the variable should include metadata that
describes the domain or extent of each cell, and the characteristic of the field that the cell values represent. It is
possible for a single data value to be the result of an operation whose domain is a disjoint set of cells. This is
true for many types of climatological averages, for example, the mean January temperature for the years
1970-2000. The methods that we present below for describing cells only provides an association of a grid
point with a single cell, not with a collection of cells. However, climatological statistics are of such
importance that we provide special methods for describing their associated computational domains in section
7.4.

7.1  Cell boundaries

To represent cells we add the attribute bounds to the appropriate coordinate variable(s). The value of bounds is 
the name of the variable that contains the vertices of the cell boundaries. We refer to this type of variable as a
"boundary variable." A boundary variable will have one more dimension than its associated coordinate or
auxiliary coordinate variable. The additional dimension should be the most rapidly varying one, and its size is
the maximum number of cell vertices. Since a boundary variable is considered to be part of a coordinate
variable’s metadata, it is not necessary to provide it with attributes such as long_name and units.

Note that the boundary variable for a set of N contiguous intervals is an array of shape (N,2). Although in this
case there will be a duplication of the boundary coordinates between adjacent intervals, this representation has
the advantage that it is general enough to handle, without modification, non-contiguous intervals, as well as
intervals on an axis using the unlimited dimension.

Applications that process cell boundary data often times need to determine whether or not adjacent cells share
an edge. In order to facilitate this type of processing the following restrictions are placed on the data in
boundary variables.

Bounds for 1-D coordinate variables

For a coordinate variable such as lat(lat) with associated boundary variable latbnd(x,2), the interval
endpoints must be ordered consistently with the associated coordinate, e.g., for an increasing coordinate,
lat(1) > lat(0) implies latbnd(i,1) >= latbnd(i,0) for all i.

If adjacent intervals are contiguous, the shared endpoint must be represented indentically in each
instance where it occurs in the boundary variable. For example, if the intervals that contain grid points
lat(i) and lat(i+1) are contiguous, then latbnd(i+1,0) = latbnd(i,1).

Bounds for 2-D coordinate variables with 4-sided cells
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In the case where the horizontal grid is described by two-dimensional auxiliary coordinate variables in
latitude lat(n,m) and longitude lon(n,m), and the associated cells are four-sided, then the boundary
variables are given in the form latbnd(n,m,4) and lonbnd(n,m,4), where the trailing index runs over the
four vertices of the cells. Let us call the side of cell (j,i) facing cell (j,i-1) the "i-1" side, the side facing
cell (j,i+1) the "i+1" side, and similarly for "j-1" and "j+1". Then we can refer to the vertex formed by
sides i-1 and j-1 as (j-1,i-1). With this notation, the four vertices are indexed as follows: 0=(j-1,i-1),
1=(j-1,i+1), 2=(j+1,i+1), 3=(j+1,i-1).

If i-j-upward is a right-handed coordinate system (like lon-lat-upward), this ordering means the vertices
will be traversed anticlockwise on the lon-lat surface seen from above. If i-j-upward is left-handed, they
will be traversed clockwise on the lon-lat surface.

The bounds can be used to decide whether cells are contiguous via the following relationships. In these
equations the variable bnd is used generically to represent either the latitude or longitude boundary
variable.

For 0 < j < n and 0 < i < m,

If cells (j,i) and (j,i+1) are contiguous, then

bnd(j,i,1)=bnd(j,i+1,0) and bnd(j,i,2)=bnd(j,i+1,3)

If cells (j,i) and (j+1,i) are contiguous, then

bnd(j,i,3)=bnd(j+1,i,0) and bnd(j,i,2)=bnd(j+1,i,1)

Bounds for multi-dimensional coordinate variables with p-sided cells

In all other cases, the bounds should be dimensioned (...,n,p), where (...,n) are the dimensions of the
auxiliary coordinate variables, and p the number of vertices of the cells. The vertices must be traversed
anticlockwise in the lon-lat plane as viewed from above. The starting vertex is not specified.

Cells on a latitude axis:  

dimensions:
  lat = 64;
  nv = 2;    // number of vertices
variables:
  float lat(lat);
    lat:long_name = "latitude";
    lat:units = "degrees_north";
    lat:bounds = "lat_bnds";
  float lat_bnds(lat,nv);

The boundary variable lat_bnds associates a latitude gridpoint i with the interval whose 
boundaries are lat_bnds(i,0) and lat_bnds(i,1). The gridpoint location, lat(i), should be 
contained within this interval.

For rectangular grids, two-dimensional cells can be expressed as Cartesian products of one-dimensional cells
of the type in the preceding example. However for non-rectangular grids a "rectangular" cell will in general
require specifying all four vertices for each cell.

Cells in a non-rectangular grid:  

dimensions:
  imax = 128;
  jmax = 64;
  nv = 4;
variables:
  float lat(jmax,imax);
    lat:long_name = "latitude";
    lat:units = "degrees_north";
    lat:bounds = "lat_bnds";
  float lon(jmax,imax);
    lon:long_name = "longitude";
    lon:units = "degrees_east";
    lon:bounds = "lon_bnds";
  float lat_bnds(jmax,imax,nv);
  float lon_bnds(jmax,imax,nv);

The boundary variables lat_bnds and lon_bnds associate a gridpoint (j,i) with the cell 
determined by the vertices (lat_bnds(j,i,n),lon_bnds(j,i,n)), n=0,..,3. The gridpoint
location, (lat(j,i),lon(j,i)), should be contained within this region.
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7.2  Cell measures

For some calculations, information is needed about the size, shape or location of the cells that cannot be
deduced from the coordinates and bounds without special knowledge that a generic application cannot be
expected to have. For instance, in computing the mean of several cell values, it is often appropriate to "weight"
the values by area. When computing an area-mean each grid cell value is multiplied by the grid-cell area
before summing, and then the sum is divided by the sum of the grid-cell areas. Area weights may also be
needed to map data from one grid to another in such a way as to preserve the area mean of the field. The
preservation of area-mean values while regridding may be essential, for example, when calculating surface
heat fluxes in an atmospheric model with a grid that differs from the ocean model grid to which it is coupled.

In many cases the areas can be calculated from the cell bounds, but there are exceptions. Consider, for
example, a spherical geodesic grid composed of contiguous, roughly hexagonal cells. The vertices of the cells
can be stored in the variable identified by the bounds attribute, but the cell perimeter is not uniquely defined by
its vertices (because the vertices could, for example, be connected by straight lines, or, on a sphere, by lines
following a great circle, or, in general, in some other way). Thus, given the cell vertices alone, it is generally
impossible to calculate the area of a grid cell. This is why it may be necessary to store the grid-cell areas in
addition to the cell vertices.

In other cases, the grid cell-volume might be needed and might not be easily calculated from the coordinate
information. In ocean models, for example, it is not uncommon to find "partial" grid cells at the bottom of the
ocean. In this case, rather than (or in addition to) indicating grid cell area, it may be necessary to indicate
volume.

To indicate extra information about the spatial properties of a variable’s grid cells, a cell_measures attribute 
may be defined for a variable. This is a string attribute comprising a list of blank-separated pairs of words of
the form "measure: name". For the moment, "area" and "volume" are the only defined measures, but others may
be supported in future. The "name" is the name of the variable containing the measure values, which we refer
to as a "measure variable". The dimensions of the measure variable should be the same as or a subset of the
dimensions of the variable to which they are related, but their order is not restricted. In the case of area, for
example, the field itself might be a function of longitude, latitude, and time, but the variable containing the
area values would only include longitude and latitude dimensions (and the dimension order could be reversed,
although this is not recommended). The variable must have a units attribute and may have other attributes 
such as a standard_name.

For rectangular longitude-latitude grids, the area of grid cells can be calculated from the bounds: the area of a
cell is proportional to the product of the difference in the longitude bounds of the cell and the difference
between the sine of each latitude bound of the cell. In this case supplying grid-cell areas via the cell_measures
attribute is unnecessary because it may be assumed that applications can perform this calculation, using their
own value for the radius of the Earth.

Cell areas for a spherical geodesic grid:  

dimensions:
  cell = 2562 ;  // number of grid cells
  time = 12 ;
  nv = 6 ;       // maximum number of cell vertices 
variables:
  float PS(time,cell) ;
    PS:units = "Pa" ;
    PS:coordinates = "lon lat" ;
    PS:cell_measures = "area: cell_area" ;
  float lon(cell) ;
    lon:long_name = "longitude" ;
    lon:units = "degrees_east" ;
    lon:bounds="lon_vertices" ;
  float lat(cell) ;
    lat:long_name = "latitude" ;
    lat:units = "degrees_north" ;
    lat:bounds="lat_vertices" ;
  float time(time) ;
    time:long_name = "time" ;
    time:units = "days since 1979-01-01 0:0:0" ;
  float cell_area(cell) ;
    cell_area:long_name = "area of grid cell" ;
    cell_area:standard_name="area";
    cell_area:units = "m2"
  float lon_vertices(cell,nv) ;
  float lat_vertices(cell,nv) ;
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7.3  Cell methods

To describe the characteristic of a field that is represented by cell values we define the cell_methods attribute 
of the variable. This is a string attribute comprising a list of blank-separated words of the form "name: method".
Each "name: method" pair indicates that for the axis identified by name, the cell values representing the field 
have been determined or derived by the specified method. The token name can be a dimension of the variable, a 
scalar coordinate variable, or a valid standard name. The values of method should be selected from the list in
Appendix E, which includes point, sum, mean, maximum, minimum, mid_range, standard_deviation, variance, mode, 
and median. Case is not significant in the method name. Some methods (e.g., variance) imply a change of units 
of the variable, and this also is specified by Appendix D. It must be remembered that the method applies only
to the axis indicated, and different methods may apply to other axes. If a precipitation value in a
longitude-latitude cell is given the method maximum for these axes, for instance, it means that it is the maximum
within these spatial cells, and does not imply that it is also the maximum in time.

The default interpretation for variables that have cells associated with their grid points, but do not have the
cell_methods attribute specified, depends on whether the quantity is extensive (which depends on the size of
the cell) or intensive (which doesn’t). So, for example, suppose the quantities "accumulated precipitation" and
"precipitation rate" each have a time axis and that time intervals are associated with each point on the time
axis via a boundary variable. A variable representing accumulated precipitation is extensive in time and
requires a time interval to be completely specified. Hence its default interpretation should be that the cell
associated with the grid point represents the time interval over which the precipitation was accumulated. This
is indicated explicitly by setting the cell method to sum. A precipitation rate on the other hand is intensive in
time and could equally well represent an instantaneous value or a mean value over the time interval specified
by the cell. However, if the mean method is not specified then the default interpretation for the quantity would
be instantaneous. The default method is indicated explicity by setting the cell method to point.

Methods applied to a timeseries:   Consider 12-hourly timeseries of pressure, temperature
and precipitation from a number of stations, where pressure is measured instantaneously,
maximum temperature for the preceding 12 hours is recorded, and precipitation is accumulated
in a rain gauge. For a period of 48 hours from 6 a.m. on 19 April 1998, the data is structured as
follows:

dimensions:
  time = UNLIMITED; // (5 currently)
  station = 10;
  nv = 2;
variables:
  float pressure(station,time);
    pressure:long_name = "pressure";
    pressure:units = "kPa";
  float maxtemp(station,time);
    maxtemp:long_name = "temperature";
    maxtemp:units = "K";
    maxtemp:cell_methods = "time: maximum";
  float ppn(station,time);
    ppn:long_name = "depth of water-equivalent precipitation";
    ppn:units = "mm";
  double time(time);
    time:long_name = "time";
    time:units = "h since 1998-4-19 6:0:0";
    time:bounds = "time_bnds";
  double time_bnds(time,nv);
data:
  time = 0., 12., 24., 36., 48.;
  time_bnds = -12.,0., 0.,12., 12.,24., 24.,36., 36.,48.;

Note that in this example the time axis values coincide with the end of each interval. It is
sometimes desirable, however, to use the midpoint of intervals as coordinate values for
variables that are representative of an interval. An application may simply obtain the midpoint
values by making use of the boundary data in time_bnds.

If more than one cell method is to be indicated, they should be arranged in the order they were applied. The
left-most operation is assumed to have been applied first. Suppose a quantity varies in both longitude and time
(dimensions lon and time) within each gridbox. Values that represent the time-average of the zonal maximum
are labelled cell_methods="lon: maximum time: mean", i.e. find the largest value at each instant of time over all
longitudes, then average these maxima over time; values of the zonal maximum of time-averages are labelled
cell_methods="time: mean lon: maximum". If the methods could have been applied in any order without
affecting the outcome, they may be put in any order in the cell_methods attribute.

If a data value is representative of variation over a combination of axes, a single method should be prefixed by
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the names of all the dimensions involved, whose order is immaterial. Dimensions should be grouped in this
way only if there is an essential difference from treating them individually. For instance, the standard
deviation of topographic height within a longitude-latitude gridbox would have cell_methods="lat: lon:
standard_deviation". This is not the same as cell_methods="lon: standard_deviation lat: 
standard_deviation", which would mean finding the standard deviation along each parallel of latitude within
the zonal extent of the gridbox, and then the standard deviation of these values over latitude.

To indicate more precisely how the cell method was applied, extra information may be included in parentheses
() after the identification of the method. This information includes standardized and non-standarized parts.
Currently the only stardardized information is to provide the typical interval between the original data values
to which the method was applied, in the situation where the present data values are statistically representative
of original data values which had a finer spacing. The syntax is (interval: value unit), where value is a 
numerical value and unit is a string that can be recognized by UNIDATA’s Udunits package [UDUNITS].
The unit does not have to be dimensionally equivalent to the unit of the corresponding dimension name,
although it often will be. Recording the original interval is particularly important for standard deviations. For
example, the standard deviation of daily values could be indicated by cell_methods="time:
standard_deviation (interval: 1 day)" and of annual values cell_methods="time: standard_deviation 
(interval: 1 year)".

If the cell method applies to a combination of axes, they may have a common original interval e.g.
cell_methods="lat: lon: standard_deviation (interval: 10 km)". Alternatively, they may have separate
intervals, which are matched to the names of axes by position e.g. cell_methods="lat: lon: 
standard_deviation (interval: 0.1 degree_N interval: 0.2 degree_E)", in which 0.1 degree applies to 
latitude and 0.2 degree to longitude.

If there is both standardized and non-standardized information, the non-standardized follows the standardized
information and the keyword comment:. For instance, an area-weighted mean over latitude could be indicated
as lat: mean (area-weighted) or lat: mean (interval: 1 degree_north comment: area-weighted).

A dimension of size one may be the result of "collapsing" an axis by some statistical operation, for instance by
calculating a variance from time series data. We strongly recommend that dimensions of size one be retained
and used to document the method and its domain.

Surface air temperature variance: The variance of the diurnal cycle on 1 January 1990
has been calculated from hourly instantaneous surface air temperature measurments. The time
dimension of size one has been retained.

dimensions:
  lat=90;
  lon=180;
  time=1;
  nv=2;
variables:
  float TS_var(time,lat,lon);
    TS_var:long_name="surface air temperature variance"
    TS_var:units="K2";
    TS_var:cell_methods="time: variance (of hourly instantaneous)";
  float time(time);
    time:units="days since 1990-01-01 00:00:00";
    time:bounds="time_bnds";
  float time_bnds(time,nv);
data:
  time=.5;
  time_bnds=0.,1.;

Notice that a parenthesized comment in the cell_methods attribute provides the nature of the
samples used to calculate the variance.

The convention of specifying a cell method for a standard_name rather than for a dimension with a coordinate
variable is to allow one to provide an indication that a particular cell method is relevant to the data without
having to provide a precise description of the corresponding cell. There are two reasons for doing this.

If the cell coordinate range cannot be precisely defined. For example, the Levitus ocean climatology
uses any data that exists. It is a time mean but the time range is not well defined, so cannot be stated.
For convenience, if the cell extends over all valid coordinates. This is permitted only for the standard
names longitude and latitude. Methods specified for these standard names are assumed to apply to the
complete range of longitude and latitude respectively. If in addition the data variable has a dimension
with a corresponding labeled axis that specifies a geographic region (see 6.1.1), the implied range of 
longitude and latitude is the valid range for each specified region.
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We recommend that whenever possible cell bounds should be supplied by giving the variable a dimension of
size one and attaching bounds to the associated coordinate variable.

7.4  Climatological statistics

Climatological statistics may be derived from corresponding portions of the annual cycle in a set of years, e.g.,
the average January temperatures in the climatology of 1961-1990, where the values are derived by averaging
the 30 Januarys from the separate years. Portions of the climatological cycle are specified by references to
dates within the calendar year. However, a calendar year is not a well-defined unit of time, because it differs
between leap years and other years, and among calendars. Nonetheless for practical purposes we wish to
compare statistics for months or seasons from different calendars, and to make climatologies from a mixture of
leap years and other years. Hence we provide special conventions for indicating dates within the
climatological year. Climatological statistics may also be derived from corresponding portions of a range of
days, for instance the average temperature for each hour of the average day in April 1997. In addition the two
concepts may be used at once, for instance to indicate not April 1997, but the average April of the five years
1995-1999.

Climatological variables have a climatological time axis. Like an ordinary time axis, a climatological time axis
may have a dimension of unity (for example, a variable containing the January average temperatures for
1961-1990), but often it will have several elements (for example, a climatological time axis with a dimension
of 12 for the climatological average temperatures in each month for 1961-1990, a dimension of 3 for the
January mean temperatures for the three decades 1961-1970, 1971-1980, 1981-1990, or a dimension of 24 for
the hours of an average day). Intervals of climatological time are conceptually different from ordinary time
intervals; a given interval of climatological time represents a set of subintervals which are not necessarily
contiguous. To indicate this difference, a climatological time coordinate variable does not have a bounds
attribute. Instead, it has a climatology attribute, which names a variable with dimensions (n,2), n being the
dimension of the climatological time axis. Using the units and calendar of the time coordinate variable,
element (i,0) of the climatology variable specifies the beginning of the first subinterval and element (i,1) the
end of the last subinterval used to evaluate the climatological statistics with index i in the time dimension. The
time coordinates should be values that are representative of the climatological time intervals, such that an
application which does not recognise climatological time will nonetheless be able to make a reasonable
interpretation.

The COARDS standard offers limited support for climatological time. For compatibility with COARDS, time
coordinates should also be recognised as climatological if they have a units attribute of time-units relative to
midnight on 1 January in year 0 i.e. since 0-1-1 in udunits syntax , and provided they refer to the real-world
calendar. We do not recommend this convention because (a) it does not provide any information about the
intervals used to compute the climatology, and (b) there is no standard for how dates since year 1 will be
encoded with units having a reference time in year 0, since this year does not exist; consequently there may be
inconsistencies among software packages in the interpretation of the time coordinates. Year 0 may be a valid
year in non-real-world calendars, and therefore cannot be used to signal climatological time in such cases.

A climatological axis may use different statistical methods to represent variation among years, within years
and within days. For example, the average January temperature in a climatology is obtained by averaging both
within years and over years. This is different from the average January-maximum temperature and the
maximum January-average temperature. For the former, we first calculate the maximum temperature in each
January, then average these maxima; for the latter, we first calculate the average temperature in each January,
then find the largest one. As usual, the statistical operations are recorded in the cell_methods attribute, which 
may have two or three entries for the climatological time dimension.

Valid values of the cell_methods attribute must be in one of the forms from the following list. The intervals
over which various statistical methods are applied are determined by decomposing the date and time
specifications of the climatological time bounds of a cell, as recorded in the variable named by the climatology
attribute. (The date and time specifications must be calculated from the time coordinates expressed in units of
"time interval since reference date and time".) In the descriptions that follow we use the abbreviations y, m, d, 
H, M, and S for year, month, day, hour, minute, and second respectively. The suffix 0 indicates the earlier 
bound and 1 the latter.

time: method1 within years  time: method2 over years
method1 is applied to the time intervals (mdHMS0-mdHMS1) within individual years and method2 is 
applied over the range of years (y0-y1).

time: method1 within days  time: method2 over days
method1 is applied to the time intervals (HMS0-HMS1) within individual days and method2 is applied 
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over the days of the interval (ymd0-ymd1).
time: method1 within days  time: method2 over days  time: method3 over years

method1 is applied to the time intervals (HMS0-HMS1) within individual days, method2 is applied over 
the days of the interval (md0-md1), and method3 is applied over the range of years (y0-y1).

The methods which can be specified are those listed in Appendix E and each entry in the cell_methods
attribute may also, as usual, contain non-standardised information in parentheses after the method. For
instance, a mean over ENSO years might be indicated by "time: mean over years (ENSO years)".

When considering intervals within years, if the earlier climatological time bound is later in the year than the
later climatological time bound, it implies that the time intervals for the individual years run from each year
across January 1 into the next year e.g. DJF intervals run from December 1 0:00 to March 1 0:00. Analogous
situations arise for daily intervals running across midnight from one day to the next.

When considering intervals within days, if the earlier time of day is equal to the later time of day, then the
method is applied to a full 24 hour day.

We have tried to make the examples in this section easier to understand by translating all time coordinate
values to date and time formats. This is not currently valid CDL syntax.

Climatological seasons: This example shows the metadata for the average
seasonal-minimum temperature for the four standard climatological seasons MAM JJA SON
DJF, made from data for March 1960 to February 1991.

dimensions:
  time=4;
  nv=2;
variables:
  float temperature(time,lat,lon);
    temperature:long_name="surface air temperature";
    temperature:cell_methods="time: minimum within years time: mean over years";
    temperature:units="K";
  double time(time);
    time:climatology="climatology_bounds";
    time:units="days since 1960-1-1";
  double climatology_bounds(time,nv);
data:  // time coordinates translated to date/time format
  time="1960-4-16", "1960-7-16", "1960-10-16", "1961-1-16" ;
  climatology_bounds="1960-3-1",  "1990-6-1",
                     "1960-6-1",  "1990-9-1",
                     "1960-9-1",  "1990-12-1",
                     "1960-12-1", "1991-3-1" ;

Decadal averages for January: Average January precipitation totals are given for each of
the decades 1961-1970, 1971-1980, 1981-1990.

dimensions:
  time=3;
  nv=2;
variables:
  float precipitation(time,lat,lon);
    precipitation:long_name="precipitation amount";
    precipitation:cell_methods="time: sum within years time: mean over years";
    precipitation:units="kg m-2";
  double time(time);
    time:climatology="climatology_bounds";
    time:units="days since 1901-1-1";
  double time_bounds(time,nv);
  double climatology_bounds(time,nv);
data:  // time coordinates translated to date/time format
  time="1965-1-15", "1975-1-15", "1985-1-15" ;
  climatology_bounds="1961-1-1", "1970-2-1",
                     "1971-1-1", "1980-2-1",
                     "1981-1-1", "1990-2-1" ;

Temperature for each hour of the average day: Hourly average temperatures are given
for April 1997.

dimensions:
  time=24;
  nv=2;
variables:
  float temperature(time,lat,lon);
    temperature:long_name="surface air temperature";
    temperature:cell_methods="time: mean within days time: mean over days";
    temperature:units="K";
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  double time(time);
    time:climatology="climatology_bounds";
    time:units="hours since 1997-4-1";
  double climatology_bounds(time,nv);
data:  // time coordinates translated to date/time format
  time="1997-4-1 0:30", "1997-4-1 1:30", ... "1997-4-1 23:30" ;
  climatology_bounds="1997-4-1 0:00",  "1997-4-30 1:00",
                     "1997-4-1 1:00",  "1997-4-30 2:00",
                     ...
                     "1997-4-1 23:00", "1997-5-1 0:00" ;

Temperature for each hour of the typical climatological day: This is a modified 
version of the previous example. It now applies to April from a 1961-1990 climatology.

variables:
  float temperature(time,lat,lon);
    temperature:long_name="surface air temperature";
    temperature:cell_methods="time: mean within days ",
      "time: mean over days time: mean over years";
    temperature:units="K";
  double time(time);
    time:climatology="climatology_bounds";
    time:units="days since 1961-1-1";
  double climatology_bounds(time,nv);
data:  // time coordinates translated to date/time format
  time="1961-4-1 0:30", "1961-4-1 1:30", ..., "1961-4-1 23:30" ;
  climatology_bounds="1961-4-1 0:00", "1990-4-30 1:00",
                     "1961-4-1 1:00", "1990-4-30 2:00",
                     ...
                     "1961-4-1 23:00", "1990-5-1 0:00" ;

Monthly-maximum daily precipitation totals: Maximum of daily precipitation amounts
for each of the three months June, July and August 2000 are given. The first daily total applies
to 6 a.m. on 1 June to 6 a.m. on 2 June, the 30th from 6 a.m. on 30 June to 6 a.m. on 1 July.
The maximum of these 30 values is stored under time index 0 in the precipitation array.

dimensions:
  time=3;
  nv=2;
variables:
  float precipitation(time,lat,lon);
    precipitation:long_name="Accumulated precipitation";
    precipitation:cell_methods="time: sum within days time: maximum over days"; 
    precipitation:units="kg";
  double time(time);
    time:climatology="climatology_bounds";
    time:units="days since 2000-6-1";
  double climatology_bounds(time,nv);
data:  // time coordinates translated to date/time format
  time="2000-6-16", "2000-7-16", "2000-8-16" ;
  climatology_bounds="2000-6-1 6:00:00", "2000-7-1 6:00:00",
                     "2000-7-1 6:00:00", "2000-8-1 6:00:00",
                     "2000-8-1 6:00:00", "2000-9-1 6:00:00" ;

8  Reduction of Dataset Size

There are two methods for reducing dataset size: packing and compression. By packing we mean altering the
data in a way that reduces its precision. By compression we mean techniques that store the data more
efficiently and result in no precision loss. Compression only works in certain circumstances, e.g., when a
variable contains a significant amount of missing or repeated data values. In this case it is possible to make use
of standard utilities, e.g., UNIX compress or GNU gzip, to compress the entire file after it has been written. In
this section we offer an alternative compression method that is applied on a variable by variable basis. This
has the advantage that only one variable need be uncompressed at a given time. The disadvantage is that
generic utilities that don’t recognize the CF conventions will not be able to operate on compressed variables.

8.1  Packed data

At the current time the netCDF interface does not provide for packing data. However a simple packing may be
achieved through the use of the optional NUG defined attributes scale_factor and add_offset. After the data
values of a variable have been read, they are to be multiplied by the scale_factor, and have add_offset added
to them. If both attributes are present, the data are scaled before the offset is added. When scaled data are
written, the application should first subtract the offset and then divide by the scale factor. The units of a
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variable should be representative of the unpacked data.

This standard is more restrictive than the NUG with respect to the use of the scale_factor and add_offset
attributes; ambiguities and precision problems related to data type conversions are resolved by these
restrictions. If the scale_factor and add_offset attributes are of the same data type as the associated variable,
the unpacked data is assumed to be of the same data type as the packed data. However, if the scale_factor and 
add_offset attributes are of a different data type from the variable (containing the packed data) then the
unpacked data should match the type of these attributes, which must both be of type float or both be of type 
double. An additional restriction in this case is that the variable containing the packed data must be of type
byte, short or int. It is not advised to unpack an int into a float as there is a potential precision loss.

When data to be packed contains missing values the attributes that indicate missing values (_FillValue, 
valid_min, valid_max, valid_range) must be of the same data type as the packed data. See section 2.5.1 for a 
discussion of how applications should treat variables that have attributes indicating both missing values and
transformations defined by a scale and/or offset.

8.2  Compression by gathering

To save space in the netCDF file, it may be desirable to eliminate points from data arrays that are invariably
missing. Such a compression can operate over one or more adjacent axes, and is accomplished with reference
to a list of the points to be stored. The list is constructed by considering a mask array that only includes the
axes to be compressed, and then mapping this array onto one dimension without reordering. The list is the set
of indices in this one-dimensional mask of the required points. In the compressed array, the axes to be
compressed are all replaced by a single axis, whose dimension is the number of wanted points. The wanted
points appear along this dimension in the same order they appear in the uncompressed array, with the
unwanted points skipped over. Compression and uncompression are executed by looping over the list.

The list is stored as the coordinate variable for the compressed axis of the data array. Thus, the list variable
and its dimension have the same name. The list variable has a string attribute compress, containing a 
blank-separated list of the dimensions which were affected by the compression in the order of the CDL
declaration of the uncompressed array. The presence of this attribute identifies the list variable as such. The
list, the original dimensions and coordinate variables (including boundary variables), and the compressed
variables with all the attributes of the uncompressed variables are written to the netCDF file. The
uncompressed variables can be reconstituted exactly as they were using this information.

Horizontal compression of a three-dimensional array:   We eliminate sea points at all
depths in a longitude-latitude-depth array of soil temperatures. In this case, only the longitude
and latitude axes would be affected by the compression. We construct a list
landpoint(landpoint) containing the indices of land points.

dimensions:
  lat=73;
  lon=96;
  landpoint=2381;
  depth=4;
variables:
  int landpoint(landpoint);
    landpoint:compress="lat lon";
  float landsoilt(depth,landpoint);
    landsoilt:long_name="soil temperature";
    landsoilt:units="K";
  float depth(depth);
  float lat(lat);
  float lon(lon);
data:
  landpoint=363, 364, 365, ...;

Since landpoint(0)=363, for instance, we know that landsoilt(*,0) maps on to point 363 of the 
original data with dimensions (lat,lon). This corresponds to indices (3,75), i.e., 363 = 3*96 + 
75.

Compression of a three-dimensional field:   We compress a longitude-latitude-depth field
of ocean salinity by eliminating points below the sea-floor. In this case, all three dimensions
are affected by the compression, since there are successively fewer active ocean points at
increasing depths.

variables:
  float salinity(time,oceanpoint);
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  int oceanpoint(oceanpoint);
    oceanpoint:compress="depth lat lon";
  float depth(depth);
  float lat(lat);
  float lon(lon);
  double time(time);

This information implies that the salinity field should be uncompressed to an array with
dimensions (depth,lat,lon).

Appendices

A  Attributes

All CF attributes are listed here except for those that are used to describe grid mappings. See Appendix F for 
the grid mapping attributes.
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The "Type" values are S  for string, N for numeric. The "Use" values are G for global, C for 
variables containing coordinate data, and D for variables containing non-coordinate data.
"Links" indicates the location of the attribute’s original definition (first link) and sections

where the attribute is discussed in this document (additional links as necessary).

Attribute Type Use Links Description

add_offset N D NUG(8.1) , 
8.1

If present for a variable, this number is 
to be added to the data after it is read
by an application. If both scale_factor
and add_offset attributes are present,
the data are first scaled before the 
offset is added.

ancillary_variables S D 3.4

Identifies a variable that contains 
closely associated data, e.g., the
measurement uncertainties of 
instrument data.

axis S C 4 Identifies latitude, longitude, vertical,
or time axes.

bounds S C 7.1 Identifies a boundary variable.
calendar S C 4.4.1 Calendar used for encoding time axes.

cell_measures S D 7.2 Identifies variables that contain cell 
areas or volumes.

cell_methods S D 7.3, 7.4 Records the method used to derive data 
that represents cell values.

climatology S C 7.4 Identifies a climatology variable.

comment S G, 
D 2.6.2 Miscellaneous information about the

data or methods used to produce it.

compress S C 8.2, 5.3 Records dimensions which have been
compressed by gathering.

Conventions S G NUG(8.1) Name of the conventions followed by 
the dataset.

coordinates S D 5, 6.1, 6.2
Identifies auxiliary coordinate 
variables, label variables, and alternate
coordinate variables.

_FillValue N D NUG(8.1) A value used to represent missing or 
undefined data.

flag_meanings S D 3.5

Use in conjunction with flag_values to
provide descriptive words or phrases
for each flag value. If multi-word 
phrases are used to describe the flag
values, then the words within a phrase 
should be connected with underscores.

flag_values S D 3.5 Provides a list of the flag values. Use
in conjunction with flag_meanings.

formula_terms S C 4.3.2 Identifies variables that correspond to
the terms in a formula.

grid_mapping S D 5.6 Identifies a variable that defines a grid
mapping.

history S G NUG(8.1) List of the applications that have 
modified the original data.

institution S G, 
D 2.6.2 Where the original data was produced.

leap_month N C 4.4.1
Specifies which month is lengthened
by a day in leap years for a user 
defined calendar.

Provides an example of a leap year for 
a user defined calendar. It is assumed
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Attribute Type Use Links Description

long_name S C, 
D

NUG(8.1),
3.2

A descriptive name that indicates a 
variable’s content. This name is not
standardized.

missing_value N D 2.5.1
A value used to represent missing or
undefined data (deprecated by the 
NUG).

month_lengths N C 4.4.1
Specifies the length of each month in a
non-leap year for a user defined 
calendar.

positive S C COARDS Direction of increasing vertical 
coordinate value.

references S G, 
D 2.6.2 References that describe the data or

methods used to produce it.

scale_factor N D NUG(8.1) , 
8.1

If present for a variable, the data are to 
be multiplied by this factor after the
data are read by an application See
also the add_offset attribute.

source S G, 
D 2.6.2 Method of production of the original 

data.

standard_error_multiplier N D App C

If a data variable with a standard_name
modifier of standard_error has this 
attribute, it indicates that the values are
the stated multiple of one standard 
error.

standard_name S C, 
D 3.3

A standard name that references a
description of a variable’s content in 
the standard name table.

title S G NUG(8.1) Short description of the file contents.

units S C, 
D

NUG(8.1), 
3.1 Units of a variable’s content.

valid_max N C, 
D NUG(8.1) Largest valid value of a variable.

valid_min N C, 
D NUG(8.1) Smallest valid value of a variable.

valid_range N C, 
D NUG(8.1) Smallest and largest valid values of a 

variable.

B  Standard Name Table Format

The CF standard name table is an XML document (i.e., its format adheres to the XML 1.0 [XML] 
recommendation). The XML suite of protocols provides a reasonable balance between human and machine
readability. It also provides extensive support for internationalization. See the W3C [W3C] home page for
more information.

The document begins with a header that identifies it as an XML file:

<?xml version="1.0"?>

Next is the name table itself, which is bracketed by the tags <standard_name_table> and
</standard_name_table>. The start tag contains a reference to the external file, CFStandardNameTable.xsd,
that describes the structure of the standard name table using an XML schema.

<standard_name_table xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance"
xsi:noNamespaceSchemaLocation="CFStandardNameTable.xsd">

The content (delimited by the <standard_name_table> tags) consists of, in order,
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<institution>Name of institution here ... </institution>
<contact>E-mail address of contact person ... </contact>

followed by a sequence of entry elements which may optionally be followed by a sequence of alias elements.
The entry and alias elements take the following forms:

<entry id="an_id">Define the variable whose
      standard_name attribute has the value "an_id".
</entry>
<alias id="another_id">Provide alias for a variable whose
      standard_name attribute has the value "another_id".
</alias>

The value of the id attribute appearing in the entry and alias tags is a case sensitive string, containing no
whitespace, which uniquely identifies the entry relative to the table. This is the value used for a variable’s 
standard_name attribute.

The purpose of the entry elements are to provide definitions for the id strings. Each entry element contains 
the following elements:

<entry id="an_id">
  <canonical_units>Representative units for the variable ... </canonical_units>
  <description>Description of the variable ... </description>
</entry>

entry elements may optionally also contain the following elements:

  <grib>GRIB parameter code</grib>
  <amip>AMIP identifier string</amip>

Not all variables have equivalent AMIP or GRIB codes. ECMWF GRIB codes start with E, NCEP codes with 
N. Standard codes (in the range 1-127) are not prefaced. When a variable has more than one equivalent GRIB
code, the alternatives are given as a blank-separated list.

The alias elements do not contain definitions. Rather they contain the value of the id attribute of an entry
element that contains the sought after definition. The purpose of the alias elements are to provide a means for 
maintaining the table in a backwards compatible fashion. For example, if more than one id string was found to 
correspond to identical definitions, then the redundant definitions can be converted into aliases. It is not
intended that the alias elements be used to accommodate the use of local naming conventions in the
standard_name attribute strings. Each alias element contains a single element:

<alias id="an_id">
  <entry_id>Identifier of the defining entry ... </entry_id>
</alias>

Example: A name table containing three entries.

<?xml version="1.0"?>
<standard_name_table>
  <institution>Program for Climate Model Diagnosis and Intercomparison</institution>
  <contact>support@pcmdi.llnl.gov</contact>
  <entry id="surface_air_pressure">
    <canonical_units>Pa</canonical_units>
    <grib>E134</grib>
    <amip>ps</amip>
    <description>The surface called "surface" means the lower boundary
      of the atmosphere.
    </description>
  </entry>
  <entry id="air_pressure_at_sea_level">
    <canonical_units>Pa</canonical_units>
    <grib>2 E151</grib>
    <amip>psl</amip>
    <description>Air pressure at sea level is the quantity often
      abbreviated as MSLP or PMSL. sea_level means mean sea level, which is
      close to the geoid in sea areas.
    </description>
  </entry>
  <alias id="mean_sea_level_pressure">
    <entry_id>air_pressure_at_sea_level</entry_id>
  </alias>
</standard_name_table>

The definition of a variable with the standard_name attribute surface_air_pressure is found directly since the 
element with id="surface_air_pressure" is an entry element which contains the definition.
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The definition of a variable with the standard_name attribute mean_sea_level_pressure is found indirectly by 
first finding the element with the id="mean_sea_level_pressure", and then, since this is an alias element, by 
searching for the element with id="air_pressure_at_sea_level" as indicated by the value of the entry_id tag.

It is possible that new tags may be added in the future. Any applications that parse the standard table should be
written so that unrecognized tags are gracefully ignored.

C  Standard Name Modifiers

In the ‘‘Units’’ column, u indicates units dimensionally equivalent to those for the unmodified standard name.

Modifier Units Description

detection_minimum u The smallest data value which is regarded as a detectable
signal.

number_of_observations 1 The number of discrete observations or measurements from 
which a data value has been derived.

standard_error u

The uncertainty of the data value. The standard error 
includes both systematic and statistical uncertainty. By
default it is assumed that the values supplied are for one
standard error. If the values supplied are for some multiple
of the standard error, the standard_error ancillary variable
should have an attribute standard_error_multiplier stating 
the multiplication factor.

status_flag

Flag values indicating the quality or other status of the data 
values. The variable should have flag_values and 
flag_meanings attributes to show how it should be 
interpreted (section 3.5).

D  Dimensionless Vertical Coordinates

The definitions given here allow an application to compute dimensional coordinate values from the
dimensionless ones and associated variables. The formulas are expressed for a gridpoint (n,k,j,i) where i
and j are the horizontal indices, k is the vertical index and n is the time index. A coordinate variable is
associated with its definition by the value of the standard_name attribute. The terms in the definition are
associated with file variables by the formula_terms attribute. The formula_terms attribute takes a string value,
the string being comprised of blank-separated elements of the form "term: variable", where term is a keyword 
that represents one of the terms in the definition, and variable is the name of the variable in a netCDF file that
contains the values for that term. The order of elements is not significant.

The gridpoint indices are not formally part of the definitions, but are included to illustrate the indices that
might be present in the file variables. For example, a vertical coordinate whose definition contains a time
index is not necessarily time dependent in all netCDF files. Also, the definitions are given in general forms
that may be simplified by omitting certain terms. A term that is omitted from the formula_terms attribute 
should be assumed to be zero.

Atmosphere sigma coordinate

standard_name = "atmosphere_sigma_coordinate"

Definition:

p(n,k,j,i) = ptop + sigma(k)*(ps(n,j,i)-ptop)

where p(n,k,j,i) is the pressure at gridpoint (n,k,j,i), ptop is the pressure at the top of the model,
sigma(k) is the dimensionless coordinate at vertical gridpoint (k), and ps(n,j,i) is the surface pressure at
horizontal gridpoint (j,i) and time (n).

The format for the formula_terms attribute is
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formula_terms = "sigma: var1 ps: var2 ptop: var3"

Atmosphere hybrid sigma pressure coordinate

standard_name = "atmosphere_hybrid_sigma_pressure_coordinate"

Definition:

p(n,k,j,i) = a(k)*p0 + b(k)*ps(n,j,i)

or

p(n,k,j,i) = ap(k) + b(k)*ps(n,j,i)

where p(n,k,j,i) is the pressure at gridpoint (n,k,j,i), a(k) or ap(k) and b(k) are components of the 
hybrid coordinate at level k, p0 is a reference pressure, and ps(n,j,i) is the surface pressure at horizontal 
gridpoint (j,i) and time (n). The choice of whether a(k) or ap(k) is used depends on model formulation;
the former is a dimensionless fraction, the latter a pressure value. In both formulations, b(k) is a 
dimensionless fraction.

The format for the formula_terms attribute is

formula_terms = "a: var1 b: var2 ps: var3 p0: var4"

where a is replaced by ap if appropriate.

The hybrid sigma-pressure coordinate for level k is defined as a(k)+b(k) or ap(k)/p0+b(k), as appropriate.

Atmosphere hybrid height coordinate

standard_name = "atmosphere_hybrid_height_coordinate"

Definition:

z(n,k,j,i) = tau(k)*zsurface(n,j,i) + eta(k)*ztop

where z(n,k,j,i) is the height above the geoid (approximately mean sea level) at gridpoint (k,j,i) and 
time (n), zsurface(n,j,i) is the height of the surface about mean sea level at (j,i) and time (n), ztop is the 
height of the top of the model, and tau(k) and eta(k) are the dimensionless coordinates which define hybrid
height level k.

The format for the formula_terms attribute is

formula_terms = "tau: var1 eta: var2 ztop: var3 zsurface: var4"

The hybrid height coordinate for level k is defined as eta(k)*ztop.

Atmosphere smooth level vertical (SLEVE) coordinate

standard_name = "atmosphere_sleve_coordinate"

Definition:

z(n,k,j,i) = a(k)*ztop + b1(k)*zsurf1(n,j,i) + b2(k)*zsurf2(n,j,i)

where z(n,k,j,i) is the height above the geoid (approximately mean sea level) at gridpoint (k,j,i) and 
time (n), ztop is the height of the top of the model, and a(k), b1(k) and b2(k) are the dimensionless 
coordinates which define hybrid height level k. zsurf1(n,j,i) and zsurf2(n,j,i) are respectively the large 
and small scale parts of the topography. See Schaer et al [SCH02] for details.

The format for the formula_terms attribute is

formula_terms = "a: var1 b1: var2 b2: var3 ztop: var4 zsurf1: var5 zsurf2: var6"
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The hybrid height coordinate for level k is defined as a(k)*ztop.

Ocean sigma coordinate

standard_name = "ocean_sigma_coordinate"

Definition:

z(n,k,j,i) = eta(n,j,i) + sigma(k)*(depth(j,i)+eta(n,j,i))

where z(n,k,j,i) is height, positive upwards, relative to ocean datum (e.g. mean sea level) at gridpoint
(n,k,j,i), eta(n,j,i) is the height of the ocean surface, positive upwards, relative to ocean datum at
gridpoint (n,j,i), sigma(k) is the dimensionless coordinate at vertical gridpoint (k), and depth(j,i) is the 
distance from ocean datum to sea floor (positive value) at horizontal gridpoint (j,i).

The format for the formula_terms attribute is

formula_terms = "sigma: var1 eta: var2 depth: var3"

Ocean s-coordinate

standard_name = "ocean_s_coordinate"

Definition:

z(n,k,j,i) = eta(n,j,i)*(1+s(k)) + depth_c*s(k) +
             (depth(j,i)-depth_c)*C(k)

  C(k) = (1-b)*sinh(a*s(k))/sinh(a) + 
         b*[tanh(a*(s(k)+0.5))/(2*tanh(0.5*a)) - 0.5]

where z(n,k,j,i) is height, positive upwards, relative to ocean datum (e.g. mean sea level) at gridpoint
(n,k,j,i), eta(n,j,i) is the height of the ocean surface, positive upwards, relative to ocean datum at
gridpoint (n,j,i), s(k) is the dimensionless coordinate at vertical gridpoint (k), and depth(j,i) is the 
distance from ocean datum to sea floor (positive value) at horizontal gridpoint (j,i). The constants a, b, and 
depth_c control the stretching.

The format for the formula_terms attribute is

formula_terms = "s: var1 eta: var2 depth: var3 a: var4 b: var5 depth_c: var6"

Ocean sigma over z coordinate

standard_name = "ocean_sigma_z_coordinate"

Definition:

for k <= nsigma:

  z(n,k,j,i) = eta(n,j,i) + sigma(k)*(min(depth_c,depth(j,i))+eta(n,j,i))
 
for k > nsigma:

  z(n,k,j,i) = zlev(k)

where z(n,k,j,i) is height, positive upwards, relative to ocean datum (e.g. mean sea level) at gridpoint
(n,k,j,i), eta(n,j,i) is the height of the ocean surface, positive upwards, relative to ocean datum at
gridpoint (n,j,i), sigma(k) is the dimensionless coordinate at vertical gridpoint (k) for k <= nsigma, and 
depth(j,i) is the distance from ocean datum to sea floor (positive value) at horizontal gridpoint (j,i).
Above depth depth_c there are nsigma layers.

The format for the formula_terms attribute is

formula_terms = "sigma: var1 eta: var2 depth: var3 depth_c: var4 nsigma: var5 zlev: var6"



38 of 42 03/02/2005 10:05 AM

Ocean double sigma coordinate

standard_name = "ocean_double_sigma_coordinate"

Definition:

for k <= k_c

  z(k,j,i)= sigma(k)*f(j,i)

for k > k_c

  z(k,j,i)= f(j,i) + (sigma(k)-1)*(depth(j,i)-f(j,i))

f(j,i)= 0.5*(z1+ z2) + 0.5*(z1-z2)* tanh(2*a/(z1-z2)*(depth(j,i)-href))

where z(k,j,i) is height, positive upwards, relative to ocean datum (e.g. mean sea level) at gridpoint
(k,j,i), sigma(k) is the dimensionless coordinate at vertical gridpoint (k) for k <= k_c, and depth(j,i) is 
the distance from ocean datum to sea floor (positive value) at horizontal gridpoint (j,i).    z1, z2, a, and 
href are constants.

The format for the formula_terms attribute is

formula_terms = "sigma: var1 depth: var2 z1: var3 z2: var4 a: var5 href: var6 k_c: var7"

E  Cell Methods

In the ‘‘Units’’ column, u indicates the units of the physical quantity before the method is
applied.

cell_methods Units Description

point u
The data values are representative of points in space or time
(instantaneous). This is the default method for a quantity that is
intensive with respect to the specified dimension.

sum u
The data values are representative of a sum or accumulation
over the cell. This is the default method for a quantity that is
extensive with respect to the specified dimension.

maximum u Maximum 
median u Median 
mid_range u Average of maximum and minimum
minimum u Minimum 
mean u Mean (average value) 
mode u Mode (most common value)
standard_deviation u Standard deviation

variance u2 Variance 

F  Grid Mappings

Each recognized grid mapping is described in one of the sections below. Each section contains: the valid name
that is used with the grid_mapping_name attribute; a list of the specific attributes that may be used to assign
values to the mapping’s parameters; the standard names used to identify the coordinate variables that contain
the mapping’s independent variables; and references to the mapping’s definition or other information that may
help in using the mapping. Since the attributes used to set a mapping’s parameters may be shared among
several mappings, their definitions are contained in a table in the final section.

We have used the FGDC "Content Standard for Digital Geospatial Metadata" [FGDC] as a guide in choosing 
the values for grid_mapping_name and the attribute names for the parameters describing map projections.

Albers equal area
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grid_mapping_name = albers_conical_equal_area

Map parameters:

standard_parallel - There may be 1 or 2 values.
longitude_of_central_meridian

latitude_of_projection_origin

false_easting

false_northing

Map coordinates: The x (abscissa) and y (ordinate) rectangular coordinates are identified by the
standard_name attribute values projection_x_coordinate and projection_y_coordinate respectively.

Notes: Notes on using the PROJ.4 software package for computing the mapping may be found at
http://www.remotesensing.org/geotiff/proj_list/albers_equal_area_conic.html

Lambert azimuthal equal area

grid_mapping_name = lambert_azimuthal_equal_area

Map parameters:

longitude_of_projection_origin

latitude_of_projection_origin

false_easting

false_northing

Map coordinates: The x (abscissa) and y (ordinate) rectangular coordinates are identified by the
standard_name attribute values projection_x_coordinate and projection_y_coordinate respectively.

Notes: Notes on using the PROJ.4 software package for computing the mapping may be found at
http://www.remotesensing.org/geotiff/proj_list/lambert_azimuthal_equal_area.html

Lambert conformal

grid_mapping_name = lambert_conformal_conic

Map parameters:

standard_parallel - There may be 1 or 2 values.
longitude_of_central_meridian

latitude_of_projection_origin

false_easting

false_northing

Map coordinates: The x (abscissa) and y (ordinate) rectangular coordinates are identified by the
standard_name attribute values projection_x_coordinate and projection_y_coordinate respectively.

Notes: Formulas for the mapping and its inverse along with notes on using the PROJ.4 software package for 
doing the calcuations may be found at
http://www.remotesensing.org/geotiff/proj_list/lambert_conic_conformal_2sp.html

Polar stereographic

grid_mapping_name = polar_stereographic

Map parameters:

straight_vertical_longitude_from_pole

latitude_of_projection_origin - Either +90. or -90.
Either standard_parallel or scale_factor_at_projection_origin
false_easting
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false_northing

Map coordinates: The x (abscissa) and y (ordinate) rectangular coordinates are identified by the
standard_name attribute values projection_x_coordinate and projection_y_coordinate respectively.

Notes: Formulas for the mapping and its inverse along with notes on using the PROJ.4 software package for 
doing the calcuations may be found at
http://www.remotesensing.org/geotiff/proj_list/polar_stereographic.html

Rotated pole

grid_mapping_name = rotated_latitude_longitude

Map parameters:

grid_north_pole_latitude

grid_north_pole_longitude

north_pole_grid_longitude - This parameter is optional (default is 0.).

Map coordinates: The rotated latitude and longitude coordinates are identified by the standard_name
attribute values grid_latitude and grid_longitude respectively.

Notes:

Stereographic

grid_mapping_name = stereographic

Map parameters:

longitude_of_projection_origin

latitude_of_projection_origin

scale_factor_at_projection_origin

false_easting

false_northing

Map coordinates: The x (abscissa) and y (ordinate) rectangular coordinates are identified by the
standard_name attribute values projection_x_coordinate and projection_y_coordinate respectively.

Notes: Formulas for the mapping and its inverse along with notes on using the PROJ.4 software package for 
doing the calcuations may be found at http://www.remotesensing.org/geotiff/proj_list/stereographic.html.
See the section "Polar stereographic" for the special case when the projection origin is one of the poles.

Transverse Mercator

grid_mapping_name = transverse_mercator

Map parameters:

scale_factor_at_central_meridian

longitude_of_central_meridian

latitude_of_projection_origin

false_easting

false_northing

Map coordinates: The x (abscissa) and y (ordinate) rectangular coordinates are identified by the
standard_name attribute values projection_x_coordinate and projection_y_coordinate respectively.

Notes: Formulas for the mapping and its inverse along with notes on using the PROJ.4 software package for 
doing the calcuations may be found at
http://www.remotesensing.org/geotiff/proj_list/transverse_mercator.html
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Grid mapping attributes

Attribute Description

false_easting

The value added to all abscissa values in the 
rectangular coordinates for a map projection. This
value frequently is assigned to eliminate negative
numbers. Expressed in the unit of the coordinate
variable identified by the standard name
projection_x_coordinate.

false_northing

The value added to all ordinate values in the 
rectangular coordinates for a map projection. This
value frequently is assigned to eliminate negative
numbers. Expressed in the unit of the coordinate
variable identified by the standard name
projection_y_coordinate.

grid_mapping_name The name used to identify the grid mapping. 

grid_north_pole_latitude
True latitude (degrees_north) of the north pole of 
the rotated grid.

grid_north_pole_longitude
True longitude (degrees_east) of the north pole of 
the rotated grid.

latitude_of_projection_origin

The latitude chosen as the origin of rectangular 
coordinates for a map projection. Domain: -90.0
<= latitude_of_projection_origin <= 90.0

longitude_of_central_meridian

The line of longitude at the center of a map 
projection generally used as the basis for
constructing the projection. Domain: -180.0 <=
longitude_of_central_meridian < 180.0

longitude_of_projection_origin

The longitude chosen as the origin of rectangular 
coordinates for a map projection. Domain: -180.0
<= longitude_of_projection_origin < 180.0

north_pole_grid_longitude
Longitude (degrees) of the true north pole in the 
rotated grid.

scale_factor_at_central_meridian

A multiplier for reducing a distance obtained 
from a map by computation or scaling to the
actual distance along the central meridian.
Domain: scale_factor_at_central_meridian > 0.0

scale_factor_at_projection_origin

A multiplier for reducing a distance obtained 
from a map by computation or scaling to the
actual distance at the projection origin. Domain:
scale_factor_at_projection_origin > 0.0

standard_parallel

Line of constant latitude at which the surface of 
the Earth and plane or developable surface
intersect. This attribute may be vector valued if
two standard parallels are specified. Domain:
-90.0 <= standard_parallel <= 90.0

straight_vertical_longitude_from_pole

The longitude to be oriented straight up from the 
North or South Pole. Domain: -180.0 <=
straight_vertical_longitude_from_pole < 180.0
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14 June 2004:
1.  Add Lambert azimuthal equal area projection.
2.  Add latitude_of_projection_origin to parameters for polar stereographic projection.

1 July 2004:
1.  Add note that use of scalar coordinate variables inhibits interoperability with COARDS conforming
applications.
2.  Add positive attribute to the scalar coordinate p500 to make it unambiguous that the pressure is a
vertical coordinate value.

20 September 2004:
1.  In section 7.3 change several incorrect occurances of the cell method "standard deviation" to 
"standard_deviation".

22 October 2004:
1.  Add example using Lambert conformal projection to section 5.6.
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Proposed guidelines for constructing standard 
names of chemistry and biological parameters in
PRISM and CF

Change log:

Version 1.4 by Peter van Velthoven: various additions based on input by the ocean biogeochemists.

Previous versions:
Version 1.3 by Peter van Velthoven: modifications based on further discussions with Jonathan Gregory . 
Version 1.2, 25 May 2003, modifications based on comments by Jonathan Gregory
Version 1.1, 28 february 2002, first draft

1. Abbreviations for chemical species

Only the standard_names co2, so4 and o3 are currently defined in the CF standard name guidelines. All others 
need to be proposed to the CF group. For consistency with all the others co2, so4 and o3 should be made
obsolete (provide aliases for the few that use them). They should be replaced by carbon_dioxide, 
sulfate_aerosol and ozone.
For water vapor there is no standard_name h2o, but the standard_name specific_humidity (kg/kg) has been
defined in the hydrology table. Note that this is a mass_fraction or mass mixing ratio. Species quantities
should preferably be archived as volume mixing ratios (mole_fraction) with canonical unit dimensionless
(parts per volume). Aerosols are an exception; mass_concentration (with canonical unit kg m-3) seems more 
suitable for aerosols.

All standard names should be in English spelt the American way.

The atmospheric chemical species are all in one of the following categories:

1.1(simple) chemical species
1.2 lumped species (e.g. for CBMIV-chemistry)
1.3 families
1.4 aerosols

The oceanic chemical species are all in category 1.1.

1.1 Abbreviations for (simple) chemical species

The following standard_names will be used to identify species in standard names:

CF standard_name Species Chemical formula

carbon_dioxide 
alias:co2

Carbon dioxide * CO2

ozone 
alias: o3

Ozone **, *** O3

nitrogen_oxide Nitrogen oxide NO

hydrogen_peroxide Hydrogen peroxide H2O2

methane Methane CH4

carbon_monoxide Carbon monoxide CO

nitric_acid Nitric acid HNO3
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methyl_hydrogen_peroxide Methyl hydrogen peroxide CH3O2H

formaldehyde Formaldehyde CH2O

peroxy_acetyl_nitrate Peroxy acetyl nitrate (PAN) CH3C(O)O2NO2

sulfur_dioxide Sulfur dioxide SO2

dimethyl_sulfide Dimethyl sulfide (DMS) *** CH3SCH3

ammonia Ammonia NH3

ammonium Ammonium NH4

methane_sulfonic_acid Methane sulfonic acid (MSA) CH3SO2OH

hydroperoxy_radical Hydroperoxy radical HO2

methyl_peroxy_radical Methyl peroxy radical CH3O2

hydroxyl_radical Hydroxyl radical (hydroxy radical) OH

nitrogen_dioxide Nitrogen dioxide NO2

nitrate_radical Nitrate radical NO3

dinitrogen_pentoxide Dinitrogen pentoxide N2O5

_nitric_acid Nitric acid HNO3

peroxy_nitric_acid Peroxy nitric acid HNO4

peroxy_acetyl_radical Peroxy acetyl radical C2O3

oxygen_radical_in_1D_state Oxygen radical in the 1D (excited) state O(1-D)

ethane ethane C2H6

ethylene ethylene or ethene C2H4

acetylene acetylene C2H2

propane propane C3H8

propene propene C3H6

acetone acetone C3H6O

butane butane C4H10

methyl_glyoxal Methyl glyoxal CH3C(O)C(O)H

isoprene Isoprene, 2-methyl-1,3-butadiene C5H8

Additional ocean species:
phosphorus Phosphorus P

phosphate Phosphate PO4

organic_phosphate Organic phosphate PO4 with C? 

silicon Silicon Si

silicate Silicate SiO3

silicic_acid Silicate SiO3

iron Iron Fe

oxygen Oxygen (atomic) O

oxygen_18 Oxygen 18 18O

molecular_oxygen Molecular oxygen O2

nitrogen Nitrogen N

nitrate Nitrate NO3-?

carbon Carbon C

inorganic_carbon Inorganic carbon C

organic_carbon Organic carbon C
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carbonate Carbonate CO3-

carbon_13 Carbon 13 13C

carbon_14 Carbon 14 14C

hydrogen Hydrogen (atomic) H

calcite Calcite Ca? 

* already defined in CF

** for ozone mass_fraction_of_o3_in_air and mole_fraction_of_o3_in_air have already been defined. The 
first is a mass mixing ratio, the second a volume mixing ratio. The atmospheric chemists prefer
mass_fraction_of_ozone_in_air and mole_fraction_of_ozone_in_air as standard_names. See the list of
constructs below.

*** used both in the atmosphere and the ocean (O3, DMS)

1.2 Abbreviations for chemical species: lumped species

In some chemical schemes, such as CBM IV, chemical species are lumped, i.e. a certain reaction rate is
associated with a certain group of species showing similar chemical behaviour. In lumping, correctors may
need to be added to get the correct chemical behaviour. The following standard_names will be used for
lumped species:

CF standard name
Lumped species (from the 
modified CBMIV-chemistry in 
TM)

Chemical formula

paraffinic_carbon_bonds Paraffinic carbon bonds C-C

olefinic_carbon_bonds Olefinic carbon bonds  

aldehydes_higher_than_2

aldehydes with more than one C 
atom, Acetaldehyde (=ethanal) 
and higher aldehydes

RCH=O (excluding the 
case R equals H: CH2=O, 
formaldehyde)

organic_peroxides lumped higher organic peroxides ROOH

organic_nitrates
lumped alkyl nitrates, organic 
nitrates RNO3

secondary_organic_oxy_radical Secondary organic oxy radical ROR

alkyl_peroxy_radicals alkyl peroxy radicals XO2

intermediate_product_of_isoprene_oxidation
intermediate product of isoprene 
oxidation XO2N

Here R is CH3+C2H5+... and X is CH3N+C2H5N+.. If _higher_than_2_ is included in the name, CH3 resp. 
CH3N are not included in the sum of compounds.
Perhaps a prefix such as cb4_ should be used to identify the lumping scheme.

1.3 Abbreviations for families of species

The following standard_names refer to families of species: 

CF standard_name Family

nox NO and NO2

noy reactive nitrogen compounds (excludes n2o)

hox OH and HO2
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1.4 Abbreviations for aerosols

The following standard_names refer to aerosol species: 

CF standard_name Aerosol species Chemical 
formula

so4 should become an alias for
sulfate_aerosol

sulfate aerosol H2SO4

nitrate_aerosol nitrate aerosol HNO3

ammonium_sulfate_aerosol ammonium sulfate aerosol NH4SO4

sea_salt_aerosol sea salt aerosol NaCl

organic_aerosol_from_terpenes ? Secondary aeresol formed from terpenes ? (check 
with MPI)  

organic_carbon_aerosol organic carbon aerosol  

hydrophobic_organic_carbon_aerosol hydrophobic organic carbon aerosol  

hydrophylic_organic_carbon_aerosol hydrophylic organic carbon aerosol  

black_carbon_aerosol black carbon aerosol  

hydrophylic_black_carbon_aerosol hydrophylic black carbon aerosol  

hydrophobic_black_carbon_aerosol hydrophobic black carbon aerosol  

dust_aerosol dust aerosol  

2. Abbreviations for biological ocean species

CF standard_name Biological acronym

phytoplankton  

nanophytoplankton  

microzooplankton  

zooplankton  

mesozooplankton  

diatoms  

coccolithophorid cocco

sediment  

detritus POC, calcium, opal

chlorophyll Clf

3. Constructing new standard names

I propose the following guidelines for the construction of further standard_names of atmospheric chemistry
parameters: 

Construct Canonical unit
mole_fraction_of_.._in_air 1 (dimensionless, ppv)

as alias we may wish to define also

volume_mixing_ratio_of_.._in_air 1 (dimensionless, ppv)

mass_fraction_of_.._in_air 1 (dimensionless, kg/kg)

partial_pressure_of_.._in_air Pa
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mass_concentration_of_.._in_air kg m-3

number_concentration_of_.._in_air m-3 (molecules or particles per m3)

mole_concentration_of_.._in_air mole m-3 (moles per m3)

dry_deposition_flux_of_.. mole m-2s-1 *

wet_deposition_flux_of_.. mole m-2s-1*

surface_emission_of_.. mole m-2s-1 *

volume_emission_of_.._in_air mole m-3s-1 *

chemical_production_of_.._in_air_due_to_..** s-1 (ppv/hr)

chemical_loss_of_..in_air_due_to_..** s-1 (ppv/hr)

gross_chemical_production_of_.._in_air s-1 (ppv/hr)

chemical_loss_of_..in_air s-1 (ppv/hr)

net_chemical_production_of_.._in air s-1 (ppv/hr)

tendency_of_mole_fraction_of_.._in_air_due_to_*** s-1 (ppv/hr)

atmosphere_mole_content_of_.. ****
mole m-2 (or Dobson Units, 1 DU = 2.69 x 1e20 
molecules/m2)

* if fluxes would be expressed in kg/(m2s), one would have to know the atomic mass of the particular species
for conversion to mass. In practice not always the same number is used for this. E.g. for NOx the mass of N
and of NO2 are both sometimes used. Hence molecules/(m2s) or moles/(m2s) would seem preferable.

**reaction_of_.._with_.., photolysis, photolysis_of_..

*** advection, diffusion, convection, scavenging, evaporation, emission (the last is used for volume 
emissions such as from aircraft and lightning)

**** atmosphere_mole_content_of_.. has units mole m-2. Note that many other content variables have unit 
kg/m2 (as for so4, sulfate aerosol); see also *.

In order to describe size ranges of aerosols an extra dimension should be used.

In order to describe in-cloud processes the standard-names may need to be catenated with cloudy:
Construct

in_cloudy_air

In order to describe tracers originating from a certain atmospheric compartment use the following construct:

Standard name Example Variable

mole_fraction_of_compartment_.. mole_fraction_of_stratospheric_ozone
stratospheric ozone tracer, 
ozone from the stratosphere

Note that _in_air is now omitted.

The following are guidelines for the construction of further standard names of oceanic chemistry and
biological parameters:

Construct Canonical unit
mole_concentration_of_.._in_sea_water mole m-3

ocean_mole_content_of_.. mole m-2

surface_mole_concentration_of_.._in_sea_water mole m-3

mole_concentration_of_.._dissolved_in_sea_water mole m-3

mole_concentration_of_particulate_.._in_sea_water mole m-3
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mole_concentration_of_.._in_ocean_sediment_pores mole m-3

surface_mole_concentration_of_.._in_diatoms_in_sea_water 
surface_mole_concentration_of_.._in_coccolithorid_in_sea_water 
surface_mole_concentration_of_.._in_nanophytoplankton_in_sea_water

mole m-3

tendency_of_mole_concentration_of_.._in_sea_water_due_to.. mole m-3 s-1

4. Chemical variables/properties 

Standard name Meaning Canonical unit
alkalinity mu eq / L

acidity acidity, Ph  



1 of 12 03/02/2005 10:07 AM

CF standard name table
The CF standard name table specifies the possible values of the standard_name attribute defined by the CF NetCDF
standard. The table also exists in an XML version. The only valid CF standard names are those which appear in the
standard name table. It is expected that the table will expand by the addition of new entries, but existing entries will
always continue to be valid. If it becomes desirable to introduce a new name for a quantity which has already been named,
the old name will be defined as an alias of the new name. In this hypertext version of the table, aliases are shown
following the standard name to which they refer. The use of an alias for the standard_name attribute when writing new data 
is not recommended.

Names in the table have generally been constructed following some guidelines. However, new names, even if generated
according to the guidelines, must be explicitly added to the table before they may be regarded as valid; please send
requests and questions concerning standard names to the CF metadata mailing list.

In any particular project comparing data from different sources, it may be necessary or convenient for the participants to
adopt further restrictions on which standard names are to be used.

The standard name of a data variable implies nothing about the coordinate variables which are used to describe the
variation it can exhibit. Thus, for instance, air_temperature is the standard name for air temperature regardless of whether
it has a vertical coordinate of height, pressure, sigma or model level number.

Since 31 January 2003, standard names have not been removed from the table. If you were using standard names before
then, see the description of the changes made earlier and the correspondences between current standard names and those
originally proposed in January 2001.

Search the standard name table

Words to search for If several words specified, Search in

they are alternatives standard names

they must all be present help text

Show help text for matches both

Search

The search is not sensitive to case. (By convention, standard names are entirely in lower case, but the help text is in mixed
case.) The words entered are interpreted as perl regular expressions. That’s no different from matching text if they only
contain letters, digits and underscores (i.e. the characters which could match the help text or standard names). Other
characters have special interpretations in regular expressions.

Standard names arranged by category

Each of these categories includes a selection of standard names (matched by regular expressions). The categories may
overlap and do not necessarily between them cover all the standard names.

Atmosphere dynamics Carbon cycle Cloud Hydrology

Ocean dynamics Radiation Sea ice Surface

Correspondence between standard names and other parameter
tables

Other formats for data exchange have also defined parameter tables which fulfil a similar role to the standard name table.

ECMWF GRIB codes

NCEP GRIB codes
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PCMDI standard variable names

Standard names arranged alphabetically

In the GRIB column, E and N indicate entries from the ECMWF and NCEP private tables. The "?"s are links to specific
help for the individual standard names.

Canonical units GRIB PCMDI Standard name

kg m-3 ? air_density

K 13 theta ? air_potential_temperature

Pa 1 plev ? air_pressure

Pa 26 ? air_pressure_anomaly

Pa ? air_pressure_at_cloud_base

Pa ? air_pressure_at_cloud_top

Pa ? air_pressure_at_convective_cloud_base

Pa ? air_pressure_at_convective_cloud_top

Pa ? air_pressure_at_freezing_level

Pa 2 E151 psl ? air_pressure_at_sea_level

K 11 
E130 ta ? air_temperature

K 25 ? air_temperature_anomaly

K m-1 19 ? air_temperature_lapse_rate

m 8 ? altitude

1 psbg ? area_fraction_below_surface

s-1 41 ? atmosphere_absolute_vorticity

m zmla ? atmosphere_boundary_layer_thickness

kg m-2 76 clwvi ? atmosphere_cloud_condensed_water_content

kg m-2 58 clivi ? atmosphere_cloud_ice_content

kg m-2 ? atmosphere_cloud_liquid_water_content

kg m-2 trsult ? atmosphere_content_of_sulfate_aerosol

Pa tauugwd ? atmosphere_eastward_stress_due_to_gravity_wave_drag

J m-2 ? atmosphere_energy_content

m2 s-1 35 ? atmosphere_horizontal_streamfunction

m2 s-1 36 ? atmosphere_horizontal_velocity_potential

m ? atmosphere_hybrid_height_coordinate

1 ? atmosphere_hybrid_sigma_pressure_coordinate

J m-2 ? atmosphere_kinetic_energy_content

Pa tauvgwd ? atmosphere_northward_stress_due_to_gravity_wave_drag

s-1 43 
E138 ? atmosphere_relative_vorticity

1 ? atmosphere_sigma_coordinate

kg m-2 ? atmosphere_so4_content

J kg-1 ? atmosphere_specific_convective_available_potential_energy 
alias: specific_convective_available_potential_energy

1 ? atmosphere_surface_drag_coefficient

kg m-2 ? atmosphere_water_content

kg m-2 54 prw ? atmosphere_water_vapor_content

m s-1 ? baroclinic_eastward_sea_water_velocity

m s-1 ? baroclinic_northward_sea_water_velocity

m s-1 ? barotropic_eastward_sea_water_velocity
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m s-1 ? barotropic_northward_sea_water_velocity

m ? bedrock_altitude

m ? bedrock_altitude_change_due_to_isostatic_adjustment

K 118 ? brightness_temperature

s-1 ? brunt_vaisala_frequency_in_air

m ? canopy_height

kg m-2 ? canopy_water_amount

kg m-3 ? chlorophyll_concentration_in_sea_water

1 71 
E164

clt ? cloud_area_fraction

1 cl ? cloud_area_fraction_in_atmosphere_layer

m ? cloud_base_altitude

kg m-2 ? cloud_condensed_water_content_of_atmosphere_layer

kg m-2 ? cloud_ice_content_of_atmosphere_layer

kg m-2 ? cloud_liquid_water_content_of_atmosphere_layer

m ? cloud_top_altitude

1
72 
E185 ? convective_cloud_area_fraction

kg m-2 63 ? convective_precipitation_amount

kg m-2 s-1 prc ? convective_precipitation_flux

kg m-2 ? convective_rainfall_amount

kg m-2 s-1 ? convective_rainfall_flux

m s-1 ? convective_rainfall_rate

kg m-2 78 ? convective_snowfall_amount

kg m-2 s-1 ? convective_snowfall_flux

m ? depth

K 18 ? dew_point_depression

K 17 ? dew_point_temperature

1 ? dimensionless_exner_function

degree 93 ? direction_of_sea_ice_velocity

degree 47 ? direction_of_sea_water_velocity

degree 104 ? direction_of_swell_wave_velocity

degree 101 ? direction_of_wind_wave_velocity

W m-2 E145 ? dissipation_in_atmosphere_boundary_layer

s-1 98 ? divergence_of_sea_ice_velocity

s-1 44 
E155 ? divergence_of_wind

Pa 124 ? downward_eastward_momentum_flux_in_air

Pa ? downward_eastward_stress_at_sea_ice_base

W m-2 ? downward_heat_flux_in_air

W m-2 ? downward_heat_flux_in_sea_ice

W m-2 ? downward_heat_flux_in_soil

Pa 125 ? downward_northward_momentum_flux_in_air

Pa ? downward_northward_stress_at_sea_ice_base

W m-2 sr-1 ? downwelling_longwave_radiance_in_air

mol m-2 s-1 ? downwelling_photon_flux_in_sea_water

mol m-2 s-1 sr-1 ? downwelling_photon_radiance_in_sea_water

mol m-2 s-1 ? downwelling_photon_spherical_irradiance_in_sea_water

mol m-2 s-1 ? downwelling_photosynthetic_photon_flux_in_sea_water

mol m-2 s-1 sr-1 ? downwelling_photosynthetic_photon_radiance_in_sea_water

mol m-2 s-1 ? downwelling_photosynthetic_photon_spherical_irradiance_in_sea_water



4 of 12 03/02/2005 10:07 AM

W m-2 sr-1 ? downwelling_photosynthetic_radiance_in_sea_water

W m-2 ? downwelling_photosynthetic_radiative_flux_in_sea_water

W m-2 ? downwelling_photosynthetic_spherical_irradiance_in_sea_water

W m-2 sr-1 ? downwelling_radiance_in_sea_water

W m-2 ? downwelling_radiative_flux_in_sea_water

W m-2 sr-1 ? downwelling_shortwave_radiance_in_air

mol m-2 s-1 m-1 ? downwelling_spectral_photon_flux_in_sea_water

mol m-2 s-1 m-1 
sr-1 ? downwelling_spectral_photon_radiance_in_sea_water

mol m-2 s-1 m-1 ? downwelling_spectral_photon_spherical_irradiance_in_sea_water

W m-2 m-1 sr-1 ? downwelling_spectral_radiance_in_air

W m-2 m-1 sr-1 ? downwelling_spectral_radiance_in_sea_water

W m-2 m-1 ? downwelling_spectral_radiative_flux_in_air

W m-2 m-1 ? downwelling_spectral_radiative_flux_in_sea_water

W m-2 m-1 ? downwelling_spectral_spherical_irradiance_in_sea_water

W m-2 ? downwelling_spherical_irradiance_in_sea_water

Pa tauucorr ? eastward_momentum_flux_correction

m s-1 95 ? eastward_sea_ice_velocity

m s-1 49 ? eastward_sea_water_velocity

m s-1 33 
E131

ua ? eastward_wind

s-1 45 ? eastward_wind_shear

m ? equilibrium_line_altitude

K ? equivalent_potential_temperature

K ? equivalent_temperature

m 10 ? equivalent_thickness_at_stp_of_atmosphere_o3_content

K m2 kg-1 s-1 vorpot ? ertel_potential_vorticity

s ? forecast_period

s ? forecast_reference_time

m ? freezing_level_altitude

K ? freezing_temperature_of_sea_water

kg m-2 ? frozen_water_content_of_soil_layer

m2 s-2 6 E129 ? geopotential

m 7 E156 zg ? geopotential_height

m 27 ? geopotential_height_anomaly

m ? global_average_sea_level_change

m ? global_average_thermosteric_sea_level_change

degree ? grid_latitude

degree ? grid_longitude

kg m-2 s-1 ? gross_primary_productivity_of_carbon

W m-2 hfcorr ? heat_flux_correction

m zh ? height

m ? height_at_cloud_top

1 53 ? humidity_mixing_ratio

1 clisccp ? isccp_cloud_area_fraction

W m-2 sr-1 ?
isotropic_longwave_radiance_in_air 
alias: longwave_radiance

W m-2 sr-1 ? isotropic_shortwave_radiance_in_air 
alias: shortwave_radiance

W m-2 m-1 sr-1 ? isotropic_spectral_radiance_in_air 
alias: spectral_radiance
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Pa s-1 39 
E135 wap ?

lagrangian_tendency_of_air_pressure 
alias: omega 
alias: vertical_air_velocity_expressed_as_tendency_of_pressure

s-1 38 ?
lagrangian_tendency_of_atmosphere_sigma_coordinate 
alias: upward_air_velocity_expressed_as_tendency_of_sigma 
alias: vertical_air_velocity_expressed_as_tendency_of_sigma

1 81 sftlf ? land_area_fraction

1 E172 ? land_binary_mask

1 sftgif ? land_ice_area_fraction

m s-1 ? land_ice_basal_melt_rate

m s-1 ? land_ice_basal_x_velocity

m s-1 ? land_ice_basal_y_velocity

m s-1 ? land_ice_calving_rate

m s-1 ? land_ice_lwe_basal_melt_rate

m s-1 ? land_ice_lwe_calving_rate

m s-1 ? land_ice_lwe_surface_specific_mass_balance

1 ? land_ice_sigma_coordinate

m s-1 ? land_ice_surface_specific_mass_balance

K ? land_ice_temperature

m ? land_ice_thickness

m s-1 ? land_ice_vertical_mean_x_velocity

m s-1 ? land_ice_vertical_mean_y_velocity

m s-1 ? land_ice_x_velocity

m s-1 ? land_ice_y_velocity

1 ? large_scale_cloud_area_fraction

kg m-2 62 ? large_scale_precipitation_amount

kg m-2 ? large_scale_precipitation_flux

kg m-2 ? large_scale_rainfall_amount

kg m-2 s-1 ? large_scale_rainfall_flux

m s-1 ? large_scale_rainfall_rate

kg m-2 79 ? large_scale_snowfall_amount

kg m-2 s-1 ? large_scale_snowfall_flux

degree_north latitude ? latitude

1 ? leaf_area_index

kg m-2 s-1 ? litter_carbon_flux

degree_east longitude ? longitude

m s-1 ? lwe_convective_precipitation_rate

m s-1 ? lwe_convective_snowfall_rate

m s-1 ? lwe_large_scale_precipitation_rate

m s-1 ? lwe_large_scale_snowfall_rate

m s-1 ? lwe_precipitation_rate

m s-1 ? lwe_snowfall_rate

m E137 ? lwe_thickness_of_atmosphere_water_vapor_content

m ? lwe_thickness_of_canopy_water_amount

m E143 ? lwe_thickness_of_convective_precipitation_amount

m ? lwe_thickness_of_convective_snowfall_amount

m E142 ? lwe_thickness_of_large_scale_precipitation_amount

m ? lwe_thickness_of_large_scale_snowfall_amount

m ? lwe_thickness_of_moisture_content_of_soil_layer

m ? lwe_thickness_of_precipitation_amount

m E144 ? lwe_thickness_of_snowfall_amount
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m E140 ? lwe_thickness_of_soil_moisture_content

m E141 ? lwe_thickness_of_surface_snow_amount

m E182 ? lwe_thickness_of_water_evaporation_amount

m s-1 ? lwe_water_evaporation_rate

kg m-3 trsul ? mass_concentration_of_sulfate_aerosol_in_air

1 cli ? mass_fraction_of_cloud_ice_in_air

1 clw ? mass_fraction_of_cloud_liquid_water_in_air

1 ? mass_fraction_of_convective_condensed_water_in_air

1 ? mass_fraction_of_frozen_water_in_soil_moisture

1 ? mass_fraction_of_o3_in_air

1 ? mass_fraction_of_unfrozen_water_in_soil_moisture

1 ? mass_fraction_of_water_in_air

1 lev ? model_level_number

kg m-2 mrsos ? moisture_content_of_soil_layer

kg m-2 mrsofcs ? moisture_content_of_soil_layer_at_field_capacity

1 tro3 ? mole_fraction_of_o3_in_air

W m-2 ? net_downward_longwave_flux_in_air

W m-2 ? net_downward_longwave_flux_in_air_assuming_clear_sky

W m-2 rtmt ? net_downward_radiative_flux_at_top_of_atmosphere_model

W m-2 ? net_downward_shortwave_flux_in_air

W m-2 rsntpcs ? net_downward_shortwave_flux_in_air_assuming_clear_sky

kg m-2 s-1 ? net_primary_productivity_of_carbon

W m-2 115 ? net_upward_longwave_flux_in_air

W m-2 rlntpcs ? net_upward_longwave_flux_in_air_assuming_clear_sky

W m-2 116 ? net_upward_shortwave_flux_in_air

W m-2 ? net_upward_shortwave_flux_in_air_assuming_clear_sky

W ? northward_atmosphere_heat_transport

Pa tauvcorr ? northward_momentum_flux_correction

kg s-1 ? northward_ocean_freshwater_transport

kg s-1 ? northward_ocean_freshwater_transport_due_to_bolus_advection

kg s-1 ? northward_ocean_freshwater_transport_due_to_diffusion

kg s-1 ? northward_ocean_freshwater_transport_due_to_gyre

kg s-1 ? northward_ocean_freshwater_transport_due_to_overturning

W ? northward_ocean_heat_transport

W ? northward_ocean_heat_transport_due_to_bolus_advection

W htovdiff ? northward_ocean_heat_transport_due_to_diffusion

W htovgyre ? northward_ocean_heat_transport_due_to_gyre

W htovovrt ? northward_ocean_heat_transport_due_to_overturning

kg s-1 ? northward_ocean_salt_transport

kg s-1 ? northward_ocean_salt_transport_due_to_bolus_advection

kg s-1 sltovdiff ? northward_ocean_salt_transport_due_to_diffusion

kg s-1 sltovgyre ? northward_ocean_salt_transport_due_to_gyre

kg s-1 sltovovrt ? northward_ocean_salt_transport_due_to_overturning

m s-1 96 ? northward_sea_ice_velocity

m s-1 50 ? northward_sea_water_velocity

m s-1
34 
E132 va ? northward_wind

s-1 46 ? northward_wind_shear

m3 s-1 stfbaro ? ocean_barotropic_streamfunction

m2 s-1 ? ocean_isopycnal_layer_thickness_diffusivity
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m3 s-1 stfmmcgo ? ocean_meridional_overturning_streamfunction

m 67 ? ocean_mixed_layer_thickness

1 ? ocean_s_coordinate

1 ? ocean_sigma_coordinate

1 ? planetary_albedo

kg m-2 s-1 ? plant_respiration_carbon_flux

Pa-1 s-1 ? potential_vorticity_of_atmosphere_layer

m-1 s-1 ? potential_vorticity_of_ocean_layer

kg m-2 61 ? precipitation_amount

kg m-2 s-1 59 pr ? precipitation_flux

kg m-2 s-1 prveg ? precipitation_flux_onto_canopy_where_land

K m s-1 ? product_of_eastward_wind_and_air_temperature

m2 s-1 mpuzga ? product_of_eastward_wind_and_geopotential_height

m2 s-2 mpuva ? product_of_eastward_wind_and_northward_wind

Pa m s-2 ? product_of_eastward_wind_and_omega

m s-1 ? product_of_eastward_wind_and_specific_humidity

K m s-1 mpvta ? product_of_northward_wind_and_air_temperature

m2 s-1 mpvzga ? product_of_northward_wind_and_geopotential_height

Pa m s-2 ? product_of_northward_wind_and_omega

m s-1 mpvhusa ? product_of_northward_wind_and_specific_humidity

K Pa s-1 mpwapta ? product_of_omega_and_air_temperature

Pa s-1 mpwhusa ? product_of_omega_and_specific_humidity

m ? projection_x_coordinate

m ? projection_y_coordinate

K 14 ? pseudo_equivalent_potential_temperature

K ? pseudo_equivalent_temperature

m s-1 ? radial_velocity_of_scatterers_away_from_instrument

m ? radiation_wavelength 
alias: electromagnetic_wavelength

kg m-2 ? rainfall_amount

kg m-2 s-1 ? rainfall_flux

m s-1 ? rainfall_rate

string ? region

1
52 
E157 hur ? relative_humidity

m ? root_depth

kg m-2 s-1 mrro ? runoff_flux

1 ? sea_area_fraction

m zobt ?
sea_floor_depth_below_geoid 
alias: sea_floor_depth

m ? sea_floor_depth_below_sea_level

kg m-2 ? sea_ice_amount

m2 ? sea_ice_area

1 91 sic ? sea_ice_area_fraction

m ? sea_ice_draft

m2 ? sea_ice_extent

m ? sea_ice_freeboard

kg ? sea_ice_mass

m s-1 94 ? sea_ice_speed

m 92 sit ? sea_ice_thickness

m3 ? sea_ice_volume
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m ?
sea_surface_height_above_geoid 
alias: sea_surface_elevation 
alias: sea_surface_elevation_anomaly

m 82 ? sea_surface_height_above_sea_level 
alias: sea_surface_height

1e-3 ? sea_surface_salinity

K ? sea_surface_temperature

kg m-3 ? sea_water_density

S m-1 ? sea_water_electrical_conductivity

kg m-3 ? sea_water_potential_density

K ? sea_water_potential_temperature

1e-3 88 so ? sea_water_salinity

kg m-3 ? sea_water_sigma_t

kg m-3 ? sea_water_sigma_theta

m s-1 48 ? sea_water_speed

K 80 to ? sea_water_temperature

m s-1 ?
sea_water_x_velocity 
alias: x_sea_water_velocity

m s-1 ? sea_water_y_velocity 
alias: y_sea_water_velocity

m 105 ? significant_height_of_swell_waves

m 100 ? significant_height_of_wind_and_swell_waves

m 102 ? significant_height_of_wind_waves

m ? snow_grain_size

kg m-2 ? snow_soot_content

K ? snow_temperature

kg m-2 ? snowfall_amount

kg m-2 s-1 64 prsn ? snowfall_flux

1 ? soil_albedo

kg m-2 ? soil_carbon_content

kg m-2 mrfso ? soil_frozen_water_content

kg m-2 86 mrso ? soil_moisture_content

kg m-2 mrsofc ? soil_moisture_content_at_field_capacity

K 85 ? soil_temperature

J kg-1 ? specific_gravitational_potential_energy 
alias: specific_potential_energy

1 51 
E133 hus ? specific_humidity

K2 mptta ? square_of_air_temperature

s-2 N138 ? square_of_brunt_vaisala_frequency_in_air

m2 s-2 mpuua ? square_of_eastward_wind

m2 s-2 mpvva ? square_of_northward_wind

kg m-2 ? subsurface_runoff_amount

kg m-2 s-1 ? subsurface_runoff_flux

Pa E134 ps ? surface_air_pressure

1 84 
E174

? surface_albedo

1 ? surface_albedo_assuming_deep_snow

1 ? surface_albedo_assuming_no_snow

m orog ? surface_altitude

Pa E180 tauu ? surface_downward_eastward_stress

W m-2 hfns ? surface_downward_heat_flux_in_air



9 of 12 03/02/2005 10:07 AM

W m-2 ? surface_downward_latent_heat_flux

Pa E181 tauv ? surface_downward_northward_stress

W m-2 ? surface_downward_sensible_heat_flux

kg m-2 s-1 ? surface_downward_water_flux

W m-2 rlds ? surface_downwelling_longwave_flux_in_air 
alias: surface_downwelling_longwave_flux

W m-2 rldscs ? surface_downwelling_longwave_flux_in_air_assuming_clear_sky 
alias: surface_downwelling_longwave_flux_assuming_clear_sky

mol m-2 s-1 ? surface_downwelling_photon_flux_in_sea_water

mol m-2 s-1 sr-1 ? surface_downwelling_photon_radiance_in_sea_water

mol m-2 s-1 ? surface_downwelling_photon_spherical_irradiance_in_sea_water

mol m-2 s-1 ? surface_downwelling_photosynthetic_photon_flux_in_sea_water

mol m-2 s-1 sr-1 ? surface_downwelling_photosynthetic_photon_radiance_in_sea_water

mol m-2 s-1 ? surface_downwelling_photosynthetic_photon_spherical_irradiance_in_sea_water

W m-2 sr-1 ? surface_downwelling_photosynthetic_radiance_in_sea_water

W m-2 ? surface_downwelling_photosynthetic_radiative_flux_in_sea_water

W m-2 ? surface_downwelling_photosynthetic_spherical_irradiance_in_sea_water

W m-2 sr-1 ? surface_downwelling_radiance_in_sea_water

W m-2 ? surface_downwelling_radiative_flux_in_sea_water

W m-2 117 rsds ? surface_downwelling_shortwave_flux_in_air  
alias: surface_downwelling_shortwave_flux

W m-2 rsdscs ? surface_downwelling_shortwave_flux_in_air_assuming_clear_sky 
alias: surface_downwelling_shortwave_flux_assuming_clear_sky

mol m-2 s-1 m-1 ? surface_downwelling_spectral_photon_flux_in_sea_water

mol m-2 s-1 m-1 
sr-1 ? surface_downwelling_spectral_photon_radiance_in_sea_water

mol m-2 s-1 m-1 ? surface_downwelling_spectral_photon_spherical_irradiance_in_sea_water

W m-2 m-1 sr-1 ? surface_downwelling_spectral_radiance_in_sea_water

W m-2 m-1 ? surface_downwelling_spectral_radiative_flux_in_air

W m-2 m-1 ? surface_downwelling_spectral_radiative_flux_in_sea_water

W m-2 m-1 ? surface_downwelling_spectral_spherical_irradiance_in_sea_water

W m-2 ? surface_downwelling_spherical_irradiance_in_sea_water

W m-2 rls ? surface_net_downward_longwave_flux

W m-2 rss ? surface_net_downward_shortwave_flux

W m-2 112 
E177 ? surface_net_upward_longwave_flux

W m-2 111 
E176 ? surface_net_upward_shortwave_flux

m 83 
E173

? surface_roughness_length

kg m-2 90 ? surface_runoff_amount

kg m-2 s-1 mrros ? surface_runoff_flux

kg m-2 65 snw ? surface_snow_amount

1 snc ? surface_snow_area_fraction

kg m-2 99 ? surface_snow_melt_amount

kg m-2 s-1 snm ? surface_snow_melt_flux

W m-2 ? surface_snow_melt_heat_flux

m 66 snd ? surface_snow_thickness

m ? surface_snow_thickness_where_sea_ice

K E139 ts ? surface_temperature

K ? surface_temperature_anomaly

W m-2 ? surface_upward_heat_flux_in_air
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W m-2 121 
E147 hfls ? surface_upward_latent_heat_flux

W m-2 122 
E146

hfss ? surface_upward_sensible_heat_flux

kg m-2 s-1 ? surface_upward_water_flux

W m-2 rlus ?
surface_upwelling_longwave_flux_in_air 
alias: surface_upwelling_longwave_flux

W m-2 ? surface_upwelling_longwave_flux_in_air_assuming_clear_sky 
alias: surface_upwelling_longwave_flux_assuming_clear_sky

W m-2 rsus ? surface_upwelling_shortwave_flux_in_air 
alias: surface_upwelling_shortwave_flux

W m-2 rsuscs ?
surface_upwelling_shortwave_flux_in_air_assuming_clear_sky 
alias: surface_upwelling_shortwave_flux_assuming_clear_sky

W m-2 m-1 ? surface_upwelling_spectral_radiative_flux_in_air

W m-2 m-1 ? surface_upwelling_spectral_radiative_flux_in_sea_water

s 106 ? swell_wave_period

Pa s-1 3 ? tendency_of_air_pressure

K s-1 tnt ? tendency_of_air_temperature_due_to_diabatic_processes

K s-1 tntdc ? tendency_of_air_temperature_due_to_dry_convection

K s-1 tntlsp ? tendency_of_air_temperature_due_to_large_scale_precipitation

K s-1 tntlw ? tendency_of_air_temperature_due_to_longwave_heating

K s-1 ? tendency_of_air_temperature_due_to_longwave_heating_assuming_clear_sky

K s-1 tntmc ? tendency_of_air_temperature_due_to_moist_convection

K s-1 tntsw ? tendency_of_air_temperature_due_to_shortwave_heating

K s-1 ? tendency_of_air_temperature_due_to_shortwave_heating_assuming_clear_sky

m s-1 ? tendency_of_bedrock_altitude

m s-2 tnmmutot ? tendency_of_eastward_wind

m s-2 tnmmuc ? tendency_of_eastward_wind_due_to_convection

m s-2 tnmmugwd ? tendency_of_eastward_wind_due_to_gravity_wave_drag

m s-1 ? tendency_of_land_ice_thickness

m s-2 tnmmvtot ? tendency_of_northward_wind

m s-2 tnmmvc ? tendency_of_northward_wind_due_to_convection

m s-2 tnmmvgwd ? tendency_of_northward_wind_due_to_gravity_wave_drag

m3 s-2 ? tendency_of_ocean_barotropic_streamfunction

m s-1 97 ? tendency_of_sea_ice_thickness_due_to_thermodynamics

s-1 tnmrc ? tendency_of_specific_humidity_due_to_convection

s-1 tnmrd ? tendency_of_specific_humidity_due_to_model_physics

Pa s-1 E158 ? tendency_of_surface_air_pressure

m s-2 ? tendency_of_wind_speed_due_to_convection

m s-2 ? tendency_of_wind_speed_due_to_gravity_wave_drag

m ? thickness_of_convective_rainfall_amount

m ? thickness_of_convective_snowfall_amount

m ? thickness_of_large_scale_rainfall_amount

m ? thickness_of_large_scale_snowfall_amount

m ? thickness_of_rainfall_amount

m ? thickness_of_snowfall_amount

1 60 ? thunderstorm_probability

s time ? time

W m-2 ? toa_adjusted_longwave_forcing

W m-2 ? toa_adjusted_radiative_forcing

W m-2 ? toa_adjusted_shortwave_forcing
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W m-2 rsdt ? toa_incoming_shortwave_flux

W m-2 ? toa_instantaneous_longwave_forcing

W m-2 ? toa_instantaneous_radiative_forcing

W m-2 ? toa_instantaneous_shortwave_forcing

W m-2 ? toa_net_downward_radiative_flux

W m-2 rst ? toa_net_downward_shortwave_flux

W m-2 ? toa_net_upward_longwave_flux

W m-2 ? toa_net_upward_longwave_flux_assuming_clear_sky

W m-2 113 
E178

? toa_net_upward_shortwave_flux

W m-2 114 
E179 rlut ? toa_outgoing_longwave_flux

W m-2 rlutcs ? toa_outgoing_longwave_flux_assuming_clear_sky

W m-2 rsut ? toa_outgoing_shortwave_flux

W m-2 rsutcs ? toa_outgoing_shortwave_flux_assuming_clear_sky

kg m-2 ? transpiration_amount

kg m-2 s-1 ? transpiration_flux

W m-2 ? tropopause_adjusted_longwave_forcing

W m-2 ? tropopause_adjusted_radiative_forcing

W m-2 ? tropopause_adjusted_shortwave_forcing

Pa ? tropopause_air_pressure

K ? tropopause_air_temperature

m ? tropopause_altitude

W m-2 ? tropopause_downwelling_longwave_flux

W m-2 ? tropopause_instantaneous_longwave_forcing

W m-2 ? tropopause_instantaneous_radiative_forcing

W m-2 ? tropopause_instantaneous_shortwave_forcing

W m-2 ? tropopause_net_downward_longwave_flux

W m-2 ? tropopause_net_downward_shortwave_flux

W m-2 ? tropopause_upwelling_shortwave_flux

m s-1 40 ? upward_air_velocity

Pa ? upward_eastward_stress_at_sea_ice_base

W m-2 ? upward_heat_flux_in_air

Pa ? upward_northward_stress_at_sea_ice_base

W m-2 ? upward_sea_ice_basal_heat_flux

m s-1 ? upward_sea_water_velocity

kg m-2 s-1 ? upward_water_vapor_flux_in_air

W m-2 sr-1 ? upwelling_longwave_radiance_in_air

W m-2 sr-1 ? upwelling_shortwave_radiance_in_air

W m-2 m-1 sr-1 ? upwelling_spectral_radiance_in_air

W m-2 m-1 ? upwelling_spectral_radiative_flux_in_air

W m-2 m-1 ? upwelling_spectral_radiative_flux_in_sea_water

1 87 ? vegetation_area_fraction

kg m-2 ? vegetation_carbon_content

K 12 ? virtual_temperature

m 20 ? visibility_in_air

kg m-2 ? water_content_of_atmosphere_layer

kg m-2 57 ? water_evaporation_amount

kg m-2 s-1 evspsbl ? water_evaporation_flux

kg m-2 s-1 evspsblveg ? water_evaporation_flux_from_canopy_where_land

kg m-2 s-1 ? water_flux_correction
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kg m-2 s-1 wfo ? water_flux_into_ocean

kg m-2 s-1 ? water_flux_into_ocean_from_rivers

kg m-2 ? water_vapor_content_of_atmosphere_layer

Pa 55 ? water_vapor_pressure

Pa 56 ? water_vapor_saturation_deficit

K ? wet_bulb_temperature

degree 31 ? wind_from_direction

W m-2 126 ? wind_mixing_energy_flux_into_ocean

m s-1 32 ? wind_speed

s-1 N136 ? wind_speed_shear

degree ? wind_to_direction

s 103 ? wind_wave_period

m s-1 ? x_wind  
alias: grid_eastward_wind

m s-1 ?
y_wind  
alias: grid_northward_wind

degree ? zenith_angle

The table contains 500 entries and was created on 2004-Nov-16 at 12:01:41 MST .
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Guidelines for construction of CF standard names
Most of the CF standard names in the standard name table have been constructed following the 
guidelines described here, which have themselves drawn on the ECMWF and NCEP GRIB tables, 
the PCMDI standard variable names, and the NASA Global Change Master Directory. The 
guidelines may help to interpret the names and to suggest how new names could be derived. Please
send requests and questions concerning standard names to the CF metadata mailing list.

Characters

Standard names consist of lower-letters, digits and underscores, and begin with a letter. Upper case
is not used.

Qualifications

Standard names may be qualified by the addition of phrases in certain standard forms and order.
These qualifications do not change the units of the quantity. All of the following phrases in [] are
optional. The words in typewriter type appear explicitly as stated, while the words in italic indicate 
other words or phrases to be substituted. The new standard name is constructed by joining the base
standard name to the qualifiers using underscores.

[surface] [component] standard_name [at surface] [in medium] [due to process] [where type]
[assuming condition]

Surface

A surface is defined as a function of horizontal position. Surfaces which are defined using a
coordinate value (e.g. height of 1.5 m) are indicated by a single-valued coordinate variable, not by
the standard name. In the standard name, some surfaces are named by single words which are placed
at the start: toa (top of atmosphere), tropopause, surface. Other surfaces are named by multi-word
phrases put after at: at_adiabatic_condensation_level, at_cloud_top, at_convective_cloud_top,
at_cloud_base, at_convective_cloud_base, at_freezing_level, at_maximum_wind_speed_level, 
at_sea_floor, at_sea_ice_base, at_sea_level, at_top_of_atmosphere_model The surface called
"surface" means the lower boundary of the atmosphere; over sea areas this is taken to be mean sea
level. sea_level means mean sea level, which is close to the geoid in sea areas. cloud_base refers to 
the base of the lowest cloud. cloud_top refers to the top of the highest cloud. Fluxes at the
top_of_atmosphere_model differ from TOA fluxes only if the model TOA fluxes make some
allowance for the atmosphere above the top of the model; if not, it is usual to give standard names
with toa to the fluxes at the top of the model atmosphere.

Component

The direction of the spatial component of a vector is indicated by one of the words upward, downward, 
northward, southward, eastward, westward, x, y. The last two indicate directions along the horizontal
grid being used when they are not true longitude and latitude (if there is a rotated pole, for instance).

If the standard name indicates a tensor quantity, two of these direction words may be included,
applying to two of the spatial dimensions Z Y X, in that order. If only one component is indicated
for a tensor, it means the flux in the indicated direction of the magnitude of the vector quantity in the
plane of the other two spatial dimensions.

The names of vertical components of radiative fluxes are prefixed with net_, thus: net_downward and 
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net_upward. This treatment is not applied for any kinds of flux other than radiative. Radiative fluxes
from above and below are often measured and calculated separately, the "net" being the difference.
Within the atmosphere, radiation from below (not net) is indicated by a prefix of upwelling, and 
from above with downwelling. For the top of the atmosphere, the prefixes incoming and outgoing are 
used instead.

Medium

A medium indicates the local medium or layer within which an intensive quantity applies: in_air, 
in_atmosphere_boundary_layer, in_mesosphere, in_sea_ice, in_sea_water, in_soil, in_soil_water, 
in_stratosphere, in_thermosphere, in_troposphere.

Process

The specification of a physical process by the phrase due_to_process means that the quantity named 
is a single term in a sum of terms which together compose the general quantity named by omitting
the phrase. Possibilites are: due_to_convection, due_to_diabatic_processes, due_to_diffusion, 
due_to_dry_convection, due_to_gravity_wave_drag, due_to_gyre, due_to_isostatic_adjustment, 
due_to_large_scale_precipitation, due_to_longwave_heating, due_to_moist_convection, 
due_to_overturning, due_to_shortwave_heating, due_to_thermodynamics (referring to sea ice 
freezing and melting).

Type

Unless indicated, a quantity is assumed to apply to the whole area of each horizontal grid box. The
qualifier where_type specifies instead that the quantity applies only to the part of the grid box of the
named type. The types are where_cloud, where_land, where_open_sea (i.e. sea free of sea ice, or
leads), where_sea (i.e. not land), where_sea_ice, where_vegetation.

Condition

A phrase assuming_condition indicates that the named quantity is the value which would obtain if all
aspects of the system were unaltered except for the assumption of the circumstances specified by the
condition. Possibilities are assuming_clear_sky, assuming_deep_snow, assuming_no_snow.

Transformations

Standard names may be derived from other standard names (represented here by X, Y and Z) by the
following rules. Successive transformations may be applied. Transformations may alter the units as
shown.

Rule Units Meaning

[horizontal_]convergence_of_X [X] m-1

[horizontal] convergence of a vector X 
(i.e. the divergence multiplied by -1); if
X does not have a vertical component
then "horizontal" should be omitted.

correlation_of_X_and_Y[_over_Z] 1

correlation coefficient for variations
(over Z e.g. time, longitude) of X and 
Y. X and Y are ordered alphabetically.

covariance_of_X_and_Y[_over_Z] [X]*[Y]
covariance for variations (over Z e.g.
time, longitude) of X and Y. X and Y
are ordered alphabetically.
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component_derivative_of_X [X] m-1

derivative of X with respect to distance 
in the component direction, which may 
be northward, southward, eastward, 
westward, x or y. The last two indicate
derivatives along the axes of the grid, in
the case where they are not true 
longitude and latitude.

derivative_of_X_wrt_Y [X]/[Y] dX/dY.

direction_of_X degree direction of a vector, a bearing.

[horizontal_]divergence_of_X [X] m-1
[horizontal] divergence of a vector X; if 
X does not have a vertical component
then "horizontal" should be omitted.

histogram_of_X[_over_Z] 1

histogram (i.e. number of counts for
each range of X) of variations (over Z) 
of X. The data variable should have an
axis for X.

natural_logarithm_of_X 1
natural logarithm of X. X must be 
dimensionless.

magnitude_of_X [X] magnitude of a vector X.

probability_distribution_of_X[_over_Z] 1

probability distribution (i.e. a number in
the range 0.0-1.0 for each range of X)
of variations (over Z) of X. The data
variable should have an axis for X.

probability_density_function_of_X[_over_Z] 1/[X] PDF for variations (over Z) of X. The
data variable should have an axis for X.

product_of_X_and_Y [X]*[Y]

X*Y. If X and Y are both scalars or 
both components of vectors, they are
put in alphabetical order. If one of them
is the component of a vector, it is put 
first i.e. the vector component is X, the
scalar is Y.

ratio_of_X_to_Y [X]/[Y] X/Y.

square_of_X [X]*[X] X*X.

tendency_of_X [X] s-1 derivative of X with respect to time.

Special phrases

Some words and phrases have meanings which should be noted.

Phrase Meaning

anomaly difference from climatology

area horizontal area unless otherwise stated

atmosphere used instead of in_air for quantities which are large-scale rather than local

condensed_water liquid and ice

frozen_water ice

longwave longwave radiation

lwe liquid water equivalent

moisture water in all phases contained in soil



4 of 5 03/02/2005 10:07 AM

ocean
used instead of in_sea_water for quantities which are large-scale rather than
local

shortwave shortwave radiation

specific per unit mass unless otherwise stated

stp standard temperature (0 degC) and pressure (101325 Pa)

toa top of atmosphere

unfrozen_water liquid and vapour

water water in all phases if not otherwise qualified

wrt with respect to

Chemical species

The following abbreviations are used to identify chemical species in standard names.

Abbreviation Species

co2 carbon dioxide

o3 ozone

so4 sulphate

Generic names

The following names are used with consistent meanings and units as elements in other standard
names, although they are themselves too general to be chosen as standard names. They are recorded
here for reference only. These are not standard names.

Units Generic name

kg m-2 amount
m2 area

1 area_fraction
1 binary_mask

1 data_mask
kg m-3 density

J energy
J m-2 energy_content

J m-3 energy_density
s-1 frequency

s-1 frequency_of_occurrence
W m-2 heat_flux

W heat_transport
m2 s-1 horizontal_streamfunction

m2 s-1 horizontal_velocity_potential
kg mass

kg m-2 s-1 mass_flux
1 mass_fraction
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1 mass_mixing_ratio
kg s-1 mass_transport

1 mole_fraction
Pa momentum_flux

Pa partial_pressure
s period

W power
Pa pressure

1 probability
W m-2 radiative_flux

m2 s-2 specific_eddy_kinetic_energy
m s-1 speed

Pa stress
K temperature

m thickness
m s-1 velocity

m3 volume
m s-1 volume_flux

1 volume_fraction
m3 s-1 volume_transport

s-1 vorticity


