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Abstract
Following the onset of the Kuwait oil fires in early 1991, numerous efforts to monitor and estimate the environmental effects of the
fires were initiated. These efforts produced a diverse set of atmospheric data from airborne, surface-based, and satellite platforms.
Organizers of the experiments, including the World Meteorological
Organization, quickly recognized the value of collecting all data into
a central archive. This paper describes the development of that
archive.
Basic requirements for the archive were that it contain all
pertinent datasets, including detailed documentation about each,
and provide easy access to all interested researchers. The requirements were met by developing a database management system
that contains a catalog of the data inventory and a facility to order
specific datasets. A graphical user interface provides access to the
database. In addition to the basic capability of searching the data
inventory, the system has a number of other features, including a
visual catalog of satellite images, a bibliography of relevant publications, and an extensive metadata collection describing the datasets.
The system is accessible from the Internet or telephone/modem
from a variety of terminal types, making it available to virtually
anyone with a computer. Researchers from around the world have
successfully used the system.

1. Introduction
The burning of the Kuwait oil fields following the
Gulf War in 1991 generated worldwide interest in the
potential environmental impacts of this major anthropogenic pollution episode. The magnitude of the event
was unprecedented, and initial estimates were that it
could take up to two years to extinguish all the fires.
Concern from the scientific community over the possible impacts on regional and global climate quickly
arose (Browning et al. 1991; Bakan et al. 1991).
Heating of the smoke by absorption of solar radiation
suggested the possibility of self-lofting into the stratosphere, where long residence times of the particles
might lead to a nuclear winter scenario.
T h e National Center for Atmospheric Research is sponsored by the
National Science Foundation.
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After the Gulf War ended in February 1991, surveys
of the damage in Kuwait's oil fields began. Over 600 oil
wells in eight fields were actively burning, and over 150
wells were damaged (Robinson 1992, personal communication). An estimated 6 million barrels of oil were
burning per day, emitting more than 3000 metric tons
of soot per day into the atmosphere (Hobbs and Radke
1992). Many of the damaged wells were spewing oil,
forming large pools of oil on the desert surface. Figure
1 is an aerial photograph showing several smoke
plumes and oil pools. Additionally, between 6 and 8
million barrels of oil were discharged into the gulf (AlAwadi 1993, personal communication).
The alarm generated by the potential environmental devastation prompted numerous governments to
offer assistance in assessing the environmental damage. Many of these efforts were coordinated by the
World Meteorological Organization, which organized
a workshop in the spring of 1991 (WMO 1991).
Beginning in March of that year teams from Europe,
North America, Japan, and the gulf region were sent
to monitor various environmental effects. Considering
the short fuse for organizing these projects and the
diversity of agencies involved, the effort was very
successful in obtaining a wealth of measurements
reflecting the impact of the fires.
The various types of measurements collected demonstrate the interdisciplinary interest in the event. Air
chemistry, smoke optical properties, particulate concentrations, and meteorological-state parameters were
monitored from surface-based and airborne platforms.
Experiments were conducted in Kuwait and downwind. Researchers interested in such topics as health
effects, plume dispersion modeling, obscuration caused
by smoke, turbulence induced by the plume, and
detection of smoke from satellite sensors were able to
apply these data to their studies.
Although the nuclear winter scenario did not materialize, the local environmental impacts were found to
be significant, and substantial interest developed in
studying the regional effects of the disaster. Given the
diversity of data sources and the broad interest in this
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•

Facilitate access by remote users to the datasets
and associated metadata.
• Disseminate information about the archive's status
via an electronic bulletin board.
• Maintain software tools for displaying datasets.

FIG. 1. Aerial photograph of burning oil wells in Kuwait. Several
smoke plumes and pools of oil on the desert surface are visible.

dataset, the need for a central archive that would
provide convenient access to all measurements was
quickly recognized. A second World Meteorological
Organization (WMO)-sponsored workshop was held
at the National Center for Atmospheric Research
(NCAR) in July 1991 (Baumgardner and Friesen 1991).
The goal of this workshop was to review the important
datasets that had been collected and to establish a
mechanism for collecting and archiving those datasets
in a central location.
The following sections describe the data management system developed to facilitate easy access to
these data. Section 2 outlines the requirements defined for the system, section 3 gives details of the
design process, section 4 describes the contents of
the archive, and section 5 reviews system usage.

2. Development strategy
a. Requirements for the archive
Attendees at the second WMO workshop identified
datasets for inclusion in the central archive, which was
later named the Kuwait Data Archive (KuDA). They
also discussed methods for collecting, documenting,
storing, accessing, and disseminating data. Datasets
identified included ground-based and airborne measurements of air chemistry, particulate-size distribution, meteorological state, and radiation parameters.
Satellite imagery and model output fields were also
deemed to be of interest. Discussions of methods for
handling the data resulted in the following objectives.
• Assemble detailed documentation of the datasets,
including a data inventory catalog.
• Provide adequate storage space on an easily accessible high-density medium.
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Users of KuDA were expected to represent diverse
disciplines and nationalities. For this reason, it was
imperative that access to the data be straightforward,
that is, requiring only basic computer equipment. The
system needed to be available via the Internet and
telephone/modem from a PC or workstation. Data
distribution could not be limited to the Internet file
transfer program (FTP) or a particular electronic medium. Finally, an extensive knowledge of sophisticated data formats among the users could not be
assumed.
b. Investigation of existing data management systems
At the outset of the project, investigation of existing
data management systems was undertaken. Two
systems that manage meteorological and oceanographic data were studied extensively. The Naval
Environmental Operational Nowcasting System
(NEONS) uses a commercial database management
system (DBMS) together with a high-level logical view
of environmental data to perform comprehensive data
management tasks (Tsui and Jurkevics 1992). The
Management of Atmospheric Data for Evaluation and
Research (MADER) project uses a commercial DBMS
to provide on-line, near-real-time metadata to researchers (McGuirk et al. 1992). Both systems are
UNIX based and built upon the same commercial
DBMS.
Certain design features of both systems were of
interest for this project. The NEONS definition of
generic data types essentially covered all of the data
types that were to be handled. The MADER system's
delineation of metadata types was similar to what was
needed for KuDA. Though it was determined that
KuDA would require features notfound in either NEONS
or MADER, many of the design elements from each
system were incorporated in the KuDA system.
c. Addressing the requirements
Based on the success of NEONS and MADER, it
was determined that most objectives could be met
with commercial DBMS software. The need for detailed documentation of the datasets could be satisfied
by designing an extensive collection of interrelated
tables containing metadata. The data inventory listing,
project status reports, and user profiles and comments could also be stored in database tables. A user
interface built upon the DBMS would allow users to
browse metadata, view the data inventory, place
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orders for data, read status reports, and interactively
enter comments regarding the datasets and/or software system.
Data were contributed to the archive from numerous sources on varying media and in unique formats.
Early in the project, it was realized that defining a
common format suitable for all data types would be
difficult and converting each type of data to that format
would be time consuming. Given the desire for timely
access to the data, it was decided that reformatting all
datasets would be impractical. Instead, each dataset
would be stored in its original format, and software for
reading every dataset would be developed and distributed along with the data. This constraint ruled out the
possibility of providing on-line access to all data, since
ingesting data into the DBMS would have required
format conversions. It also emphasized the need to
maximize the amount of metadata, so that users could
obtain as much information as possible before deciding to order a dataset.
Given the decision to store data off-line, a twocomponent system was conceived (Fig. 2). The
metadata browser, which resides on a Sun workstation at NCAR, is directly accessible by remote users
who want to use the DBMS, electronic bulletin board,
and data ordering system. The data archive, which
resides on NCAR's central mass storage system
(Morreale 1992), is not directly accessible to users.

FIG. 2. Conceptual design of the Kuwait Data Archive system. The
metadata component is accessible to users. Most datasets are
maintained off-line.
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The physical locations of the archived files are stored
in the DBMS for the convenience of the staff.
A later modification to the system has allowed online access to satellite images. Because it is convenient for users to see an image before deciding to
order it, reduced-resolution digital satellite data have
been stored directly in the DBMS, and a graphical
application has been written for displaying the images
from the user interface.

3. System design and development
a. Management of metadata
The KuDA metadata management system was
designed using the relational database model (Korth
and Silberschatz 1991). In this model, metadata are
stored in a large number of tables related by an
attribute, or group of attributes, referred to as the
"primary key." The tables are logically organized into
five groups referred to as "domains." Each domain
encapsulates a specific class of information and consists of many interrelated tables that share a domainspecific primary key. Interdomain relationships are
expressed in a table that contains the primary keys of
the pertinent domains. These relationships increase in
complexity (aggregate) as they descend through the
model. This inheritance allows information from any
previous domain to be accessed directly from any
subsequent domain. Figure 3 shows the high-level
relations between domains and the keys that relate
them to each other. The content of each domain is
described below.
The data source domain contains information describing a data-producing entity (e.g., a measurement
platform or numerical model). This information includes static descriptions, such as the name and
location of a platform and the agency that is responsible for it. It may also include dynamic information,
such as the suite of sensors on the platform and the
parameters measured, which may vary from project to
project.
The project domain contains general information
summarizing project operations. Examples are the
dates, locations, participants, and platforms used in
the project. For the KuDA effort, only one project has
been considered, but the project domain was included
to accommodate multiple projects for future use.
The event domain associates a data source with
discrete data-gathering events, thus joining spatial
and temporal metadata with the data source. This set
of tables contains detailed descriptions of individual
events (e.g., an aircraft flight, a model run, or a satellite
image). In addition to the basic time and location
information, the event domain also includes observer
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notes associated with a dataset and a record of
problems noted by users with a dataset.
The user domain stores personal profiles of each
user who accesses the system. The information includes names, addresses, preferred method for receiving data, research interests, and dates and duration of system access.
Finally, the data inventory domain is the place
where all primary keys are stored in indexing tables.
Each dataset is uniquely described by a projectjd,
data_sourceJd, and e v e n t j d tuple, and each dataset
has a single entry in a table within this domain. The
entry also contains the physical location of the dataset
in the archive. This table is accessed when database
searches are executed. Searches are much more
efficient than they would be if information were being
derived from all domains. Records of data orders are
maintained similarly. Each order is represented by a
u s e r j d and an o r d e r j d (which is linked to a group of
dataset tuples). Every time an order is placed, a new
record is appended to the appropriate table.
A further division of the metadata occurs in the data
source and event domains. Three data classes, simi-

FIG. 3. Conceptual design of the metadata component of the
Kuwait Data Archive system. Each box represents a domain. Key
attributes that relate the domains are printed between the boxes.
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lar to the data types defined in NEONS (Tsui and
Jurkevics 1992), are used. The classes are trackline/
point, gridded, and image. Defining these classes
allows for different descriptive configurations (i.e., a
varying set of attributes) that can more accurately
characterize each kind of data. Further discussion of
the data classes is given in section 4.
b. The user interface
The user interface is a graphical application that
allows access to metadata in the DBMS from a variety
of remote terminal types. The application is written in
Empress fourth generation language (4GL) and C in
the MIT X windows environment. The application
consists of a series of screens that represent "views"
to the database over several domains, thus presenting
a high-level abstraction of the domain-based table
structure. It provides users with a means of viewing
the extensive metadata collection, searching the data
inventory, placing orders for data and tracking their
orders, displaying satellite images, reading status
reports, and interactively entering personal profiles.
Use of the application is straightforward, with numerous on-line help screens explaining how to use the
system properly.
When logging in to the system for the first time, a
user is presented with a registration screen. Personal
information is entered at this point and stored in the
user domain tables. Following registration, the main
menu appears (Fig. 4). This menu serves as the hub
for all options, including searches of the data inventory, order tracking, and status report display.
The search data inventory screen is shown in Fig.
5. This two-part window allows entry of spatial and
temporal search criteria in the upper part and specification of data type in the lower part. The lower part of
the window, referred to as the "data class subwindow,"
is patterned after the data class definitions given in
section 2b. In Fig. 5, the trackline/point data class is
highlighted, and the attributes listed (type, agency,
platform, etc.) are associated with that data class.
Pop-up menus list the available choices for each
attribute, so the user selects values from a menu
rather than entering characters from the keyboard.
Attributes can be specified in any order and may be left
blank if desired. The pop-up menus are configured
dynamically so as to reflect previous choices. For
example, once a user has selected "aircraft" as the
value for the "type" attribute, subsequent pop-up menus
for the other attributes will list only values that pertain
to aircraft platforms. The advantage of this feature is
that it prevents users from specifying combinations of
values that produce empty searches. It can also be
used to obtain information about a given platform. In
the example shown, the NCAR Electra has already
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age if the resulting dataset list included any images.
After reviewing all this information, users then make a
decision about which datasets to order.
Additional features of the graphical application allow users to enter comments about a particular dataset,
so other users can benefit from their experiences with
the data. A list of relevant publications can be searched
by author or key word, and users are encouraged to
enter new titles. The application interfaces with the
Internet mail facility, allowing users to mail hard copy
listings of various screens (e.g., the dataset selection
window) to themselves and to send messages to the
KuDA staff.

FIG. 4. The main menu of the Kuwait Data Archive metadata
browser (user interface).

c. Management of data
As noted in section 2c, the data archive is physically
separate from the DBMS and user interface. All data
files are stored off-line on NCAR's mass storage
system (Morreale 1992), a library of IBM cartridge
tapes loaded by a robotic device. (The exception is
satellite data that are also stored in the local file
system for interactive display.) The files are stored in
a directory structure that matches the data model used
for the metadata database design. For example,each
data class (trackline/point, gridded, image) represents a
separate branch in the directory tree. File names
are automatically generated by concatenating strings of
metadata attribute values stored in the DBMS.

been specified, so the pop-up menu for the "parameter" attribute will give only a list of parameters measured by that platform. Conversely, if a user wanted to
know which platforms measured a given parameter d. Data ordering and distribution
(e.g., temperature), he/she would first go to the paAs orders are placed by users, pertinent attributes
rameter pop-up menu and select "temperature" as the such as user name, date of order, dataset identifiers,
value. Then the platforms pop-up menu would list only and media requested are appended to an existing
platforms that measured temperature.
After specifying the desired
attribute values in the search
data inventory screen, users
have two options. First, they may
display additional metadata pertainingtotheirselection by pressing the function key associated
with the view data source info
command. This function will extract metadata from the data
source domain and display it on
another screen. The second
option is to execute a search of
the data inventory. When the
search is complete, a list of
datasets matching the specified
attribute values will be displayed.
At this point, users can again
FIG. 5. The search data inventory screen of the Kuwait Data Archive metadata browser (user
display metadata describing the interface). Specification of time, location, and/or data class allows users to define a customized
dataset or display a satellite im- search of the data inventory.
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table within the data inventory domain of the DBMS.
The information in this table is reviewed daily by staff
with the aid of a separate 4GL-based interface that
also draws upon tables containing user profiles. New
orders are filled as soon as possible, and shipping
dates are recorded in this table once an order has
been filled. Information about orders is kept indefinitely for purposes of monitoring interest in specific
datasets and for notifying users of any problems that
might arise with a dataset after it has been delivered.

following sections give specific examples of datasets
archived in each data class.

a. Trackline/point data class
Trackline/point datasets were obtained from a variety of institutions. Aircraft measurements taken by
NCAR, the University of Washington, the British Meteorological Service (Meteorological Research Flight),
the U.S. Department of Energy (Battelle Pacific Northwest Laboratory), and the German Ministry of Environmental Protection (UMWELT-DATA GmbH) are currently part of the archive. They include measurements
e. Documentation
Various forms of system documentation have been of atmospheric-state parameters, air chemistry, radiaassembled. Use of the metadata browser is fully tion, and aerosols/cloud physics (Hobbs and Radke
described in a user's manual available from NCAR. 1992). The experimental periods and number of flights
On-line help is also available as users work through archived for each aircraft are listed in Table 1.
the metadata browser. A "novice mode" enables new
Figure 6 is an example of measurements from the
users to execute the software with detailed instruc- NCAR Electra on 2 June 1991 (0636-0727 UTC). In
tions provided throughout. More experienced users the upper left quadrant is a flight track showing the
can disable the novice mode and work with only path of the Electra as it made repeated passes through
minimal instruction. Additionally, a software mainte- the smoke plume at levels ranging from 1000 to 2500
nance manual has been compiled to describe in detail m. The time series plot in the lower left quadrant shows
the design and maintenance of the databases and particle concentration in the size range 0.5-47 ^m
associated code. Finally, general information about (upper curve) and sulfur dioxide concentration (lower
KuDA is provided both in a quarterly newsletter that is curve) measured during a segment of the flight. The
distributed to a comprehensive mailing list and in on- upper right quadrant is a plot of wind speed and
line status reports.
direction as a function of altitude. A similar plot of
temperature and dewpoint temperature (lower right
quadrant) reflects the warm and dry conditions on that
day.
4. Data inventory
Surface meteorological observations and upper-air
In a manner consistent with the metadata DBMS soundings are available for the standard observing
design, archived data are divided into three classes: stations in the gulf region. The upper-air measuretrackline/point, gridded, and image. The trackline/ ments include pressure, temperature, dewpoint depoint data class includes measurements collected at pression, and wind speed and direction (in most
a fixed point or along a line. Examples are aircraft cases) at mandatory and significant levels. Surface
measurements, surface observations, and shipboard observations include the same variables, along with
measurements. The gridded data class includes three- cloud cover, visibility, and daily minimum and maxidimensional model output fields. The image data class mum temperatures. Figure 7 is a map showing locais composed of registered satellite data but could, in tions of the surface and upper-air observing stations.
principle, include radar and lidar images as well. The The time period covered by these observations is
January-December 1991,
though some stations reported sporadically or were
TABLE 1. Summary of aircraft operations during the Kuwait oil fires.
embargoed during the war.
Special air quality moniAircraft name
Experimental period
Number of flights
toring sites were established after the fires beMeteorological Research Flight C-130
23-31 March 1991
gan. Such measurements
taken by the Saudi AraUniversity of Washington Convair
19 May-12 June 1991
15
bian Meteorological and
NCAR Electra
14
19 May-4 June 1991
Environmental Protection
German MEP Piper
17
20 May-6 June 1991
Agency at various sites in
12
Battelle (U.S. Department of Energy)
2 - 1 7 August 1991
Saudi Arabia and Kuwait
are currently part of the
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FIG. 6. Plots of selected parameters measured by the NCAR Electra on 2 June 1991. Shown are aircraft position (flight track) in the upper
left quadrant, particle concentration and sulfur dioxide concentration as afunction of time (lower left), wind speed and direction versus altitude
(upper right), and temperature and dewpoint temperature versus altitude (lower right).

archive. Numerous other groups collected air quality
data during limited time periods. Many of these datasets
are available. Surface-based radiometric measurements sponsored by the U.S. Defense Nuclear Agency
and meteorological measurements from a set of towers installed by the National Oceanic and Atmospheric
Administration (NOAA) Air Resources Laboratory have
also been archived.
b. Gridded data class
Gridded fields from the U.S. National Meteorological Center global forecasting models have been
archived for subsets of the period January-December
1991 over a variably sized region centered on the gulf.
Each set of model output includes fields of temperature, humidity, pressure/height, and wind velocity components. Table 2 lists resolution, vertical levels, time
period covered, and the number of model runs archived
for each gridded dataset. In general, only analysis
fields have been archived; the exception is the special
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Medium Range Forecast dataset, which also contains
6-h forecast fields.
c. Image data class
High-resolution digital satellite images compose
the largest single class of data in the archive. The data,
all from polar-orbiting meteorological satellites, are
summarized in Table 3. Much of the high-resolution
satellite imagery was collected by a commercially
available ground station operated by the U.S. Air
Force in Saudi Arabia. This station collected an extensive digital archive of High Resolution Picture Transmission (HRPT) imagery from four NOAA polar-orbiting satellites (NOAA-9, NOAA-W, NOAA-11, and
NOAA-12), as well as Operational Linescan System
(OLS) imagery from three satellites in the Defense
Meteorological Satellite Program (DMSP) (Klein etal.
1992). These datasets were augmented with local
area coverage (LAC) digital imagery acquired from
NOAA archives.
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FIG. 7. Locations of surface observing stations and upper-air observing stations. Upper-air stations are marked by open squares and the
name of the station. Surface stations are marked by filled triangles. The large box centered on the gulf outlines the 1200 km x 1200 km region
for which high-resolution satellite imagery is available.

LAC and HRPT datasets are both made up of highresolution (1.1 km at nadir) multispectral (five channel)
imagery obtained by the Advanced Very High Resolution Radiometer (AVHRR) flown on the NOAA
polar-orbiting satellites. To facilitate use of these data

by scientists not having access to sophisticated satellite processing software, each digital image in the
KuDA archive was hand navigated and registered to a
standard latitude-longitude grid covering a 1200 km x
1200 km square centered on the gulf. This satellite

TABLE 2. Description of model datasets in the Kuwait Data Archive.

Model

Time period
(number of runs)

Horizontal
resolution

Temporal
resolution

Number of levels
(vertical coordinate)

NMC MRF analysis

1 January-31 December 1991 (723)

2.5°

12 h

12 (pressure)

NMC special MRF runs

22 July-16 September 1991 (201)

91 km

6h

10 (sigma)

NMC spectral

6 March-25 September 1991 (718)

1.125°

6h

11 (sigma)

NMC flux fields

7 March-31 December 1991 (1164)

0.93°

6h

4 (height)
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FIG. 8. LAC visible (0.63/im) image from the NOAA-10 AVHRR showing advection of smoke plumes from Kuwait toward the southeast.

analysis domain is outlined in black in Fig. 7. All five
AVHRR channels are available, with each registered
to the same 1200 x 1200 data grid. An example is
shown in Fig. 8; this early-morning channel 1 (0.63
jum) image from NOAA-IOon 26 May 1991 shows the
smoke advecting to the south and east. OLS data
from the DMSP satellites are available from two channels (visible and thermal IR). The OLS visible data
have a resolution of 550 m (at nadir), while the corresponding IR data have a resolution of only 2.7 km. In
both cases, however, the data have been gridded to
an identical 2400 x 2400 array, covering the same
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geographical domain as was used for the AVHRR
processing.
Although the LAC, HRPT, and DMSP data provide
an extensive collection of imagery over the gulf, the
coverage is not consistent throughout the year. Therefore, the image archive has been further augmented
with a complete set of daily afternoon images from the
NOAA-11 satellite. The images are a reduced-resolution (4 km at nadir) subset of AVHRR data and have
been processed over a larger domain (a 621 x 441
array covering the region from 12° to 40°N and from
38° to 60°E).
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in a variety of ways including FTP or magnetic media. Small datasets can be
delivered on paper or via
Number of images
Time period
Spatial resolution
Image type
electronic mail, and hard
copies (slides) of satellite
524
4 km
1 January-31 December 1991
NOAA-GAC
images are available in
203
1 km
6January-21 December 1991
NOAA-LAC
limited numbers. Special303
1 km
NOAA-HRPT
7 March-26 November 1991
ized software for reading
126
0.5 km
DOD-DMSP
8 March-29 September 1991
digital data is provided
with each order, and assistance from the KuDA
staff is available if necessary. Currently there is no cost for obtaining data.
d. Reference data
Since the metadata browser came on-line in the
Supplementing the three data classes is another
type of data known as reference data. The datasets spring of 1992, over 300 users have accessed the
are not actual atmospheric measurements but may be system. They have ordered and received more than
needed in support of researchers studying the atmo- 20 GB of data. The satellite imagery and aircraft
spheric data. Current reference datasets include a measurements have been ordered most frequently,
weekly inventory of numbers and locations of burning but all of the datasets have been requested. System
oil wells, a summary of Kuwaiti crude oil composition, usage has been fairly steady as depicted in Fig. 9,
a list of publications related to the Kuwait oil fires, which shows number of log-ins per month for a 12digital terrain data, and digital coastline location data. month period during 1992-93. Approximately six to
eight new users access the system each month,
demonstrating a continued interest in the scientific
value
of this data collection.
5. System access and usage
Users of these data represent a wide range of
Access to KuDA is provided to both local and disciplines and have used the data for a variety of
remote users through a dedicated workstation (Sun applications. Kuwait oil fire data have been applied to
SparcStation 1+) that runs the metadata browser. research on plume dispersion model verification
Users may connect with the KuDA workstation and run (McQueen and Draxler 1994), turbulent properties of
the metadata browser from a variety of terminals, the smoke plume (Cooper 1992), optical properties of
including PC and Macintosh (using terminal emulation
software), VT100 character-based displays, and workstations running X windows. (Other terminal configurations are supportable upon request.) The KuDA
workstation is available via the Internet or telephone/
modem. The system may be accessed overthe Internet
using the commands
TABLE 3. Description of satellite imagery in the Kuwait Data Archive.

telnet 128.117.84.65
login: kuda
password: science
A toll-free number is available to U.S. users connecting by telephone and modem; other numbers are
available to international users. Baud rates of 1200,
2400, and 9600 are supported. Users in the United
States, Europe, the Middle East, and Asia have successfully connected to the workstation.
Information describing each dataset is readily available through the metadata browser as explained in
section 3. After perusing the information, the user can
place an order that will be processed by a KuDA staff
member. The digital data can be delivered to the user
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FIG. 9. Histogram of system usage showing the number of times
the KuDA metadata browser has been accessed each month during
the period October 1992-September 1993.
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the smoke (Laursen et al. 1994), regional climate
effects (El-Shobokshy and Al-Saedi 1993), and health
effects of the smoke.

6. Summary
Following the data collection efforts related to the
Kuwait oil fires, a data archive and on-line access
system were implemented. Atmospheric and supporting data have been acquired from a variety of sources
and have been cataloged in a relational database. An
associated user interface provides access to the
database. The system offers nine features to assist
the user in locating and ordering data:
1)
2)
3)
4)
5)
6)
7)
8)
9)

data inventory searches,
display of metadata,
visual catalog of satellite images,
on-line data ordering,
off-line data distribution via FTP or magnetic media,
access via the Internet and telephone/modem,
bibliography searches,
exchange of messages between staff and users,
and
customized software for reading each dataset.

KuDA datasets will be maintained on NCAR's mass
storage system indefinitely, though on-line access will
be offered only through fiscal year 1994 or as funding
permits. Acquisition of additional datasets will continue as researchers make their data available to the
archive.
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Atmospheric chemistry a n d transport
a r e usually strongly linked. This
linkage occurs on all atmospheric
scales, ranging f r o m molecular,
turbulent, a n d mesoscale p h e n o m e n a
up through processes t h a t a r e g l o b a l
in extent. This 1 9 9 4 conference is the
progressive o u t g r o w t h of a 1 9 9 3
symposium addressing these
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