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NCO is a suite of pro-
grams known as op-
erators created by
Charlie Zender. Each
operator is a stand-
alone, command line
program that is exe-
cuted at the UNIX
shell-level. The op-

erators take netCDF
file(s) as input, per-
form an operation (e.
g. averaging), and
produce a netCDF file

and concatenating are
similar terms and are of-
ten confused with re-
spect to NCO which treat
them very differently.
Appending or merging is
the adding of variables
from one file to another.
For example, one file
contains the variables T,
U, V and another file
contains the variables
MAG and DIR which
were derived from U and
V, so that they exist for
the same points in both
time and space. Ap-
pending would result in
the combination of these
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as output. The opera-
tors are primarily de-
signed to aid manipula-
tion and analysis of
data. NCL or Fortran
could be used to ac-
complish much of the
same processing, but
the NCO operators
have been designed to
perform specific func-
tions in an efficient
manner with simple in-
terfaces. Although the
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o files into a new file

that contains all 5 vari-
ables. One should use
the ncks operator to
append variables.
Concatenation on the
other hand occurs when
NCO combines vari-
ables along their record
dimension. This would
occur if there were two
files each containing
one-year of temperature
data. A concatenation
operation would pro-
duce a new file with just
one variable, T that
spanned two years. In
this instance, the vari-
ables shared a record

operators were origi-
nally designed to
process climate data,
they have evolved
into a general netCDF
tool. NCO versions
exist for many operat-
ing systems including
GNU/Linux, SunOS
4.1x, Solaris 2.x, IRIX
5.x, and 6.x, and Win-
dows. The primary
requirement to run
NCO is the correct in-
stallation of the
netCDF libraries.

dimension (time). ncrat
specifically designed to
concatenate variables
along their record di-
mension (think “r" for
record). Now, if the
variables in the files
were averages, it is
possible that they would
no longer have a time
dimension. The NCO
ncecat would create a
single variable along a
new record dimension,
by default called
“record”. In this case,
think “e” for ensemble.
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“.n” and “-p”

These switches assist the user is specifying
which files to operate on. There are four dif-
ferent ways of specifying input files to NCO,
explicitly typing each (example 1), using UNIX
shell wildcards, and using the NCO "-n" and "-
p" switches. The “-p” switch (example 2) is
used to specify the directory where all the in-
put files reside, so that it only has to be input
once. NCO then prepends input-path (e.g.,"/
data/usrname/model”) to all input-files (but not
to output-file). Note input-path need not end
with “/*; the "/ is automatically generated if

necessary.

The “-n” switch (example 3) allows the user to
concisely describe an entire set of filenames.
This option is only available with the multi-file
operators: ncra, ncrcat, ncea, and ncecat.
Multi-file operators process an arbitrary num-
ber of input-files.

Switchs are command line options that allow the user to modify an operators functionality. Many of the
switches are common to more than one operator, so they are presented separately here even though the
operators themselves have not been individually discussed.

NCO automatically deletes files retrieved from
remote locations after they have been proc-
essed in order to conserve local file system
space. Many NCO operators were con-
structed to work with numerous large files. Re-
trieval of multiple files from remote locations is
done serially. Each file is retrieved, processed,
then deleted before the cycle repeats. In
cases where it is useful to keep the remotely-
retrieved files on the local file system after
processing, the automatic removal feature
may be disabled by specifying “-R” on the
command line.

“. v’ and “-x”

Variable selection is implemented with the “-v
varl.,.,.]” (example 4) and “-x” (example 5)
switches. A list of variables to extract is speci-
fied following the “v" option, e.g., “v T,U,V".
Not using the “-v" option is equivalent to speci-
fying all variables. The “-x” option causes the
list of variables specified with “-v" to be ex-
cluded rather than extracted. Thus “-xX” saves
typing when you only want to extract fewer
than half of the variables in a file.
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“_c” a nd “_C”

By default, coordinates variables associated
with any variable appearing in the input-file will
also appear in the output-file, even if they are
not explicitly specified, e.g., with the "-v"
switch. Thus variables with a latitude coordi-
nate lat always carry the values of lat with
them into the output-file. This is a useful
graphical feature since many of NCL’'s high
level interfaces look for these variables. This
feature can be disabled, however, with "-C".

The "-c" option, on the other hand, is a short-
hand way of automatically specifying that all
coordinate variables in the input-files should
appear in the output-file.

“. 7

By default, NCO uses C-style (0-based) indi-
ces for all I/O. The “-F” switch tells NCO to
switch to reading and writing with Fortran in-
dex conventions. In Fortran, indices begin
counting from 1 (rather than 0), and dimen-
sions are ordered from fastest varying to slow-

est varying.

T

All operators can be told to print their internal
version number and copyright notice and then
quit with the “-r" switch. The internal version
number varies between operators, and indi-
cates the most recent change to a particular
operator's source code. This is useful in mak-
ing sure you are working with the most recent

operators.

The “-d” option will extract a subset of data
(called a hyperslab). The coordinates of a hy-
perslab are specified with the dimension
named followed by the minimum and maxi-
mum values to extract.

A half-open range is specified by omitting ei-
ther the min or max parameter but including
the separating comma. The unspecified limit is
interpreted as the maximum or minimum value
in the unspecified direction.

If values of a coordinate-variable are used to
specify a range, then the coordinate variable
must be monotonic (values either increasing
or decreasing). It is possible that a previous
extraction resulted in a non-monotonic vari-
able (Example 8). Ranges are determined by
seeking the first coordinate value to occur in
the closed range [min,max] and including all
subsequent values until one falls outside the
range. The “-d” option may be specified more
than once. ncks allows for a stride option as
well which follows the max indicator. ncra and
ncrcat also allow a stride argument, but only
for the record dimension.
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“.A” and “-0”

If the output-file specified for a command is a
pre-existing file, then the operator will prompt
the user whether to overwrite (erase) the exist-
ing output-file, attempt to append to it, or abort
the operation. NCO also implements two
ways to override its own safety features, the "-
O" and "-A" switches. Specifying "-O" tells the
operator to overwrite any existing output-file
without prompting the user interactively. Speci-
fying "-A" tells the operator to attempt to ap-
pend to any existing output-file without prompt-
ing the user interactively.

oy

All operators automatically append a history
global attribute to any file they modify or cre-
ate. The history attribute consists of a time-
stamp and the full string of the invocation com-
mand to the operator, e.g., “Mon May 26
20:10:24 1997: ncks in.nc foo.nc”. The full
contents of an existing history attribute are
copied from the first input-file to the output-file.
The time stamps appear in reverse chronologi-
cal order, with the most recent timestamp ap-
pearing first in the history attribute. Since NCO
and many other netCDF operators adhere to

the history convention, the entire data proc-
essing path of a given netCDF file may often
be deduced from examination of its history at-
tribute. To avoid information overkill, all opera-
tors have an optional switch (“-h”) to override
automatically appending the history attribute.

Missing data refers to data points that are missing, invalid, or for any reason not intended to be
arithmetically processed in the same fashion as valid data. Missing data is identified by the
variable’s missing_value attribute. If this attributes
exists, then any elements of the variable which are
numerically equal to the missing_value are
treated as missing data. If the “type” of the attrib-
ute missing_value is not the same as the “type” of
the variable to which it applies, NCO converts the value. When an NCO arithmetic operator is
processing a variable with a missing_value attribute, it compares each value of var to miss-
ing_value before performing an operation. This inflicts a performance penalty on the operator
even when none of the data is missing.

ACKNOWLEDCMENTS:
Most of the text in this module has been taken

directly from Charlie Zender's NCOs User’s
Guide. The web address for this Guide is lo-
cated on the front page of this module. Every-
one who process netCDF data owes a debt of
gratitude to Charlie for creating these useful

operators.
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NCATTED
ATTRIBUTE EDITOR

ncatted edits attributes in a netCDF file.
It can append, create, delete, modify,
and overwrite attributes. It allows each

editing operation to be applied to each
variable in a file.

® Note the
& space be-
& tween the “
2 and the “t” in
& the string.
" ncatted ap- |
: pends directly *
to the last
B character of §
&= the attribute.

ncatted [-a att_dsc] [-h] [-| path] [-O] [ -p path] [-R] [-r]

input-file [output-file]

Where: (Note: these are ORDER dependent)
att_dsc = att_nm,var_nm,mode,att_type,att_val

att_nm: The name of the
attribute to edit e.g. units
or long_name

var nm: The name of
the variable to edit. A
blank implies all vari-
ables. “global” = global
attribute.

mode: Is a single char-
acter abbreviation stand-
ing for one of the follow-

ing:

a = append
C = create

d = delete

m = modify

0 = overwrite

att_type: Is a single char-
acter abbreviation stand-
ing for one of six data

types:

f =float

d = double
| =long

s = short
Cc=char

b = byte

att_val: Is what you want
the value changed to. It
may be a single value or a
1D array. When specify-
ing an array, or a charac-
ter string, enclose the val-
ues in quotes.
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ncea [-A] [-C] [-c] [-d ...] [-F] [-h] [-| path] [-
n loop] [-O] [ -p path] [-R] [-r] [-X] [-v...] in-
put_file(s) output_file

ncea performs gridpoint averages of vari-
ables across an arbitrary number
(ensemble) of input files. While ncra only
performs averages over the record dimen-
sion (e.g. time), ncea averages entire files
and weights each file evenly. Each vari-
able in the output_file will be the same size
as the same variable in any of the input
files. ncea does not average the coordi-
nate variables.

ncea [-A] [-C] [-c] [-d ...] [-F] [-h] [-| path] [-
n loop] [-O] [ -p path] [-R] [-1] [-X] [-v...] in-

put_file(s) output_file

ncra averages record variables across an
arbitrary number of input files. The record
dimension is retained as a degenerate
(size 1) dimension in the output variables.
This dimension must be removed for
ncdiff to work when using this mean file to
create anomalies (see page 8). The re-
cord coordinate should be monotonic. See
page 5 for an instance when monotonicity
is lost. ncra weights each record (e.g.
time slice) in the input_files equally.
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NCECAT

ENSEMBLE CONCATINATOR

ncecat [-A] [-C] [-c] [-d ...] [-F] [-h] [-] path] [-n
loop] [-O] [ -p path] [-R] [-r] [-X] [-v...]

input_file(s) output_file

ncecat concatenates an arbitrary number of in-
put files into a single output file. Input files are
glued together by creating a record dimension
in the out output file. Input files must be the
same size. Each input file is stored consecu-
tively as a single record in the output file. In the
preparation of this module, it was found that
ncecat also concatenated variables such as
hybm. This variable is the same in every file, so
it duplicates its values. The user will have to be
aware of this if using NCL to extract hybom and
similar variables because the dimension of this
1D variable will become a 2D variable.

ncreat [-A] [-C] [-c] [-d ...] [-F] [-h] [-] path] [-n
loop] [-O] [ -p path] [-R] [-r] [-X] [-v...] input_file out-

put_file

ncrcat concatenates record variables across an ar-
bitrary number of input files. The final record dimen-
sion is by default the sum of the lengths of the record
dimensions in the input files. Input files may vary in
size, but each must have an UNLIMITED record di-
mension. [f the files have a record dimension, but it
is NOT UNLIMITED, then ncrecat will fail, and it will
be necessary to use ncecat. This is one reason why
in the creation of netCDF files it is always important
to ensure the record dimension is UNLIMITED even
if there is no anticipation of joining files.

ncflint creates an output file that is a linear combination of the input files. This combination can be a normal-
ized weighted average, or an interpolation of the input files specified with a “I” option. In the first method, the
user specifies weights “w wgt1 [wgt2]’. If wgt2 is not specified, it is automatically computed as (wgt2 =1 -
wgt1). Weights larger than 1 are authorized. ncflint then takes the input values, multiples them by their re-
spective weights, and then adds the results together. In the second method, the user does not know the re-
spective weights, but it does now the resultant target (e.g. where you want to interpolate to). Given this value
[-i var,val3], ncifint will determine the values of wgt? and wgt2 and apply them to all variables selected. The
variable var must represent a single scalar value so that if it has dimensions, they must be degenerate. |f

neither the “-w” or “-i” option are specified, then ncflint defaults to weighting each file evenly.
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ncdiff [-A] [-C] [-c] [-d ...] [-F] [-h] [-| path]
[-O][ -p path] [-R] [-r] [-X] [-v...] file_1

file_2 file_3

ncdiff subtracts variables in file_2 from the
corresponding variables in file_1 and
places the results in file_3. If the variables
are not of the same dimension, then the
variables in file_2 are expanded to con-
form to the dimension size of the corre-
sponding variable in file_1. This allows the
operator to calculate anomalies from a
mean. The dimensions that variable_1
from file_1 and variable_2 from file_2 have
in common must be exactly the same size.
This means that if the mean file contains a
time dimension of dimension 1, it will
cause ncdiff to fail, because it does not
match the dimension of variable_1 from
file_1. It is therefore necessary to remove
the time dimension from the mean file to
avoid this problem (example 2). ncdiff will
never difference coordinate variables.

ncrename [-a old_name, new_name] [-a
...] [-a old_name, new_name] [-d ...] [-h]
[-1 path] [-O] [ -p path] [-R] [-r] [-v
old_name, new_name] [-v...] in_file
out_file

ncrename renames dimensions, variables,
and attributes in a netCDF file. Each ob-
ject that has a name in the list of old
names is renamed using the correspond-
ing name in the list of new names. All the
new names must be unique. Every old
name must exist unless it is preceded by a
“” The validity of the old_names is not
verified, so if an old_name does not exist,
and it is not specified with a “.", ncrename
will abort. If only an in_file is specified, the
file will be overwritten without prompting

the user.

attribute renaming: “-a old_name,
new_name”

dimension renaming: “d old_name,
new_name”

variable renaming: “-v old_name,
new_name”
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ncks extracts a subset of the data from the input_file and either prints
it as ASCII text to the screen, or writes it to output_file, or both. When
ncks prints the data to the screen, it does so in a tabular format that is
easier to read than ncdump. When ncks extracts a variable from the
input_file, and pastes it to an existing netCDF file, then the global at-
tributes of the existing file are overwritten. Since the history of a file is
contained in the global @history attribute, this feature can potentially
remove important information. Additionally, if the user attempts to ap-
pend a variable from the input_file that already exists in the out_put
file, it will be overwritten. If the record dimensions of the two files are
different, ncks will create a new record dimension in the output_file
that is the largest of the two dimensions and use fill values as neces-

sary.

ncks [-A] [-C] [-c] [-d ...]

-F] [-H] [-h] [-] path] [-M]
[-m] [-O] [-p path] [-R]

-r] [-s format] [-u] [-v ...]
-X]
input_file [output_file]

“_M"’”.m”,”_H"’ “_F”' “_
8”, and “-u” are
switches unique to ncks
that control the formatted
appearance of the data
extracted.

“-H”: print data to
screen.

“-M”. print the global
metadata (summary info
and global attributes) to
the screen.

“m”: print variable
metadata to the screen.

“ -g format”. accepts C
printf() formats.

“.u”: print the variable
name along the units at-
tribute if it exists.




NCWA
WEIGHTED AVERAGER

ncwa averages variables in a single file over arbitrary dimensions
which is unlike ncea (page 6) which averages over all files, and ncra
(page 6) which averages only over the record dimension. There are
options to specify weights, masks, and normalizations. The mask and
weights are broadcast to conform to the dimension of the variables be-
ing averaged. The rank of the variable is reduced by the number of
dimensions which they are averaged over.

ncwa [-A] [-a dim] [-C] [-c]
[-d ...] [-F] [-h] [-] path] [-m
val] [-O] [-n] [-N] [-p path]

[-R] [-r] [-u] [-W] [-X]
input_file [output _file]

Masking condition:

-m variable

-M value

-0 condition (eq,ne,gt,|t,ge,
le)

Normalization:

-N off

-n by tally only

-W by weight but not tally

This document was written to provide students of the NCAR Data Processing and Visualization Work-
shop with a reference manual on the netCDF operators. Other modules include discussions on the
netCDF data model (module 1), NCL Basics (module 2), NCL File IO (module 3), Data Processing with
NCL (module 4), incorporation Fortran into NCL (module 5), and the Component Model Processing

Suite (CMPS) (module 7). All modules are downloadable from the internet at.

http;//www.cgd.ucar.edu/csm/support/Document/manual.shtmi
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