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•10-11 MWF, with some make up classes due to travel
• Is this an OK time? 
• Go through Syllabus, other topics of interest?
• Helpful to know UNIX, NCL, GrADS, & FORTRAN. 
• Also helpful to know C++ & Python
 Today we begin with 
     Chapter 1 Data Storage Methods
      1.1 Common Formats
      1.2 Less Common Formats
      1.3 I/O Tools



1.1 Common Formats
• Ascii, here

• Binary, here

• GRIB, here

• NetCDF, here

• HDF, self-describing format



Number Representation on Computers
• BIT - Binary digIT,  ones and zeros (basic unit of 

information on a computer

• 1011 Binary number
 (1*2^3)+ (0*2^2) + (1*2^1) + (1*2^0) =  8+0+2+1 
= 11 (base 10 numbers)

• 8 bits = 1 byte

• 8 bits represent 256 values, 0 to 255
0=00000000, 1=00000001, 2=00000010, ... 
254=11111110, 255=11111111

• ASCII 0==> 127, each character is 7 bits



ASCII
• American Standard Code for Information 

Interchange is a character-encoding scheme 
based on the ordering of the English 
alphabet

• Read with a text editor, easily moved 
around (BEWARE a few things... Mac 
returns). Do Example

• Not very efficient way to store large data 
sets. 

http://en.wikipedia.org/wiki/ASCII

GrADS does not work easily 
with ASCII while NCL does. 



Binary
• Data encoded to store on a computer. 

Many different kinds of binary, thus 
complication.

• Ask for code to read binary data. 

• Direct access, sequential access FORTRAN 
open statement will specify. 

• Big endian and little endian, refers to byte 
order.  

FORTRAN, GrADS, & NCL 
work. 



Little and Big Endian Issues

Fortran solution, Grads and NCL solutions exist

Intel CPUs are little-endian, while Motorola 680x0 CPUs are big-endian.



GRIB
• GRIB (GRIdded Binary) is a mathematically 

concise data format commonly used in 
meteorology to store historical and 
forecast weather data.

• Historical comments

• Each individual GRIB record has two 
components - the part that describes the 
record (the header), and the actual binary 
data itself.

GrADS & NCL work. 



NetCDF
• (Network Common Data Form) is a set of software 

libraries and self-describing, machine-independent 
data formats that support the creation, access, and 
sharing of array-oriented scientific data.

• Hosted by UNIDATA program at UCAR (originated 
in the NASA CDF format)

FORTRAN, GrADS & 
NCL work plus R (ncdf
[2] and ncvar packages), 

Perl, Python, Ruby, 
Matlab, IDL, and Octave. http://en.wikipedia.org/wiki/NetCDF



1.2 Less Common Formats
• HRIT/LRIT, HRPT/LRPT (satellite data 

formats, will not talk about here)

• BUFR, here

• METAR - format of encoded hourly reports 
from Airports & permanent weather 
stations. here



METAR

http://en.wikipedia.org/wiki/METAR

Python, PERL
for parsing data



BUFR
• BUFR (Binary Universal Form for the 

Representation of meteorological data) is a World 
Meteorological Organization (WMO) standard 
for storing observational data (aka sequence or 
in-situ data).

• BUFR is self-describing data format and can store 
a large amount of data and metadata in a small 
amount of disk space by using look-up tables and 
bit-by-bit packing. 

http://grads.iges.org/grads/gadoc/bufrformat.html

GrADS reads in this type of 
data.  NCL does not at present. 



1.3 I/O Tools
• Common

• NCL, here

• Grads, here   (Compare and contrast)

• NCO, here

• CDO, Climate Data operators -command line, 
https://code.zmaw.de/projects/cdo/

• Less Common
• McIdas (satellite data viewer and analyzer, U. Wisconsin SSEC)

• OpenDAPS (framework for scientific data networking)

• XML (is a set of rules for encoding documents in machine-readable form, ex: 
RSS, XHTML, facilitates sharing of data)

• GIS - real strength is in spatial analysis! Example



NCL

Data analysis and visualization tool, Example 

http://www.ncl.ucar.edu/



GrADS http://grads.iges.org/grads/

History, costs
Example



NCO
• NetCdf Operators - is of UNIX commands 

(programs) designed to simplify 
manipulation and analysis of self-describing 
data stored in the netCDF format.

• averaging data, math/statistics, extract 
variables from files, concatenate data, 
ensemble averaging

• VERY FAST! 

http://nco.sourceforge.net/



Usefulness of GIS

Bhatt et al. 2010


