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Abstract

Over the past several years, the Department of Atmospheric
Sciences at the University of lllinois has developed a computerized
weather laboratory that permits interactive access to real-time data
from observing sites around the United States and to output from
numerical weather prediction models at the operational centers.
Such a setup, with timely access to observations and numerical
model forecasts from any networked terminal, personal computer,
or workstation, is a valuable tool for education and research in
meteorology. The University of lllinois system acts as a real-time,
on-line, in-class instructional meteorology laboratory for students.
The data-display software is based on the X-windows protocol,
which is network transparent and system independent.

In addition to software packages distributed by the University
Data Project (UNIDATA), software tools developed by the National
Centerfor Supercomputing Applications and the University of lllinois
are used to display, animate, and manipulate conventional maps,
satellite images, and radar summaries. The underlying idea is to
bring every product from a traditional synoptic laboratory to any
desktop computer residing on the network.

An overview of the University of lilinois prototype for a paperless,
desktop synoptic lab, together with the details of the hardware and
software involved, is presented here, along with some examples of
its use in teaching and research.

1. Introduction

Like any other meteorology program, the gathering
and analysis of current meteorological data is an
important part of the Department of Atmospheric Sci-
ences’ (DAS) activities at the University of lllinois (Ul).
Over the past several years, DAS has developed a
computerized weather laboratory that permits interac-
tive access to a wide range of weather data. Such a
setup, with timely access to observations and numeri-
cal model forecasts from any networked terminal,
personal computer, or workstation, is a valuable tool
for education and research in meteorology. Whereas
otherdisciplines, such as physics and chemistry, have
specialized laboratories and equipment, in meteorol-
ogy the atmosphere is the laboratory, and the observ-
ing platforms and the analysis—forecast systems con-
stitute the equipment.
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Until a few years ago, the university community was
receiving analyses and forecasts from the National
Meteorological Center (NMC) in the form of low-
quality facsimile maps. However, due to advances in
computer technology and the concomitant increases
in computer power, the meteorological community has
been moving toward a more decentralized, distributed
method of data collection and analysis. The impetus
for such a move has come about as a resuit of the
University Data Project (UNIDATA), supported by the
National Science Foundation, which has made it pos-
sible for university departments, both large and small,
to collect, store, analyze, and display meteorological
data by providing software, technical assistance, and
relatively low-cost access to weather data.

The Ul weather system was developed as part of
ongoing teaching and research activities with equip-
ment and financial support from NSF, Apple Computer
Inc., and Ul. The current system is being used as a
real-time, on-line, in-class instructional meteorology
laboratory for students. One of the unique aspects of
the Ul system is that the data distribution is entirely
network based. Incoming products, including text,
graphical products, and images, are ingested and
processed by a pair of data servers in DAS, with the
resulting products made available via the campus
network to any computer or terminal running X-win-
dow System’ server software. Raster image products
created by the DAS data servers can also be sent to
Apple Macintosh? computers, where they can be dis-
played with public-domain software. The underlying
ideais to bring every product from a traditional “synop-
tic lab” to any desktop computer residing on a network.
This secondary distribution system of both raw as well
as value-added products, which is conceptually simi-
lar to the UNIDATA prototype (Domenico 1991), pro-
vides access to meteorological information to a much
broader community of users in near-real time.

'The X-window System, or simply X-windows, is an industry-stan-
dard, network-transparent window system that allows multiple appli-
cations to run simultaneously in windows, generating text and
graphics in monochrome or color on a bitmap display. In addition,
because X-windows permit applications to be device independent,
applications need not be rewritten to work with new display hard-
ware.

2Any Macintosh with at least an 8-bit graphics board can be used to
display raster and X-window images.

Vol. 73, No. 7, July 1992



University of lllinois

Department of Atmospheric Sciences

=

NSF/UIUC Funded
HP Apollo 720

%

[Satellite Receiver]-——>

=

|Weather Station

HP 9000/835

0 O O

Unix Workstations

Macintosh Computers

=

UIUC Organizations

[ Computer Services Office

‘ Integrated Teaching
Systems Classrooms

National Center for
Supercomputing Applications

[—— School of Aviation

L— State Water Survey

Fia. 1. A schematic diagram of the Department of Atmospheric Sciences computer facility.

2. Departmental and campus facilities

The weather-data processing is handled by a pair of
powerful Hewlett-Packard RISC-based® computers,
an HP 9000/835 SRX minicomputer and an HP 9000/
720 workstation, both of which are connected to the
campus network and run the Unix operating system.
With the emergence of Unix as a de facto standard
operating system for scientific and engineering com-
puters, we, along with a large part of the scientific
community, have in recent years been migrating to-
ward Unix-based computers, and away from propri-
etary systems. A schematic of the departmental facility
is shown in Fig. 1, while Table 1 summarizes the most
notable hardware and software components of the two
HP computers. Together, they process all of the
-incoming data, including those from the National
Weather Service (NWS) Domestic Data Plus (DD+)
line, Federal Aviation Administration 604 circuit, and
the UNIDATA McIDAS channel. The HP 835 SRX, in
addition to assisting the HP 720 in gathering weather
data, is also our general-purpose departmental com-

SRISC is an acronym for Reduced Instruction Set Computer, a
relatively modern concept that has been embraced by the computer
industry to improve the efficiency and performance of microproces-
SOrs.
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puter, whereas the HP 720 (rated at 59 MIPS?) is solely
dedicated to collecting, analyzing, and displaying real-
time weather data. The HP 720 has been configured
with enough disk space to store over a month of
weather data on-line. The data is archived either on a
digital audio tape (DAT) or an erasable optical disk. In
compressed mode, the DAT medium can store up to
5 GB of information on a single 4-mm cassette, which
amounts to over six months of the data we normally
archive at Ull In addition to these two departmental
computer systems, many faculty members have their
own Unix workstations or personal computers. Right now,
there are eight workstations and 45 Macintoshes in DAS.

The department network provides 10 Mbps Ethernet
access to all offices in the building. The department
networkis linked to the Ul computer network, UIUCnet,
through the department gateway. UIUCnet is a high-
speed, campuswide, fiber-optic network operating at
80 Mbps. UIUCnet offers a wide array of networking
resources, including access to the National Center for
Supercomputing Applications (NCSA), which oper-
ates a Cray Y-MP4/464, a Cray-2, and a Connection
Machine. UIUCnet also provides access to the com-
puters operated by the Ul Computing Services Office
and national networks such asthe Internetand BITnet.

“MIPS stands for millions of instructions per second.
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TasLe 1. Hardware and software details of the DAS computers

HP 9000/835 SRX HDF 3.10 UIUC NCSA ftp.ncsa.uiuc.edu Public domain
o 16-MB memory Image 3.1 UIUC NCSA ftp.ncsa.uiuc.edu Public domain
® (3) 571-MB disks Wxmap 1.15 uluC CSO uxc.cso.uiuc.edu Public domain
e 1/2" 6250 tape XGKS 2.4 UIUC/UNIDATA unidata.ucar.edu Public domain
® 19" color monitor LDM 2.0 UNIDATA unidata.ucar.edu UCAR copyright
HP 9000/720 GRX McNAB 1.8 UNIDATA unidata.ucar.edu UCAR copyright
@ 32-MB memory netCDF 1.18 UNIDATA unidata.ucar.edu UCAR copyright
® (2) 1.6-GB disks WXP 4.3 Purdue/UNIDATA unidata.ucar.edu Purdue copyright
® 4-mm DAT tape MacX 1.1 Apple — Apple copyright
o CD-ROM drive NCAR 3.0 NCAR — UCAR copyright
e 19" grayscale X11R4 MIT export.lcs.mit.edu Public domain

3. Products

The department’s synoptic lab has conventional
receivers and printers for NWS digital facsimile (DIFAX)
products and Geostationary Operational Environmen-
tal Satellite (GOES) images, but the primary goal of
DAS efforts has been to make all weather products
available to any workstation or personal computer on
campus. It was necessary to view not only DIFAX
charts and GOES images, but also current weather
observations, surface and upper-air maps, upper-air
soundings, animated GOES image sequences, and
animated radar summaries from any workstation on
the campus network. We succeeded by using readily
available hardware and UNIDATA and public-domain
software packages. Table 2 lists the equipment pres-
ently available in our synoptic lab. The product pipe-

TasLE 2. Equipment in the DAS synoptic laboratory

Alden D100 DIFAX weather system based on Wang 80286
personal computer

Alden Digital Printer Interface

Hewlett-Packard Laserjet |l printer

Macintosh IIFX with 8-MB memory and 240-MB disk space
Syquest 42-MB removable-cartridge drive

Hewlett-Packard SRX 19" color graphics monitor

UPI Unifax satellite imagery receiver

Heath Advanced Weather Computer

Videocassette recorder

Cable TV (for receiving the Weather Channel/Springfield Radar)

946

lines for the various meteorological products pro-
duced at Ul are shown in Table 3 and are discussed
below.

a. DIFAX charts

The NWS facsimile charts are received in the
synoptic lab with an Alden D100 weather-chart sys-
tem. The maps are displayed on an IBM-compatible
personal computer, printed on an HP Laserjet printer,
and hung in the synoptic lab. The Alden D100 system
can also be used to call up recent charts for viewing
and has its own menu of preselected products. Digital
rasterimages of the DIFAX charts are loaded to the HP
720 weather server using a Network File System
(NFS) link, where they can be accessed over the
network by different display programs. With this facil-
ity, all of the NWS analyses and forecast products
available in facsimile form can be displayed on a
workstation screen. It is possible to do a completely
“paperless” weather briefing anywhere on campus
using a Macintosh or Unix workstation.

b. Satellite images

Digital satellite images from the PC-McIDAS chan-
nel, broadcast by the University of Wisconsin at Madi-
son, are captured using the Mcnab software from
UNIDATA. The images are stored on the weather
server, where the base map is added and sectors are
created. The completed images can then be accessed
from any workstation. The images are downloaded
automatically to a Macintosh lifx in the synoptic lab,
where NCSA Image is used to display animated se-
quences of sectorized or half-disk images. Macros
display the most recent satellite or radar loop at the
press of a single button. This has proven to be very
useful for synoptic and satellite meteorology courses.
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27 March 1991
10:00 UTC

Fia. 2. A color-enhanced satellite image showing the comma-shaped cloud pattern

associated with a midiatitude cyclone at 1000 UTC 27 March 1991.

At present, images can be displayed at any worksta-
tion on the campus network by using an X-windows
display program (xwud). Figure 2 shows an example
of a color-enhanced satellite image. We plan to use
NCSA Xlmage for this purpose in the future, since it
provides animation as well as single-image display.

c. Maps and charts

Software for displaying maps and charts includes
wxp, from Purdue University (distributed by UNIDATA),
and wxmap, an X-windows-based program devel-
oped at Ul by one of the authors (Kline). These
products are usually easier to read than facsimile
maps, since they are generated for the appropriate
device. They can also be customized
tothe user’s preferences. Wxmapcan
display surface weather maps, includ-
ing fronts, watch boxes, and the na-
tional radar summary. Wxmap pro-
vides options to control the region to
be displayed, the number of stations
to be plotted, the type of observations
to be plotted, etc. A sample wxmap
display is shown in Fig. 3. If run from
a non-X environment, it can still be
used to look up a variety of textual
information, such as weather condi-
tions from around the country, and to
read forecasts, but the option to draw
the maps is disabled.

An objective analysis program,
developed by another one of the au-
thors (Jewett), is also run on the
weather server every hour to produce
images from U.S. and Canadian sur-
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face weather reports. This program
generates a six-panelimage, over-
laid with a United States back-
ground map, depicting tempera-
ture, pressure, dewpoint, wind
speed, wind direction, and mois-
ture flux convergence. The hourly
images are then downloaded to
selected Macintosh computers on
campus, where they can be ani-
mated. The six-panel image can
also be displayed from any work-
station using X-windows. An ex-
ample of this product is shown on
the front cover of this issue. Since
it is well known that moisture con-
vergence is an excellent indicator
of near-term thunderstorm activity,
the six-panel image is one of the
more popular products during the
spring and summer months.

d. Radar summaries

Wxmap is used to generate hourly national radar
summaries, which are stored and distributed much
like the satellite images. Animated sequences of radar
images can be displayed on Macintoshes or worksta-
tions, just like the satellite images.

e. Current weather observations

Command line utilities are available for displaying
current observations. These can be accessed from
any "dumb" terminal. Most larger campus computers
also have a utility called ph, which acts as an on-line

Fic. 3. A sample wxmap display, showing surface observations, severe weather
watches, radar echo intensities, location and type of fronts, and position of highs and
lows.
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TasLe 3. A table of product pipeline for the various meteorological products at the University of lllinois

Wxp DD+ LDM on HP X-Servers

Wxmap DD+ Local ingestor on HP X-Servers

Satellite images PC-McIDAS Mcnab on HP NCSA Image or X-Servers
Radar summary loops DD+ Local ingestor and wxmap on HP NCSA Image or X-Servers
DIFAX charts DIFAX Wang PC to X11 toolkit on HP via NFS ~ NCSA Image or X-Servers
Six-panel surface map DD+/FAA 604 LDM and local software on HP NCSA Image or X-Servers
Current NWS observations DD+/FAA 604 LDM and local software on HP X-Servers or dumb terminals
Miscellaneous text products DD+/FAA 604 LDM and local software on HP X-Servers or dumb terminals
Heathkit observation Heathkit station Local software on HP X-Servers or graphics terminals

campus telephone book. Ph can also be used to
access the weather database to get current observa-
tions and forecasts. The freeware Macintosh elec-
tronic mail program, Eudora, developed at Ul, in-
cludes a phcommand, so users need not even log on
to a workstation or mainframe. Station reports are
decoded for the user automatically by ph. Local sur-
face observations gathered by the DAS Heathkit

D.A.S. WEATHER 12/21/90 0000

| ! ! 1 1 1 i ] ] Il i } 1 1

-2359 UTC

weather station, in addition to being displayed in the
synoptic lab, are also stored on the HP 835, where
they can be accessed over the network. Both current-
day observations (up to the latest minute) as well as
past data can then either be listed or plotted in time-
series form. The high-resolution time-series plots, like
the one shown in Fig. 4 for a gravity-wave event, have
been found to be extremely illuminating. They help
students better understand the
cause-and-effect relationship be-
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A myriad of programs have also
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been developed to browse through
the DD+ database both quickly and
easily. For example, a program
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Fic. 4. A high-resolution time-series plot of surface observations recorded at University
of lllinois campus in Urbana, lllinois, during a gravity-wave event in December 1990.
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and saved separately. This allows
users (with, minimally, dumb text
terminals) to retrieve these prod-
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ucts quickly with a single command (e.g.,
“‘newrad” prints the latest radar repons

from Marseilles, lllinois, and St. Louis,
Missouri, the two closest NWS radar sites
to Champaign).

IBM PS2

4. Uses of the Ul
weather system

a. Teaching

Althoughthe products mentioned above
are currently in various stages of develop-
ment and implementation, they have al-

et |

I SYSTEMS ]NTERFACEI

NEC UDC-1000
IMPROVED DEFINITION
CONVERTER

NEC DP-5200 'DATASMART
REAR PROJECTION SYSTEM

ready had a significant, positive impacton  VIPEOOVERHEAD
ourteaching. Forinstance, they have made I:'::L]
it possible for the faculty and students to

VIDEO SLIDE

use real-time data, including satellite and
radar imagery, in the classrooms and for
homework assignments—a capability that
was not readily available until now. For
example, in many courses the students
now perform near-real-time case studies using exist-
ing on-line software and data. Since these products
are available on the network, students can walk in to
any microcomputer site on campus and generate their
own maps and analyses. The students find such active
involvement in quantitative analysis and display of
meteorological data much more exciting and educa-
tional than simply photocopying maps and data from
the departmental archives, in which they are just
passive recipients of information prepared by faculty.

In another course, taught to engineering and sci-
ence majors, students use meteorological data to
learn about weather phenomena and compare physi-
cal theories to real-world events. Because the atmo-
sphere is three-dimensional and evolves rapidly in
time, it is very important to be able to see the space-
and time-dependent structure of weather systems.
Students often have difficulty visualizing and under-
standing three-dimensional, time-dependent phenom-
ena, a skillthatis important in many fields. Rather than
having students look at two-dimensional snapshots of
atmospheric motion, the Ul weather system has made
it possible to create animated loops of satellite images
and radar-reflectivity maps. Improved visualization
tools have helped bridge the gap between abstract
mathematical formulation of a physical problem and
the observed physical system.

b. Integrated teaching systems classroom

To demonstrate its commitment to computer-aided
education, the Ul has created an educational unit
known as the Educational Technologies Assistance
Group (ETAG), whose main responsibility is to provide
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Fia. 5. Equipment available in an integrated teaching systems classroom at the
University of lllinois.

instructional microcomputing services to faculty. As a
complement to the DAS weather system, the ETAG
has equipped selected classrooms around the cam-
pus with an assemblage of integrated teaching sys-
tems (ITS), such as microcomputers and multimedia
presentation aids. Figure 5 depicts the equipment
available in a typical ITS classroom. A great advan-
tage of the ITS classrooms is that several different
media, such as videotapes, slides, and computer-
generated images, can be effectively integrated into a
presentation with little difficulty. The combination of
three facilities—the departmental weather-data sys-
tem, the campus network, and the computer-equipped
classrooms—allows us to display various meteoro-
logical products and current weather data directly
during lectures to large classes. Such a capability
provides much greater versatility for real-time graphic
demonstrations than displays of photocopied,
pregenerated facsimile maps.

¢. Research

The above weather system has also played a
crucial role in research activities at Ul. In particular, it
has made it possible to conduct synoptic and me-
soscale meteorology research far more expeditiously
than before. A specific example is the positive impact
it has had on the University of lllinois Winter Precipita-
tion Program (UNIWIPP) research activities (Rama-
murthy et al. 1991). To obtain a better understanding
of the role of synoptic-scale disturbances in organizing
mesoscale precipitation in the midwestern United
States during the winter season, the UNIWIPP field
experiment was conducted over a period of three

949



winters between 1988 and 1990 by the investigators.
The products from the Ul weather system were not
only useful in forecasting/nowcasting during the field
project, but were also invaluable in the subsequent
data-analysis stage. For example, during the entire
field phase of this research, the Ul weather system
significantly aided the real-time monitoring of weather.
Itenabled the investigators to identify key synoptic and
mesoscale features and accordingly adapt their field
operations and logistics. Another by-product has been
its extensive use in the subsequent research activities
related to UNIWIPP. Thus far, atleast four M.S. theses
have directly benefited from the capabilities of the Ul
weather system.

d. Nowcasting and forecasting

As mentioned above, these products were im-
mensely usefulin real-time monitoring and nowcasting
of precipitation during the UNIWIPP field experiment.
Another project to benefit from the Ul weather system
is program STORMTYPE (Storm Type Operational
Research Model Tests Yielding Predictability Evalua-
tion). The goal of this experiment, conducted during
late April-May 1991 as part of the Central Oklahoma
Profiler Studies (COPS 91) program, with collabora-
tion between researchers from Ul, the University of
Oklahoma, the National Severe Storms Laboratory,
and NWS, was to determine the value of using a cloud
model in near-real time to predict individual thunder-
storm characteristics during severe weather days in
Oklahoma. Throughout the program, a variety of prod-
ucts fromthe Ul weather system were used to examine
thunderstorm potential for that day. The team of inves-
tigators often conducted distributed, desktop weather
briefings away from DAS and exchanged products
that are typically available only in a synoptic lab. For
such collaborative efforts, where researchers are lo-
cated at geographically dispersed locations, the Ul
model, using its X-protocol-based applications, is ide-
ally suited. Augmented with atelephone, it makes real-
time sharing of weather information quick and conve-
nient.

Besides these projects, students in the department
who are participating in the DAS forecast contest,
conducted twice a week during the spring and fall
semesters, make extensive use of products from the
Ul weather system. These products are also used
routinely by the staff meteorologists at the campus
radio station in the preparation of their forecasts.

5. Concluding remarks

The Ul weather system has two major purposes:
first, to involve students actively in the quantitative
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analysis and display of meteorological data, and sec-
ond, to facilitate synoptic- and mesoscale research
activities. In combination with the campus network and
the specially equipped classrooms, students have
been able to use this system for class assignments
from any of the open computer labs on campus, and
faculty have used it in lectures and demonstrations.
The real-time weather display system has also been
used at campus demonstrations to encourage poten-
tial undergraduate students to pursue careers in atmo-
spheric sciences.

The students often find such real-time analysis of
the atmosphere exciting as well as educational. The
facility has significantly enhanced our teaching by
providing access to scientific software and to data,
both real-time and archived. The system is a modern,
on-line meteorological laboratory available to all stu-
dents. Improvementsin the quality of education through
the use of computers will come primarily because the
students are using the system themselves, ratherthan
just seeing prepared examples created by the faculty.

Although many universities have similar weather-
data distribution systems, to our knowledge the Ul
weather system is the only one where every product
received in the synoptic iab is also available from any
X-windows terminal/workstation on campus. Since
the data-distribution software is entirely based on
industry standard protocols, such as X-windows and
NFS, it is both network transparent and system inde-
pendent. As such, it is readily portable to other Unix
environments. During the coming months, we plan to
expand the capabilities of the Ul weather system to
include gridded data from the Numerical Products
Service, continuing our efforts on making all meteoro-
logical data available on the desktop.
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