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The Use of Compact Discs for the Storage of
Large Meteorological and Oceanographic Data
Sets

as peripheral units for microcomputer systems. As a result, the
processing and manipulation of larger (tens of megabytes or
more) data sets have not migrated from mainframes to the
smaller computer systems.
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1. Introduction
During the past two years the feasibility of using compact discs
as a medium for archiving and distributing large meteorological
and oceanographic data sets has been examined at the University of Washington. Current archival problems, the potential
of compact-disc technology, and our own experiences in creating and using compact discs are described.

2. The problems of data archival
The amount of data created by the ever-expanding array of
meteorological and oceanographic observing systems is steadily, if not exponentially, increasing. Satellite platforms and
radar facilities are producing gigabytes of data each day, and
planned networks of doppler radars (Milner, 1986) and vertical
profilers (Balsley and Gage, 1982) will provide a new flood
of information. These data sources as well as numerous types
of more-conventional surface and upper-air observations must
be archived and distributed. Today, the predominant method
for such data handling depends on half-inch magnetic tapes.
Unfortunately, this medium possesses several drawbacks. First,
even high-density (6250 bits per inch) magnetic tapes can hold
only about 130 megabytes, a small amount compared to the
current daily stream of data. Second, tapes need to be in physical contact with recording or playback heads and can snag,
break, age, and wear. Experience has shown that tapes should
be copied every few years to assure acceptable error rates.
Considering the large number of tapes that have been and will
be created, such periodic tape maintenance is a serious and
costly problem. Third, tape drives are complex electro-mechanical devices that are not only expensive to purchase, but
also require frequent and costly servicing. Fourth, tape storage
does not allow random access to the data; sometime tens of
minutes are required to secure a particular piece of information
on a high-density tape.
As a microprocessors have gotten faster and cheaper, it has
become possible to decentralize many of the small and moderate
processing tasks from university or organizational mainframes
to local microprocessor-based workstations. Unfortunately, the
price of tape drives has not fallen at nearly the same rate as
central processing units and are generally too expensive to serve
1

Department of Atmospheric Sciences, AK-40, University of Washington, Seattle, WA 98195.
© 1987 American Meteorological Society
1556

3. The alternative of optical storage
During the past decade several alternatives to magnetic-tape
storage have been developed. Optical-disc technology is particularly attractive. Such discs provide high density storage in
which a laser reads data encrypted in the varying reflectivity
of a plastic disc. Since there is no direct physical contact with
the storage medium, the problems of wear and abrasion do not
exist. Write-Once-Read-Many (WORM) optical-disc drives allow a user to write data on the disc once and to read it as many
times as needed. Such discs currently hold as much as one
gigabyte of data per side. WORM drives are relatively expensive (currently $5,000 to $10,000 for the smaller units) and
each disc costs several hundred dollars. Furthermore, the physical and logical formats of data storage for this medium have
not been standardized. Even with these drawbacks, WORM
drives are attractive devices for local storage of large permanent
data sets and for the distribution of such data sets to a limited
number of sites.
The compact disc or CD-ROM (Compact Disc Read Only
Memory) is another type of optical-disc storage. With a diameter of approximately 120 mm (4.75 inches), compact discs
can hold over 600 megabytes of digital information on a single
side. Discs are pressed from a "master" using a method not
unlike that used to duplicate phonograph records. The creation
of masters (termed mastering) and the pressing of its replicas
currently cannot be done at local sites since expensive facilities
and clean-room conditions are required. Today, mastering costs
are approximately $2,500 to $4,000; however, a large number
of mastering facilities are now being established, and costs are
expected to decrease. Once a master is created, replicas can be
pressed at relatively little cost (up to $25, depending on quantity). For a data set in which 150 copies are distributed the cost
per disc would be only $47, using a mastering cost of $4000,
and a per copy cost of $20. Thus, compact discs appear to be
well suited for the distribution of data sets that do not need to
be frequently altered and which are required at a number of
sites.
CD-ROM drives use virtually the same technology as the
increasingly popular music compact discs, the main exception
being superior error-correcting electronics. As a result, the
economies of scale of the huge music-disc market have driven
the price of compact-disc drives down to well under a thousand
dollars. These relatively simple devices have proven to be extremely reliable and can provide data from the discs at rates
up to 150 000 bytes per second. Several companies such as
Pioneer, Hitachi, Sony, and Phillips market CD-ROM drives
with interfaces for either International Business Machine (IBM)
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personal computers (PC) or computers with Small Computer
System Interface (SCSI) ports. Digital Equipment Corporation
also provides a compact disc drive for its VAX computers.
These compact-disc drives can be connected together to allow
simultaneous access to several discs.
With a highly stable medium and sophisticated error-correction electronics, compact discs can boast extremely low error
rates of 10"12 or better. Since the laser that reads the data has
its focal point below the surface, scratches or imperfections in
the surface do not significantly degrade the data acquisition.
Compact discs have projected lifetimes of decades.
A large degree of standardization has characterized the development of CD-ROM technology. The physical placement
of data on the discs has been standardized throughout the entire
industry for several years. During the past year a ' 'High Sierra''
logical or file-format standard has also been established by an
industry working group. Recently, this standard with some
minor alterations has been accepted by an International Standard Organization (ISO) group. With the acceptance of this
standard, any High Sierra CD-ROM disc should be playable
on the drives of any manufacturer. Furthermore, the latest version of MS-DOS, the operating system of the IBM PC family,
will directly support the High Sierra file standard.
Several companies are working on write-once and erasable
compact discs. Although working prototypes have been created, this technology will probably not be available for several
years. Work is also proceeding on increasing the storage densities by a factor of two or more, and improving the access times
and data-transfer rates of the drives.

met our expectations: any grid on the disc is accessible in
approximately one second and detailed evaluations indicate that
the mastering process did not introduce any errors into the data
set. We have developed software that allows easy use and
manipulation of the NMC data on an IBM PC. This software
not only allows a user to access and graphically display the
gridded data, but also possesses capabilities such as averaging
and compositing. For example, a researcher investigating explosive cyclogenesis might composite the surface and 500 mb
charts accompanying ten extreme cases in order to determine
the mean synoptic environment encouraging such rapid developments.
A limited number of the NMC compact discs are now available to the meteorological community at a nominal cost, and
will be distributed on a first-come basis. A detailed handbook
describing the disc's contents and use has also been prepared.
A second disc, which will include most of the nonimagery
data collected during the Genesis of Atlantic Lows (GALE)
field experiment of January-March 1986 is now prepared. The
contents of this disc are shown in table 2. With continued
support we hope to master other types of data on compact disc
and to experiment with the use of these discs on a variety of
computer systems. It is expected that compact discs will be an
integral part of the UNIDATA hardware-software systems that
currently are being developed.

5. A vision of the future
The compact disc appears to offer a practical alternative medium for archiving widely used moderate to large meteorological and oceanographic data sets, and for allowing the analysis

4. The compact disc project at the University
of Washington
With support from the National Science Foundation through
the University Weather Data Project (UNIDATA) of the University Corporation for Atmospheric Research (UCAR), a
group at the University of Washington began the evaluation of
compact disc technology in 1985. After successfully testing a
Hitachi compact-disc drive on an IBM PC using a disc and
access software supplied by Reference Technology, Incorporated of Boulder, Colorado, we began the task of preparing our
first disc. The National Meteorological Center's (NMC) Grid
Point Data Set was selected because of its wide use and simple
gridded format. Since it would take several discs to hold the
entire data set from the late 1940s until the present, we decided
to create one disc with what we felt was the most useful subset
of levels and parameters (see the cover for a picture of this
disc). Table 1 shows the contents of the NMC disc. Some
obviously incorrect grids were removed, and a directory structure, which would allow random access to any part of the data
set, was created. Both the data and directory information were
forwarded to Reference Technology for premastering, the determination of the actual locations on the disc of the data and
directories. The creation of the disc master and the pressing of
its replicas were done by the 3M Corporation. It should be
noted that this disc was mastered to the new High Sierra file
format.
The performance of the NMC compact discs has more than

TABLE 1.

Level

Contents of the NMC Grid-Point-Data Compact Disc.
Parameter

Description of Disc
Contents
P (Sea
Surface
level)
Z
850 mb
T
u
v
Z
500 mb
T
O)
Z
200 mb
250/200 mb u
v
Z
50 mb
Z
10 mb
Monthly Mean Grids:
P
Sea Level
Z, T
850 mb
700 mb
500 mb

Z, T
Z, T

200 mb

Z, T

Years

46-85

68

62-85
62-85
63-85
63-85
46-85
62-85
75-85
62-85
63-85
63-85
64-85
64-85

45
44.8
37.7
37.7
70.1
44.8
18.9
45
42.1
42.1
23.9
22.5

73-84
61-84/Z
62-84/T
55-84
46-84/Z
55-84/T
55-84

Comments

.1

—

Total Storage Requirement:
:

Storage (MB*)

.8

00 UTC, 12 UTC

3.0
1.8
2.2

00 UTC, 12 UTC
12 UTC
12 UTC

1.6

12 UTC

552.1 MB

MB or megabyte is defined here as 1024 x 1024 bytes.
Unauthenticated | Downloaded 01/09/23 02:03 PM UTC

1558
TABLE 2.

V o l . 68, No. 12, December
Contents of the GALE Project Compact Disc2.

1) Land Surface Reports
a) Surface airways reports (SRRS)
b) NCDC TD-3280 decoded and sorted surface observations
c) PAM network
2) Marine Reports
a) NCDC TD-1129 surface marine observation file
b) North Carolina State University Marine Data Set including
special GALE observations
3) Vertical Soundings
a) National Weather Service radiosonde network
b) NCAR CLASS soundings
c) Omega Dropwindsondes
d) Several additional GALE sounding locations
4) Aircraft Data
a) NOAA P-3 one-second data for all 25 flights
b) University of Washington C-131 one-second data for all
20 flights
c) NCAR Electra one-second data for three flights
5) National Weather Service Precipitation Network
6) Lightning Strike Data

1987

climatological data sets such as the Monthly Global Climatological Data Set (held at the National Center for Atmospheric
Research) and the National Climatological Data Center's State
Climatological Data and Hourly Precipitation publications. One
would also hope that the data gathered in large field experiments
such as the GARP Atlantic Tropical Experiment (GATE), and
the First GARP Global Experiment (FGGE) would all be permanently archived in such a form. Imagery data sets could also
be placed on compact disc; for example, a handful of discs
could store a "quick-look" set of visible and infrared images
covering the continental United States since 1974, the year the
geostationary satellite program began. One can imagine many
other exciting additions to this list. If such compact discs were
created, each university department, government lab or private
firm could have a very significant fraction of the most important
meteorological data sets on a small shelf, and could access the
data quickly and inexpensively. Such distributed data bases
could appreciably lessen demands on future high-bandwidth
communication channels and substantially increase scientific
productivity.

7) Sea-Surface Temperature Analysis
Based on satellite infrared data and put on a 14 km grid by
NOAA/NESDIS
Note: P—pressure, Z—geopotential height, T—temperature, u—
zonal wind component, v—meridional wind component, a>—vertical
velocity. Most of the 1985 grids only run through 4 January, 1985.
2
In general these data sets are for the period 1/15/86-3/15/86 and
cover the eastern two thirds of the United States and the adjacent coastal
waters.

of such large data sets " t o migrate" to large numbers of smaller
computer sytems. One can imagine a time when many of the
data sets now distributed by tape are placed on compact discs
and regularly distributed to the scientific and operational communities. For example, the entire surface and upper-air data
base could periodically be stored and distributed on compact
disc, perhaps once or twice a year. The same could be true of
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