
1. Starting and Quitting GrADS 
 

GrADS is started by entering the command: grads 

Before initializing the graphics output environment, GrADS will prompt for landscape or 

portrait mode. Landscape is 11 x 8.5 inches (usually what you want). Portrait is 8.5 x 11 

inches, primarily used for producing vertically oriented hardcopy output. The actual size 

of the window will not, of course, be 11 x 8.5 inches (or 8.5 x 11 inches), but instead 

will be whatever size you chose by using your workstation's window manager. But 

GrADS will treat the window as if it were one of the above sizes, so it is best to size the 

window with approximately the proper aspect ratio. This can be done using the window 

manager or from GrADS using the command: 

 

set xsize x y  

 

which resizes the window to x,y pixels.  

After answering this prompt, a separate graphics output window will be opened (but not 

on PCs). You may move or resize this window at any time.  

You will enter GrADS commands in the text window from where you started GrADS. 

Graphics output will appear in the graphics window in response to the commands you 

enter. You will thus need to make the text window the "active" window; the window that 

receives keyboard input. 

 

Startup options 

You may specify the following options as arguments to the grads command when GrADS 

is started: 

 

-b    Run grads in batch mode. No graphics output window is opened. 

-l    Run grads in landscape mode. The Portrait vs. Landscape question is not 

asked. 

-p    Run grads in portrait mode. 

-c    Execute the supplied command as the 1 st GrADS command after GrADS 

is started. 

 

An example:  



 

grads -c "run profile.gs"  

 

These options may be used in combinations. For example: 

 

grads -blc "run batch.gs"  

 

Would run grads in batch mode, using landscape orientation (thus no questions are 

asked at startup); and execute the command: 

 

batch.gs upon startup.  

 

Leaving GrADS 

To leave GrADS, enter the command: 

 

quit  

 

2. Basic Concept of Operation 
 

When you have successfully installed and started GrADS, you'll be confronted with two 

windows -- a terminal window with a prompt, much like the infamous C:> in MS-DOS, 

and a resizable window (black background by default) where graphics are displayed. 

GrADS commands are entered in the terminal window and the response from GrADS is 

either graphics in the graphics window or text in the terminal window. The three 

fundamental GrADS commands: 

 

open    open or make available to GrADS a data file with either gridded or station data  

d        display a GrADS "expression" (e.g., a slice of data)  

set      manipulate the "what" "where" and "how" of data display 

 

The GrADS "expression," or what you want to look at, can be as simple as a variable in 

the data file that was opened, e.g., d slp or an arithmetic or GrADS function operation 

on the data, e.g., d slp/100 or d mag(u,v) where mag is a GrADS intrinsic function. 

 



The "where" of data display is called the "dimension environment" and defines which 

part, chunk or "hyperslab" of the 4-D geophysical space (lon,lat,level,time) is displayed. 

The dimension environment is manipulated through the set command and is controlled 

in either grid coordinates (x,y,z,t or indices) or world coordinates (lon, lat,lev, time). 

 

The "what" and "how" of display is controlled by set commands and includes both 

graphics methods (e.g., contours, streamlines) and data (e.g., d to a file). 

 

GrADS graphics can be written to a file (i.e., enable print filename and print) and then 

converted to postscript for printing and/or conversion to other image formats. 

 

In addition, GrADS includes graphic primitives (e.g., lines and circles) and basic 

labelling through the draw command. 

 

The q or query command is used to get information from GrADS such as which files are 

opened and even statistics. 

 

3. Using GrADS Data Files 
 

In GrADS, the raw binary data and the meta data (information about the binary data) are 

stored in separate files. The meta data file contains a complete description of the binary 

data as well as instructions for GrADS on where to find the data and how to read it. The 

binary data file is purely data with no space or time identifiers. The meta data file is the 

one you open in GrADS -- it is called the data descriptor file. The data descriptor file 

has a .ctl extension and is therefore also referred to as a control file. 

 

The Data Descriptor File 

The data descriptor file contains a complete description of the binary data as well as 

instructions for GrADS on where to find the data and how to read it. The descriptor file 

is an ASCII file that can be created easily with a text editor. The general contents of a 

gridded data descriptor file are as follows:  

 

 Filename for the binary data  

 Missing or undefined data value  



 Mapping between grid coordinates and world coordinates  

 Description of variables in the binary data set 

 

The data descriptor file is free format, which means the components of each record 

(line of text) are blank delimited. Leading blanks at the beginning of each record are 

removed before parsing. Comment records must start with an asterisk (*). Individual 

records may not be more than 255 characters long. Here is an example of a basic data 

descriptor file:  

 

DSET  ^gridded_data_sample.dat  

TITLE Gridded Data Sample 

UNDEF -9.99E33 

XDEF 180 LINEAR 0.0  2.0  

YDEF  90 LINEAR -90  2.0  

ZDEF  10 LEVELS 1000 850 700 500 400 300 250 200 150 100  

TDEF   4 LINEAR 0Z10apr1991 12hr  

VARS      4 

slp     0  99  sea level pressure  

hgt    10  99  heights  

temp   10  99  temperature  

shum    6  99  specific humidity 

ENDVARS 

 

In this example, the binary data set is named gridded_data_sample.dat and is located in 

the same directory as the descriptor file. This is specified by the caret (^) in front of 

the data filename. The undefined or missing data value is -9.99e33, there are 180 grid 

points in the X direction, 90 grid points in the Y direction, 10 vertical levels, 4 time 

steps, and 4 variables. The variable "slp" is a surface variable -- it has no vertical 

levels, but is assigned a default vertical coordinate of Z=1. The variables "hgt" and 

"temp" have 10 vertical levels, and the variable "shum" has 6 vertical levels (the first 

six listed, 1000 to 300). 

 

Structure of a Gridded Binary Data File 

The binary data file is purely data with no space or time identifiers. The data descriptor 

specifies the data's grid dimensions, but it is up to the user to make sure that the binary 



data have been written to file in the proper order so GrADS will interpret them 

correctly.  

 

GrADS views gridded data sets as 5-dimensional arrays varying in longitude, latitude, 

vertical level, variable, and time. It is helpful to think of a gridded binary data file as a 

sequence of "building blocks", where each building block is a horizonal grid of data 

varying in the X and Y dimensions. The first dimension (X) always varies from west to 

east; the second dimension (Y) varies from south to north (by default). One horizontal 

grid represents a particular variable at a particular height and time.  

 

Each horizontal grid in a GrADS binary data file must be the same size. If you have two 

variables with different horizontal grids, you must create two separate data sets.  

 

The structure of a 3-D, 4-D, or 5-D data set is determined by the order in which the 

horizonal grids are written to file. The building blocks are stacked in a sequence 

according to dimension. The sequence goes in the following order starting from the 

fastest varying dimension to the slowest varying dimension: longitude (X), latitude (Y), 

vertical level (Z), variable (VAR), time (T).  

 

For example, suppose you want to create a 4-D binary data set containing four 

variables. The horizonal grids would be written to the data set in the following order:  

 

 

Time 1, Variable 1 , Each vertical level from bottom to top 

Time 1, Variable 2 , Each vertical level from bottom to top 

Time 1, Variable 3 , Each vertical level from bottom to top 

Time 1, Variable 4 , Each vertical level from bottom to top 

 

Time 2, Variable 1 , Each vertical level from bottom to top 

Time 2, Variable 2 , Each vertical level from bottom to top 

Time 2, Variable 3 , Each vertical level from bottom to top 

Time 2, Variable 4 , Each vertical level from bottom to top 

 

etc. 

 

Binary Formats 



GrADS can read binary data that are formatted with or without FORTRAN record length 

headers. Files containing record length headers are called "sequential" and those 

without embedded record length information are called "direct access" or "stream" files. 

Unless otherwise specified, GrADS will assume the data file does not contain the record 

length headers.  

 

GrADS can also directly read GRIB formatted data -- one of GrADS most powerful and 

unique features! See the section on Creating Data Descriptor Files for GRIB Data for 

more information.  

 

A third category of data formats that GrADS can read are "self-describing files" such as 

NetCDF or HDF-SDS. For more information, see the references pages for sdfopen and 

xdfopen.  

 

Creating Data Files 

The default format for GrADS gridded binary data files is "stream" or "direct access". If 

you want to read FORTRAN "sequential" unformatted binary data files, you must include 

the following additional record in the data descriptor file:  

 

OPTIONS sequential 

 

Following are three examples of how to create gridded binary data files with simple 

FORTRAN programs.  

 

Suppose you have U and V wind components in 4-dimensions (X, Y, Z, and T) and you 

want to write them out in so they can be viewed in GrADS. The FORTRAN code might 

look something like this:  

 

parameter (ni=144,nj=91,nk=8,nt=4)  

dimension u(ni,nj,nk),v(ni,nj,nk),dum(ni,nj)  

do n=1,nk  

   call load(u,ni,nj,nk,n,dum) 

   write(10) dum  

end do  

do n=1,nk  



   call load(v,ni,nj,nk,n,dum) 

   write(10) dum  

end do  

 

subroutine load(a,ni,nj,nk,n,dum) 

dimension a(ni,nj,nk),dum(ni,nj)  

do i=1,ni  

   do j=1,nj  

   dum(i,j)=a(i,j,n)  

end do  

end do  

return 

 

The data descriptor file would look something like:  

 

This simple example write out one variable:  

 

DSET      ^model.dat  

TITLE     Sample Model Data  

UNDEF    0.10000E+16  

XDEF     144 linear   0 2.5  

YDEF      91 linear -90 2.0  

ZDEF       8 levels 1000 900 800 700 500 300 100 50 

TDEF       4 linear 00z01apr85 6hr 

VARS      2  

   u 8 99 U component  

   v 8 99 V component  

ENDVARS 



 

Another simple sample might be:  

 

REAL X(100)  

   DO 10 I=1,100  

     X(I)=I   

10 CONTINUE  

   OPEN (8,FILE='samp.dat',FORM='UNFORMATTED',ACCESS='DIRECT', 

  &RECL=100)  

   WRITE (8,REC=1) X  

   STOP  

   END 

 

 

The associated descriptor file:  

 

DSET      samp.dat  

TITLE     Sample Data Set  

UNDEF    -9.99E33  

XDEF     100 LINEAR 1 1  

YDEF     1 LINEAR 1 1  

ZDEF      1 LINEAR 1 1  

TDEF      1 LINEAR 1JAN2000 1DY  

VARS      1  

x  0  99  100 Data Points  

REAL  Z(72,46,16) 

   .... 

   OPEN(8,FILE='grads.dat',FORM='UNFORMATTED', 

 & ACCESS='DIRECT',RECL=72*46) 

   .... 

   IREC=1  

   DO 10 I=1,16 

     WRITE (8,REC=IREC) ((Z(J,K,I),J=1,72),K=1,46) 

     IREC=IREC+1 

10 CONTINUE 



ENDVARS 

 

Once created, you can use this data set to experiment with GrADS data functions, such 

as:  

 

 

display sin(x/50) 

 

Components of a GrADS Data Descriptor File 

 

DSET data_filename 

 

This entry specifies the filename of the data file being described. If the data and the 

descriptor file are not in the same directory, then data_filename must include a full path. 

If a ^ character is placed in front of data_filename, then data_filename is assumed to be 

relative to the path of the descriptor file. If you are using the ^ character in the DSET 

entry, then the descriptor file and the data file may be moved to a new directory 

without changing any entries in the data descriptor file, provided their relative paths 

remain the same. For example: 

 

If the data descriptor file is:  

      /data/wx/grads/sa.ctl 

and the binary data file is: 

      /data/wx/grads/sa.dat 

then the data file name in the data descriptor file can be: 

      DSET ^sa.dat 

instead of: 

      DSET /data/wx/grads/sa.dat  

 

If data_filename does not include a full path or a ^, then GrADS will only look for data 

files in the directory where you are running GrADS.  

 

GrADS allows you use a single DSET entry to aggregate multiple data files and handle 

them as if they were one individual file. The individual data files must be identical in all 

dimensions except time, and the time range of each individual file must be indicated it 



its filename. To accomplish this, the DSET entry has a substitution template instead of a 

filename. 

See the section on Using Templates (http://grads.iges.org/grads/gadoc/templates.html) 

for a description of all the possible components of the template. Second, the OPTIONS 

entry must contain the template keyword. 

 

CHSUB  t1  t2  string 

 

 (GrADS version 1.9b4) This entry is used with a new option for templating data files 

that allows for any user-specified string substitution, instead of only date string 

substitution. This is useful when none of the standard template options match the time 

ranges in the files you wish to aggregate, or if the files are located on different disks. 

When you put the %ch template in your DSET entry, then you also need to put 

additional CHSUB entries in the descriptor file. The string will be substituted for %ch in 

the data file name for the time steps beginning with t1 and ending with t2.See the 

section on Using Templates (http://grads.iges.org/grads/gadoc/templates.html) for 

examples.  

 

DTYPE keyword 

 

The DTYPE entry specifies the type of data being described. There are four options: 

grib, hdfsds, netcdf, or station. If the data type is none of these, then the DTYPE entry 

is omitted completely from the descriptor file and GrADS will assume the data type is 

gridded binary. 

 

bufr (GrADS version 1.9) Data file is a BUFR station data file. This data type must 

be accompanied by the following special entries: XVAR, YVAR, TVAR, STID. 

Optional special entries are: ZVAR, TOFFVAR. 

grib Data file is an indexed GRIB file. This data type requires a secondary entry 

in the descriptor file: INDEX. The INDEX entry provides the filename 

(including the full path or a ^) for the grib index file. The index file is created 

by the gribmap utility. You must run gribmap and create the index file before 

you can display the grib data in GrADS.   

hdfsds (GrADS version 1.9) Data file is an HDF Scientific Data Set (SDS). Although 

HDF-SDS files are self-describing and may be read automatically using the 

sdfopen/xdfopen commands, this DTYPE gives you the option of overriding 



the file's own metadata and creating a descriptor file for some or all of the 

variables in the file. This DTYPE may also be used if the metadata in the 

HDF-SDS file is insufficient or is not coards-compliant. This data type 

requires a special entry in the units field of the variable declaration. The 

undef and unpack entries contain special options for this dtype. 

netcdf (GrADS version 1.9) Data file is NetCDF. Although NetCDF files are self-

describing and may be read automatically using the sdfopen/xdfopen 

commands, this DTYPE gives you the option of overriding the file's own 

metadata and creating a descriptor file for some or all of the variables in the 

file. This DTYPE may also be used if the metadata in the NetCDF file is 

insufficient or is not coards-compliant. This data type requires a special 

entry in the units field of the variable declaration. The undef and unpack 

entries contain special options for this dtype. 

station Data file is in GrADS station data format. This data type requires a secondary 

entry in the descriptor file: STNMAP. The STNMAP entry provides the 

filename (including the full path or a ^) for the station data map file. The map 

file is created by the stnmap utility. You must run stnmap and create the map 

file before you can display the station data in GrADS. 

 

 

INDEX filename  

 

This entry specifies the name of the grib map file. It is required when using the DTYPE 

grib entry to read grib formatted data. The file is generated by running the external 

utility gribmap. Filenaming conventions are the same as those described for the DSET 

entry. 

 

STNMAP filename 

 

This entry specifies the name of the station map file. It is required when using the 

DTYPE station entry to read GrADS-formatted station data. The file is generated by 

running the external utility stnmap. Filenaming conventions are the same as those 

described for the DSET entry.  

 

TITLE string  

 



This entry gives brief description of the contents of the data set. String will be included 

in the output from a query command and it will appear in the directory listing if you are 

serving this data file with the GrADS-DODS Server (GDS), so it is helpful to put 

meaningful information in the title field. For GDS use, do not use double quotation marks 

(") in the title. 

  

UNDEF value <undef_attribute_name> 

 

This entry specifies the undefined or missing data value. UNDEF is a required entry 

even if there are no undefined data. GrADS operations and graphics routines will ignore 

data with this value from this data set. 

(GrADS version 1.9b4) An optional second argument has been added for data sets of 

DTYPE netcdf or hdfsds -- it is the name of the attribute that contains the undefined 

value. This should be used when individual variables in the data file have different 

undefined values. After data I/O, the missing values in the grid are converted from the 

variable undef to the file-wide undef (the numerical value in the first argument of the 

UNDEF record). Then it appears to GrADS that all variables have the same undef value, 

even if they don't in the original data file. If the data require a transformation using the 

attributes named in the UNPACK entry, GrADS assumes the variable undef value 

corresponds to the data values as they appear in the file, i.e., before they are 

transformed using a scale factor and offset. Missing packed data values are thus 

assigned the file-wide undef value and are never unpacked. Attribute names are case 

sensitive, and it is assumed that the name is identical for all variables in the netcdf or 

hdfsds data file. If the name given does not match any attributes, or if no name is given, 

the file-wide undef value will be used.  

Example: UNDEF 1e+33 _FillValue 

  

UNPACK scale_factor_attribute_name <add_offset_attribute_name> 

 

 (GrADS version 1.9) This entry is used with DTYPE netcdf or hdfsds for data variables 

that are 'packed' -- i.e. non-float data that need to be converted to float by applying 

the following formula:  

     y = x * scale_factor + add_offset 

Only the attribute name for the scale factor is required. If your netcdf or hdfsds file 

does not have an offset attribute, the 2nd argument may be omitted, and the offset will 

be assigned the default value of 0.0. Attribute names are case sensitive, and it is 



assumed that the names are identical for all variables in the netcdf or hdfsds data file. If 

the names given do not match any attributes, the scale factor will be assigned a value of 

1.0 and the offset will be assigned a value of 0.0. The transformation of packed data is 

done after the undef test has been applied.  

Examples:  

UNPACK scale_factor add_offset 

UNPACK Slope Intercept 

  

FILEHEADER length  

 

This optional entry tells GrADS that your data file has a header record of length bytes 

that precedes the data. GrADS will skip past this header, then treat the remaineder of 

the file as though it were a normal GrADS binary file after that point. This optional 

descriptor file entry is only valid for GrADS gridded data sets.   

 

THEADER length 

 

This optional entry tells GrADS that the data file has a header record of length bytes 

preceding each time block of binary data. This optional descriptor file entry is only valid 

for GrADS gridded data sets. See the section on structure of a gridded binary data file 

(http://grads.iges.org/grads/gadoc/aboutgriddeddata.html#structure) for more 

information.  

 

XYHEADER length 

 

This optional entry tells GrADS that the data file has a header record of length bytes 

preceding each horizontal grid (XY block) of binary data. This optional descriptor file 

entry is only valid for GrADS gridded data sets. See the section on structure of a 

gridded binary data file for more information.  

 

XVAR x,y 

 

 (GrADS version 1.9) This entry provides the x,y pair for the station's longitude. This 

entry is required for DTYPE bufr. 

 

YVAR x,y 



 

 (GrADS version 1.9) This entry provides the x,y pair for the station's latitude. This 

entry is required for DTYPE bufr.  

 

ZVAR x,y 

 

 (GrADS version 1.9) This entry provides the x,y pair for the station data's vertical 

coordinate (e.g., pressure). This is an optional entry for DTYPE bufr.   

STID x,y 

 

 (GrADS version 1.9) This entry provides the x,y pair for the station ID. This entry is 

required for DTYPE bufr.  

 

TVAR yr x,y mo x,y dy x,y hr x,y mn x,y sc x,y 

 

 (GrADS version 1.9) This entry provides the x,y pairs for all the base time coordinate 

variables. Each time unit (year=yr, month=mo, day=dy, hour=hr, minute=mn, second=sc) 

is presented as a 2-letter abbreviation followed by the x,y pair that goes with that time 

unit. The time for any individual station report is the base time plus the offset time (see 

TOFFVAR). All six base time units are not required to appear in the TVAR record, only 

those that are in the data file. This entry is required for DTYPE bufr.  

 

TOFFVAR yr x,y mo x,y dy x,y hr x,y mn x,y sc x,y 

 

 (GrADS version 1.9) This entry provides the x,y pairs for all the offset time coordinate 

variables. The syntax is the same as TVAR. The time for any individual station report is 

the base time plus the offset time. All six offset time units are not required to appear in 

the TOFFVAR record, only those that are in the data file. This is an optional entry for 

DTYPE bufr.   

 

OPTIONS keyword 

 

This entry controls various aspects of the way GrADS interprets the raw data file. It 

replaces the old FORMAT record. The keyword argument may be one or more of the 

following: 

 



yrev Indicates that the Y dimension (latitude) in the data file has been 

written in the reverse order from what GrADS assumes. An 

important thing to remember is that GrADS still presents the view 

that the data goes from south to north. The YDEF statement does 

not change; it still describes the transformation from a grid space 

going from south to north. The reversal of the Y axis is done as the 

data is read from the data file. 

zrev Indicates that the Z dimension (pressure) in the data file has been 

written from top to bottom, rather than from bottom to top as 

GrADS assumes. The same considerations as noted above for yrev 

also apply. 

template Indicates that a template for multiple data files is in use. For more 

information, see the section on Using Templates. 

(http://grads.iges.org/grads/gadoc/templates.html) 

sequential Indicates that the file was written in sequential unformatted I/O. 

This keyword may be used with either station or gridded data. If 

your gridded data is written in sequential format, then each record 

must be an X-Y varying grid. If you have only one X and one Y 

dimension in your file, then each record in the file will be one 

element long (it may not be a good idea to write the file this way). 

365_day_calendar Indicates the data file was created with perpetual 365-day years, 

with no leap years. This is used for some types of model ouput.  

byteswapped Indicates the binary data file is in reverse byte order from the 

normal byte order of your machine. Putting this keyword in the 

OPTIONS record of the descriptor file tells GrADS to swap the byte 

order as the data is being read. May be used with gridded or station 

data.  

 

The best way to ensure hardware independence for gridded data is to specify the data's 

source platform. This facilitates moving data files and their descriptor files between 

machines; the data may be used on any type of hardware without having to worry about 

byte ordering. The following three OPTIONS keywords are used to describe the byte 

ordering of a gridded or station data file:  

 

big_endian Indicates the data file contains 32-bit IEEE floats created on a big 

endian platform (e.g., sun, sgi)  



little_endian Indicates the data file contains 32-bit IEEE floats created on a little 

endian platform (e.g., iX86, and dec) 

cray_32bit_ieee Indicates the data file contains 32-bit IEEE floats created on a cray. 

 

PDEF 

 

PDEF is so powerful it has its own documentation page. 

(http://grads.iges.org/grads/gadoc/pdef.html) 

 

XDEF xnum mapping <additional arguments> 

 

This entry defines the grid point values for the X dimension, or longitude. The first 

argument, xnum, specifies the number of grid points in the X direction. xnum must be an 

integer >= 1. mapping defines the method by which longitudes are assigned to X grid 

points. There are two options for mapping:  

 

LINEAR    Linear mapping  

LEVELS    Longitudes specified individually  

 

The LINEAR mapping method requires two additional arguments: start and increment. 

start is a floating point value that indicates the longitude at grid point X=1. Negative 

values indicate western longitudes. increment is the spacing between grid point values, 

given as a positive floating point value.  

 

The LEVELS mapping method requires one additional argument, value-list, which 

explicitly specifies the longitude value for each grid point. value-list should contain 

xnum floating point values. It may continue into the next record in the descriptor file, 

but note that records may not have more than 255 characters. There must be at least 2 

levels in value-list; otherwise use the LINEAR method.  

 

Here are some examples:  

 

XDEF 144 LINEAR 0.0 2.5  

XDEF 72 LINEAR 0.0 5.0   

XDEF 12 LEVELS 0 30 60 90 120 150 180 210 240 270 300 330   

XDEF 12 LEVELS 15 45 75 105 135 165 195 225 255 285 315 345  



  

YDEF ynum mapping <additional arguments>  

 

This entry defines the grid point values for the Y dimension, or latitude. The first 

argument, ynum, specifies the number of grid points in the Y direction. ynum must be an 

integer >= 1. mapping defines the method by which latitudes are assigned to Y grid 

points. There are several options for mapping:  

 

LINEAR    Linear mapping  

LEVELS    Latitudes specified individually  

GAUST62   Gaussian T62 latitudes 

GAUSR15   Gaussian R15 latitudes 

GAUSR20   Gaussian R20 latitudes 

GAUSR30   Gaussian R30 latitudes 

GAUSR40   Gaussian R40 latitudes 

 

The LINEAR mapping method requires two additional arguments: start and increment. 

start is a floating point value that indicates the latitude at grid point Y=1. Negative 

values indicate southern latitides. increment is the spacing between grid point values in 

the Y direction. It is assumed that the Y dimension values go from south to north, so 

increment is always positive.  

 

The LEVELS mapping method requires one additional argument, value-list, which 

explicitly specifies the latitude for each grid point, from south to north. value-list 

should contain ynum floating point values. It may continue into the next record in the 

descriptor file, but note that records may not have more than 255 characters. There 

must be at least 2 levels in value-list; otherwise use the LINEAR method.  

 

The Gaussian mapping methods require one additional argument: start. This argument 

indicates the first gaussian grid number. If the data span all latitudes, start would be 1, 

indicating the southernmost gaussian grid latitude.  

 

Here are some examples:  

 

YDEF 73 LINEAR -90 2.5  

YDEF 180 LINEAR -90 1.0  



YDEF 18 LEVELS -85 -75 -65 -55 -45 -35 -25 -15 -5 5 15 25 35 45 55 65 

75 85   

YDEF 94 GAUST62 1  

YDEF 20 GAUSR40 15  

 

The NCEP/NCAR Reanalysis surface variables are on the GAUST62 grid.  

The final example shows that there are 20 Y dimension values which start at Gaussian 

Latitude 15 (64.10 south) on the Gaussian R40 grid 

  

ZDEF znum mapping <additional arguments> 

 

This entry defines the grid point values for the Z dimension. The first argument, znum, 

specifies the number of pressure levels. znum must be an integer >= 1. mapping defines 

the method by which longitudes are assigned to Z grid points. There are two options for 

mapping:  

 

LINEAR    Linear mapping  

LEVELS    Pressure levels specified individually  

 

The LINEAR mapping method requires two additional arguments: start and increment. 

start is a floating point value that indicates the longitude at grid point Z=1. increment is 

the spacing between grid point values in the Z direction, or from lower to higher. 

increment must be non-zero, but may be a negative value. 

 

The LEVELS mapping method requires one additional argument, value-list, which 

explicitly specifies the pressure level for each grid point in ascending order. value-list 

should contain znum floating point values. It may continue into the next record in the 

descriptor file, but note that records may not have more than 255 characters.  

 

Here are some examples:  

 

ZDEF 10 LINEAR 1000 -100   

ZDEF 7 LEVELS 1000 850 700 500 300 200 100   

ZDEF 17 LEVELS 1000 925 850 700 600 500 400 300 250 200 150 100 70 50   

  

TDEF tnum LINEAR start increment 



 

This entry defines the grid point values for the T dimension. The first argument, tnum, 

specifies the number of time steps. tnum must be an integer >= 1. The method by which 

times are assigned to T grid points is always LINEAR.  

 

start indicates the initial time value at grid point T=1. start must be specified in the 

GrADS absolute date/time format:  

 

hh:mmZddmmmyyyy  

 

where:  

 

hh = hour (two digit integer)  

mm = minute (two digit integer)   

dd = day (one or two digit integer)  

mmm = 3-character month   

yyyy = year (may be a two or four digit integer; 2 digits implies a year 

between 1950 and 2049)  

 

If not specified, hh defaults to 00, mm defaults to 00, and dd defaults to 1. The month 

and year must be specified. No intervening blanks are allowed in the GrADS absolute 

date/time format.  

 

increment is the spacing between grid point values in the T direction. increment must 

be specified in the GrADS absolute time increment format:  

 

vvkk  

 

where:  

 

vv = an integer number, 1 or 2 digits   

kk = mn (minute)  

hr (hour)  

dy (day)  

mo (month)  

yr (year)   



 

Here are some examples:  

 

TDEF 60 LINEAR 00Z31dec1999 1mn   

TDEF 73 LINEAR 3jan1989 5dy  

TDEF 730 LINEAR 00z1jan1990 12hr   

TDEF 12 LINEAR 1jan2000 1mo   

TDEF 365 LINEAR 12Z1jan1959 1dy  

TDEF 40 LINEAR 1jan1950 1yr  

  

VECTORPAIRS U-component,V-component 

 

 (GrADS version 1.9b4) This entry is for explicity identifying vector component pairs. 

This is only necessary if the data are on a native projection other than lat/lon (i.e. you 

are using PDEF) and if the winds have to be rotated from a grid-relative sense to an 

Earth-relative sense. (GrADS has to retrieve both the u and v component in order to do 

the rotation calculation.) 

 

Using this entry replaces the old technique of putting 33 (for U) or 34 (for V) in the first 

element of the units field in the variable declaration. The U-component and V-

component arguments should be variable names that appear in the VARS list. They are 

separated by a comma, with no spaces. More than one pair of components may be 

listed; in this case, the pairs should be separated by a space. For example:  

 

VECTORPAIRS  u,v  u10,v10  uflx,vflx 

  

VARS varnum 

variable_record_1 

variable_record_2 

...  

variable_record_varnum 

ENDVARS 

 

This ensemble of entries describes all the variables contained in the data set. varnum 

indicates the number of variables in the data set and is therefore also equal to the 

number of variable records that are listed between the VARS and ENDVARS entries. 



ENDVARS must be the final line of the Grads data descriptor file. Any blank lines after 

the ENDVARS statement may cause open to fail!  

 

The format of the variable records is as follows:  

 

varname levs units description 

 

The syntax of varname and units is different depending on what kind of data format 

(DTYPE) you are describing. Details provided below: 

 

varname This is a 1-15 character "name" or abbreviation for the data variable. 

varname may contain alphabetic and numeric characters but it must start 

with an alphabetic character (a-z).   

Varname 

(DTYPE 

netcdf or 

hdfsds) 

(GrADS version 1.9) For DTYPE netcdf or hdfsds, varname may have a 

different syntax:  

 

SDF_varname=>grads_varname  

 

SDF_varname is the name the data variable was given when the SDF file 

was originally created. For NetCDF files, this name appears in the output 

from ncdump. It is important that SDF_varname exactly matches the 

variable name in the data file. SDF_varname may contain uppercase letters 

and non-alpha-numeric characters.  

The classic varname syntax (i.e., when "SDF_varname =>" is omitted) may 

be used if SDF_varname meets the criteria for GrADS variable names: it 

must be less than 16 characters, start with an alphabetic character, and 

cannot contain any upper case letters or non-alpha-numeric characters. 

levs This is an integer that specifies the number of vertical levels the variable 

contains. levs may not exceed znum as specified in the ZDEF statement. If 

levs is 0, the variable does not correspond to any vertical level. Surface 

variables (e.g. sea level pressure) have a levs value of 0.  

For DTYPE station or bufr, surface variables have a levs value of 0 and 

upper air variables have a levs value of 1. (Exception to this rule for bufr 

data: replicated surface variables are given a levs value of 2).  

description This is text description or long name for the variable, max 40 characters.  

 



The units component of the variable record is used for data with DTYPE bufr, grib, 

netcdf, or hdfsds. It is also used for non-standard binary data files that require special 

"unpacking" instructions, and special cases of pre-projected wind components. If the 

data you are describing does not fall into any of these categories, put a value of 99 in 

the units field.   

 

units For flat binary files containing 4-byte floating-point data that are not 

pre-projected, this field is ignored but must be included. Put in a value of 

99. 

units 

(DTYPE 

bufr) 

(GrADS version 1.9) For DTYPE bufr files, this field contains the x,y pair 

for the named variable. 

units 

(DTYPE 

grib) 

For DTYPE grib, the units field specifies the GRIB parameters of the 

variable. This information is used by the gribmap utility for mapping the 

variables listed in the descriptor file to the data records in the GRIB 

files. This parameter may contain up to four comma-delimited numbers: 

 

VV,LTYPE,LEVEL,RI  

 

where,  

 

VV = The GRIB parameter number (Required)  

LTYPE = The level type indicator (Required)  

LEVEL = The value of the LTYPE (Optional)  

RI = The "range indicator" (for certain level types) (Optional)   

 

The external utilities gribscan and wgrib are quite useful in determining 

what the values for the units field should be for a GRIB data file. 

Examples: 

 

u 39 33,100 U Winds [m/s]  

t 39 11,100 Temperature [K]  

ts 0 11,1 Surface Temperature [K]  

tb 0 11,116,60,30 Temperature, 30-60mb above surface [K]  

dpt 0 17,100,1000 Dew Point Temperature at 1000 mb [K] 

units (GrADS version 1.9) For DTYPE netcdf or hdfsds, the units field is a 



(DTYPE 

netcdf or 

hdfsds ) 

comma-delimited list of the varying dimensions of the variable. 

Dimensions expressed as x, y, z, or t correspond to the four axes 

defined by XDEF, YDEF, ZDEF and TDEF. For example, a surface 

variable such as sea level pressure might look like this:  

 

presSFC=>psfc   0   y,x   Surface Pressure  

A time-varying atmospheric variable such as geopotential height might 

look like this: 

 

Height=>hght   17   t,z,y,x   Geopotential Height (m)  

The order of the dimensions listed in the units field does matter. They 

must describe the shape of the variable as it was written to the SDF data 

file. For NetCDf files, this information appears in the output from ncdump 

next to the variable name.  

 

If your data file contains a variable that also varies in a non-world-

coordinate dimension (e.g. histogram interval, spectral band, ensemble 

number) then you can put a non-negative integer in the list of varying 

dimensions that will become the array index of the extra dimension. For 

example:  

 

VAR=>hist0   0   0,y,x   First historgram interval for VAR 

VAR=>hist1   0   1,y,x   Second historgram interval for VAR 

VAR=>hist2   0   2,y,x   Third histogram interval for VAR  

 

Another option in this example would be to fill the unused Z axis with the 

histogram intervals:  

 

zdef 3 linear 1 1 

...  

VAR=>hist   3   z,y,x   VAR Histogram 

 

In this case, it would appear to GrADS that variable 'hist' varies in Z, but 

the user would have to remember that the Z levels correspond to 

histogram intervals. The latter technique makes it easier to slice through 

the data, but is not the most accurate representation. And if you don't 



have an unsued world-coordinate axis available, then you still have a 

way to access your data. 

units  

(non-

standard 

binary) 

For non-standard binary files, the units field is used to instruct GrADS 

how to read binary files that do not conform to the default structure or 

do not contain 4-byte float data. GrADS assumes the data were written 

in the following order (starting from the fastest varying dimension to the 

slowest): longitude (X), latitude (Y), vertical level (Z), variable (VAR), 

time (T). If your binary data set was created or "packed" according to a 

different dimension sequence, then you can use the units field to tell 

GrADS exactly how to unpack the data.  

 

For these non-standard binary files, the units field is a series of one or 

more comma-delimited numbers, the first of which is always -1. The 

syntax is as follows:  

 

-1, structure <,arg>  

 

There are four options for structure, outlined below. Some of these 

options have additional attributes which are specified with arg. 

-1,10,arg This option indicates that "VAR" and "Z" have been 

transposed in the dimension sequence. The order is: 

longitude (X), latitude (Y), variable (VAR), vertical level 

(Z), time(T). Thus, all variables are written out one level at 

a time.  

 

This feature was designed to be used with NASA GCM 

data in the "phoenix" format. The upper air prognostic 

variables were transposed, but the diagnostic variables 

were not. Thus an arg of 1 means the variable has been 

var-z transposed, and an arg of 2 means the variable has 

not. 

-1,20,arg This option indicates that "VAR" and "T" have been 

transposed in the dimension sequence. The order is: 

longitude (X), latitude (Y), vertical level (Z), time(T), 

variable (VAR). Thus, all times for one variable are written 

out in order followed by all times for the next variable, etc. 



 

If your data set is actually a collection of separate files 

that are aggregated by using a template, then you must use 

arg to tell GrADS how many time steps are contained in 

each individual file. For example, here are the relevant 

records from a descriptor file for 10 years of monthly wind 

and temperature data packaged in 10 separate files (one 

for each year) with "VAR" and "T" dimensions transposed: 

 

DSET ^monthlydata_%y4.dat  

OPTIONS template  

TDEF 120 linear jan79 1mo  

VARS 3 

u   17   -1,20,12   U-Wind Component 

v   17   -1,20,12   V-Wind Component  

t   17   -1,20,12   Temperature  

ENDVARS  

-1,30 This option handles the cruel and unusual case where X 

and Y dimensions are transposed and the horizontal grids 

are (lat,lon) as opposed to (lon,lat) data. This option 

causes GrADS to work very inefficiently. However, it is 

useful for initial inspection and debugging. 

-1,40,arg This option handles non-float data. Data are converted to 

floats internally after they are read from the binary file. 

The dimension sequence is assumed to be the default. The 

secondary arg tells GrADS what type of data values are in 

the binary file:  

 

units = -1,40,1     = 1-byte unsigned chars (0-

255)  

units = -1,40,2     = 2-byte unsigned integers 

units = -1,40,2,-1 = 2-byte signed integers 

units = -1,40,4     = 4-byte integers 
 

units  

(pre-

projected 

For pre-projected vector component data that require the use of PDEF 

and rotation, GrADS has to retrieve both the u and v component in order 

to do the rotation calculation. The new (and recommended) method for 



wind 

components) 

matching vector components is to use the VECTORPAIRS descriptor file 

entry. The old technique (for versions older than 1.9b4) is to use the 

units field of the variable record. The u-component variable must have a 

units value of 33, and the v-component variable must have a units value 

of 34. (This is the GRIB convention). If there are more than one u/v 

pairs, secondary units values are used. 

 

@  varname  attribute_type  attribute_name  attribute_value 

 

 (GrADS version 1.9b4) To supplement the metadata in your descriptor file, use 

attribute comments. The first two characters of the attribute comment must be "@" 

followed by a space -- this distinguishes it from an ordinary comment (see below). 

Attribute comments may appear anywhere in the descriptor file, and they will be 

ignored if used with older versions of GrADS.  

 

All file attributes may be retrieved with the 'query attr' command.  

 

varname may be set to "global" to describe general attributes that are valid for the 

entire data set. Set varname to "lon", "lat", "lev", or "time" to describe attributes of the 

four coordinate axes; otherwise, use one of the variable names listed in the variable 

declarations. If a variable name is aliased, use the grads_varname instead of the native 

SDF_varname. 

 

attribute_type should be one of the following case-sensitive types: String, Byte, Int16, 

UInt16, Int32, UInt32, Float32, Float64. 

 

attribute_name may be any single word or string with no spaces (e.g.: "units", 

"minimum_value") 

 

attribute_value can be any string as long as the length of the entire entry does not 

exceed 512 characters.  

 

For example: 

 

@ precip String units mm/day 

@ global String documentation http://put.your.documentation.url.here 



 

* comment 

 

You may put comments in your descriptor file by beginning the entry with * . Use @ for 

formatted attribute comments (see above). 



 











 


