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1. INTRODUCTION

Efforts to create generic visualizations, both content an
interface, often fail when applied to operational forecastin
Such activities are typically composed of distinct task
Attempts to build generalized systems to address these ta
have been useful for research activities and applications dev
opment. However, they fare poorly in more mission-critica
environments. Generic solutions, even when oriented towa
weather, may lack sufficient focus to be effective for divers
forecasting tasks.

2. TASK-BASED VISUALIZATION

Consider three steps to defining visualization tasks:
i. Identification of user needs
ii. Composition of design elements and interface actions
iii. Establishing different techniques for various users

Tasks can be decomposed hierarchically by recognizi
that the user’s tasks are not the same as the visualization ta
Hence, a given user may require one or more visualizati
tasks, and a specific technique may support more than one u
task. Then consider goals for the user in visualizing (i.e
exploration, insight, presentation), with the need for:
• Feature or event identification
• Comparison or fusion of data from disparate sources
• Decision support
• Communication of results

Independent of the user goals is the definition of visualiz
tion tasks. These are graphical actions such as select, inter
animate, interrogate, etc. The actions are used for spec
composition like browse, analyze or present. To test the
ideas, they are applied to operational weather forecasting.

3. OPERATIONAL WEATHER FORECASTING

This work is an extension of the mesoscale weather for
casting project of the National Oceanic and Atmospher
Administration (NOAA) National Weather Service (NWS) a
the 1996 Centennial Olympic Games (Treinish and Rothfus
1997). It is a collaborative effort with NOAA Forecast System
Laboratory (FSL). It provided a testbed for new visualizatio
techniques, focused on meeting specific forecasting goals,
affected by real, operational constraints.
3.1 Previous Work

The majority of visualization systems today for meteoro
ogy are typically designed from the perspective of “one siz
fits all”. While there is variation among them, they individu
ally provide one interface and style of visualization indepe
dent of the task supporting a single class of users. While su
systems clearly can be successful, further efficiency in utiliz
tion is possible by recognizing that even a single user is like
to have more than one goal for visualization, and that there
more than one class of users.

Improvements in speed and effectiveness have signific
impacts on operational forecasting, which is why weath
agencies have invested in developing highly focused visualiz
tion tools. One example is the Advanced Weather Interacti
Processing System (AWIPS) deployed by the NWS, whic
*Corresponding author address: Lloyd A. Treinish, IBM T. J. Watso
Research Center, P. O. Box 704, Yorktown Heights, NY 1059
lloydt@us.ibm.com, http://www.research.ibm.com/people/l/lloydt
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provides two-dimensional visualizations via its D2D sub
system (NWS, 1998). Conceptually similar tools are availab
from a plethora of other organizations worldwide. This cate
gory of traditional weather visualization tools is termedClass
I. It consists of conventional representations of selected me
orological fields for analysis tasks by forecasters with minim
direct (graphical) interaction at a specific “layer”, either th
ground or at an isobaric level. Given a flat canvas for visua
ization design consistent with the display of a single laye
these tools can only show a few parameters simultaneou
(e.g., overlaying wind as barbs or arrows, a scalar variable
line contours). Simplified versions of these representatio
have also been developed to support presentation to non-m
orologists, particularly for the media (e.g., Schroder, 1993
Figure 1 is an example of a typical visualization produced b
Class I tools. It shows a precipitation forecast for August
1996 at 8 pm EDT. Class I may also provide simple flip-boo
animation.

Figure 1.  Class I Visualization.
Large, three-dimensional volumes are typical of curre

acquired and computed data, for which improved facilities a
required for timely assessment and utilization in forecas
However, two-dimensional techniques dominate in operation
settings, even though their use can be burdensome with s
data because of the aforementioned mismatch between in
face and users. There are a few exceptions to this situati
Chief among them is Vis-5D developed at the University o
Wisconsin. It has a fixed user interface with specific visualiz
tion tools typically tied to graphics hardware on Unix worksta
t ions, with support for a single class of data. Th
implementation focuses on regularly gridded data, preferab
compressed to byte precision to increase the speed of ope
tion. This yields an highly interactive tool that maps well to
many meteorological data sets (Hibbard et al, 1994). Ho
ever, for forecasting tasks such as model assessment and
semination, it can be too generic and does not have the id
interface or content, because of its primary focus on analys

In contrast, Fraunhofer Institut für Graphische Datenvera
beitung (FIGD) has implemented independent systems op
ated by meteorologists that are focused on specific tas
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Their development has been in conjunction with the Deutsch
Wetterdientst (DWD). The first was Triton, oriented towar
generating two-dimensional visualizations for the non-mete
rologist (Schroder, 1993). The second, TriVis, is based upon
related goal -- providing two- and three-dimensional visualiz
tions for television broadcasts (Schroder and Lux, 1997). T
third system, RASSIN, is designed to provide analysis faci
ties directly on the native grids of meteorological data (Lu
and Fruhauf, 1998). The latter two systems are in use
DWD.  The FIGD systems only share an underlying rendere

4. COMPOSITIONAL GUIDELINES

The approach herein utilizes anatural coordinate system
to provide a context for three-dimensional display and intera
tion. They provide representations of the atmosphere fu
consistent with the data source that are registered with terr
and political boundary maps. Further, it uses correlative vis
alization, where each data set to be examined is proces
independently and merging takes places at render time (Tre
ish, 1994). Both the design of the content and the choice
coordinate system has been dictated by the user task for c
ceptual and physical realizations.

Since color is a critical component, knowledge of huma
perception is applied via a rule-based advisory tool that is se
sitive to the spatial frequency of data and the task (Rogow
and Treinish, 1996). For example, noisy data such as wi
speed are primarily mapped into luminance, while mor
smoothly varying data such as temperature are primar
mapped into opposing saturation pairs to impart an isomorp
or continuous representation. For moisture-related data, t
colormaps are combined such that dry regions are mapped
brown ranging through yellow to green for modest values. A
high levels, the data are mapped into blue, with decreasi
luminance. For contouring, a segmented colormap with pe
ceived ordinality is applied. For discrete three-dimension
representations (e.g., cloud surfaces), uniform but complem
tary colors are chosen to minimize the effects of color mixin
For direct volume rendering, this is extended with simulta
neous mapping into luminance and opacity. Of course, so
of these ideas are not directly apparent due to the monoch
matic printing of these proceedings.

Several techniques are implemented for surface wi
velocity, which are pseudo-colored by wind speed draped ov
the topographic surface. Vector arrows of fixed size are us
to eliminate misleading motion cues during animation and
show gross atmospheric movement. In contrast, streamlin
with directional arrows, although visually more complex, ar
superior at capturing fronts, convergence zones, vortices e
On the other hand, waving flags that point in the direction o
the wind have been effective to illustrate wind motion to th
non-meteorologist. They can be either rigid or furled (i.e
straight at maximum speed and draped against a flag pole
the absence of wind).

5. RESULTS

The task decomposition leads to three other classes
visualization, each of which are described below. In eac
case, the user has a set of tools to design a visualization
interact with selected data. The available techniques are li
ited to focus on specific tasks, which are then supported by r
atively simple interfaces.
5.1 Class II:  Two-and 2-1/2-dimensional analysis

Class IIcan be viewed as a superset of Class I by inclu
ing enhancements into three dimensions and the ability
leverage modern workstation hardware. Its focus is for ana
sis by forecasters, particularly to support data compariso
Because the appearance of the visualizations may be comp
direct manipulation is provided. As a result, up to five param
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eters may be visualized simultaneously. These two-dime
sional variables may be any combination of surface or upp
air layers from the same or different source. They may b
illustrated redundantly by applying multiple techniques (e.g
color and height). The variables and techniques can be in
pendently selected interactively. An example is shown in fig
ure 2. Four scalar fields are visualized in the stereograph
coordinates for December 5, 1995 at 11:00 pm EST. The p
mary features are precipitable water as the height of a shad
deformed surface, pseudo-colored by temperature, and mar
with the mean sea level pressure at discrete locations. Co
coded relative humidity contours at 10% intervals are overla
along with streamlines of wind. The wind direction is indi
cated by arrows and the speed by color. The surface is a
draped with local coastline (black), state boundaries (magen
and river (blue) maps. For example, a correlation is visib
between moderate levels of precipitable water and humid
with high temperature in south-central Georgia, and lower le
els of precipitable water, wind and temperature along th
coast.

Figure 2.  Class II Visualization.
5.2 Class III:  Three-dimensional browsing

Class III enables forecasters to create qualitative thre
dimensional representations for both interactive investigati
and production of animation via browsing. The consume
may or may not be specialists but the interactive user is like
to be a meteorologist. Thus, the results may be suitable
media and public dissemination to support the explanation
specific forecasts. The visualizations have a simplifie
appearance to utilize pattern recognition for general und
standing as well as feature identification. It requires high-re
olution data (temporally and spatially) to enable a cohere
presentation. Figure 3 shows a result from such an applic
tion, which enables interaction in geographic-altitude coord
nates. The ability to create both time-based and key-fram
(flyover) animations is available.
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Figure 3.  Class III Visualization.
A three-dimensional representation of predicted clou

structure is shown as translucent, white isosurfaces of clo
water density at 10-5 kg/kg for August 4, 1996 at 9:00 pm
EDT. The cloud surfaces are registered with a terrain m
overlaid with coastline (black) and state (white) boundar
maps in a terrain-following, stereographic grid, where the c
ies of Atlanta and Savannah are marked. Thisfamiliar repre-
sentation can effectively show gross atmospheric motion a
potential distribution of moisture. The terrain is pseudo-co
ored by total precipitation to indicate where and how muc
rainfall is predicted. Translucent, cyan isosurfaces in the in
rior of the clouds are forecast radar reflectivities at a thresho
of 25 dBz, approximating rain shafts. The corresponden
between the rain shaft and the region of relatively heavy pr
cipitation is quite clear. The surface is also overlaid with ve
tor arrows of surface wind velocity, color-coded by speed.

The browser enables tracking of simulations during exec
tion. Instead of direct interprocessor communication betwe
the visualization and simulation, a custom file format wa
designed with a set of specialized readers. To further min
mize the volume of data and latency in interaction, sever
parameters were computed within the application.
5.3 Class IV:  Three-dimensional
analysis

Class IV provides analysis, view-
ing, interrogation and interaction tools
with standard products designed for
AWIPS. This class is similar to the
visualization tasks addressed by the
aforementioned Vis-5D and RASSIN
packages, but with greater emphasis on
direct manipulation and the introduc-
tion of new realization methods. Fig-
ure 4 shows a result from such an
application, which enables interroga-
tion in a geographic-pressure coordi-
nate system annotated with an axes box
and base maps. One may probe the
volume for specific values at selected
locations within the data set.

The upper air three-dimensional
wind velocity is visualized via interac-
tive marking of geographic locations
for virtual soundingswithin the model
atmosphere. At each location, a vertical profile is extrude
through the atmosphere, which is realized as a tube. The w
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velocity along the profile is shown by a set of vector arrow
that point in the direction of the wind. Horizontal speed a
these points is indicated by the color and length of the arrow
Optionally, the locations on eachvirtual wind profiler can be
used for seed particles for particle advection, which is realiz
as streamlines. These lines, which are also pseudo-colored
horizontal speed, indicate the instantaneous direction of t
modelled wind from these locations.

6. IMPLEMENTATION

A suite of tools invoked through c-shell scripts on a UNIX
workstation or shortcut icons on a WIntel workstation pro
vides the facilities for visualization Classes II, III and IV
They present a user interface based upon XWindow/Motif f
indirect interaction and OpenGL for direct three-dimension
interaction in cartographic coordinates. They have be
implemented with IBM Visualization Data Explorer (DX)
(Abram and Treinish, 1995).

DX is a portable, general-purpose software package f
visualization and analysis. It employs a client-server archite
ture with an extended data-flow execution model. A gener
toolkit was used to avoid having to implement a graphics an
computational infrastructure. Unlike traditional meteorolog
cal graphics, DX enables the use of modern workstation ha
ware equipped with three-dimensional graphics accelerat
and is parallelized for symmetric multi-processors. DX i
built upon an unified data model that enables these applic
tions to operate directly on the native grids without transfo
mation or compression, which preserves the fidelity durin
visualization (Treinish, 1995). Further, such a toolkit is exten
sible to allow development to be focused on meteorologic
data and tasks, and reuse of tools between applications w
similar user interface components. This simplifies training o
users to employ the applications with different conten
matched to separate tasks. It also reduces the cost of deve
ment and maintenance, and enables more rapid iterative refi
ment with or adaptation to new users.

These tools are part of an integrated system that provid
operational mesoscale numerical weather prediction in a w
variety of environments. It evolved from the aforementione
experiments to support forecasting at the 1996 Olymp
Games (Snook et al, 1998). Additional information about th
system as well as numerous visualization examples are av
able on-line athttp://www.research.ibm.com/weather .

Figure 4. Class IV Visualization.
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7. UTILIZATION

The browse application (Class III) enables model asse
ment. Typically, one or more animations with frames ever
ten minutes over the full model run (24 hours long) is create
after the forecaster selects variables, techniques and g
graphic view for local playback at workstation resolution t
support media briefings. They are MPEG-encoded and asso
ated with an higher-resolution image for distribution on th
World-Wide-Web. The contents of such a snapshot image c
also be disseminated as a VRML geometry, key-frame flyov
animation or as an image-based panoramic scene. The ab
to track the model during execution provides quality contro
and comparison with results from earlier runs.

Analysis with the view application (Class IV) must wai
until the post-processing phase is completed at the end o
run. As a result, such interaction takes place after the next r
starts, which limits the ability to compare output.

8. CONCLUSIONS

Specialized interfaces and tools matched to user goals a
underlying visualization tasks to support them is a promisin
approach for operational forecasting. Successful facilities c
be characterized as being easy to master via simple interfac
even if the underlying capabilities may be complex. Althoug
generic systems can be employed, the lack of focus in t
interface increases learning time beyond what would be co
siderable acceptable in time-critical activities. This is in con
trast to what is often preferred in many research environmen
An effective compromise has been developed herein, whe
the generic tools are used for both prototyping new applic
tions and efficient implementation of complete systems b
promoting high-level reuse of underlying tools and design el
ments. Thus, a set of visualization tasks coupled with app
priate designs can be developed a priori, and then refin
through iteration. Further, generalized approaches to the
design elements can be employed to more efficiently devel
specialized interfaces and tools matched to user goals.

Class III visualizations proved to be more effective tha
initially expected by virtually eliminating the laborious evalu
ation of numerous Class I images via presentation of all t
relevant information in an easy-to-interpret, four-dimension
display. Conceptual models that would normally require infe
ence from a significant amount of two-dimensional data (e.g
the horizontal extent of cloud dissipation in the lee of th
Appalachian mountains) are obvious in three-dimensional a
mations. Further, one could easily infer vertical motion bas
on a three-dimensional display of clouds forming. Althoug
the data may not have indicated precipitation occurring in
specific location, the existence of clouds gives forewarnin
that precipitation may be possible in that vicinity.

The introduction of Class IV into operations complemen
Class III, but uncovered problems in utilizing data for AWIPS
Although the user can easily select a data set of interest,
organization is not ideal for the required access. Often t
post-processed results (all variables and time steps) are c
lected into a single, large file. While convenient for the da
generator, access to specific arrays forces unnecessarily l
seeks across a local-area network, which limits performan
until requested data are in memory. An additional post-pr
cessing step to reorganize the data would only further del
access and increase the disk space requirements. In addit
not all of the defined variables are consistently populated, a
their metadata are incomplete, which leads to user error
increasing the complexity of the application and interface
compensate.

9. FUTURE WORK

This approach to visualization in operational weather for
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casting was of immediate value at the 1996 Olympic Game
enabling the NWS to provide information for athletes, spect
tors and officials to plan around adverse weather condition
These technologies could be applied in other areas where p
cision forecasting shows promise like tourism, aviation, ag
culture, broadcast, energy, insurance, pollution monitorin
and fire control and management. For effective utilization ou
side of general forecasting, a refinement of the task decomp
sition wil l be necessary. Init ial ly, that would imply
customized interfaces, products and packaging, most likely
Class III. For aviation, that might include, for example, sup
port for route planning, dispatch, etc. for both safety and ef
ciency, where predictions of prevailing winds, icing surface
and clear-air turbulence are shown along a flight path.

Since there is prepondence of potential data sources t
could be utilized with these tools, extensions to support the
will be driven by the ability to leverage “standard” product
(e.g., data formatted for AWIPS). Part of that effort will be to
more tightly couple the interaction between Class III and th
simulation to enable more efficient tracking/steering. Anoth
aspect is to improve the organization of the model output, pa
ticularly for the post-processing (analysis) products.

Web-oriented visualizations can be generated by the c
rent set of applications but an intermediate step of migrati
the products to a web server is currently required. This has
advantage in an operational environment, where the forecas
has control over the content of the visualizations that may
disseminated to a variety of consumers. However, the ta
decomposition can be further refined by considering dire
generation of visualizations within a web browser. Simila
tasks could still apply, but the user interface and the conte
must be simplified to be effective. Thus, the current indire
interaction would be replaced with Java-based applets in
browser as a client that communicates with a DX server pr
cessing the data and generating the requested visualization
all of the aforementioned methods.
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