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Abstract. Wesather forecast centers usualy deal with a great volume of complex multivariate data, which
usualy have to be interpreted within short time. Tools that use scientific visualization techniques can be a
great help providing support for both daily forecasting and meteorological research. This work presents a
collection of tools designed primarily to aid the daily tasks of meteorologists from the 8" Meteorol ogical
Digtrict, inthe South of Brazil. Thetasks of meteorologistsand the classes of application datawere observed
to define tools requirements. System architecture and implementation follow a tool-oriented approach and
the object-oriented programming paradigm, respectively. Current implementation provides mapping tools,
that generate contour plots, icons maps, and a variety of graphs; recording tools, that allow to save and
load images generated by the system; and a query tool, to read variables' values at selected meteorological

stations.

1 Introduction

There isagreat interest in understanding meteorol ogical
phenomena, because of their economic and socia im-
portance. These phenomenainfluence everybody and can
serioudly affect people and the economy, destroying lives,
buildingsand plantations. Wesather forecast, prediction of
the climate and atmospheric phenomenahave alwaysbeen
considered as huge scientific computing applications, and
soon turned out to beapplicationswith many visualization
requirements.

Operationa and research centers in westher forecast
usually work with agreat volumeof complex multivariate
data, having to interpret themwithin short time. A graphic
system that helps the meteorologists conduct both daily
forecasting and meteorol ogical researchisvery important,
and, perhaps, essential, considering theimpact of weather
conditions on some regions.

The 8" Meteorological District, located in Porto
Alegre, collects datafrom 32 stations distributed in three
statesinthe South of Brazil (Rio Grandedo Sul, SantaCa-
tarinaand Parand). These data, called surface observation
data, or SY NOP datafor short, result from the observation
of variables as temperature, atmospheric pressure, wind
velocity, and typeof clouds, in each one of the 32 stations.
Some of these data are acquired by means of instruments
while others result from human visual observation. Once
received by the 8'* Meteorological District (8! DISME),
SYNORP data are stored in alocal database, and used for
drawing (by hand) pressure and temperature contour maps

for presentation only. They are aso sent to the National
Institute of Meteorology, in Brasilia. The 8'* DISME re-
ceives also satellite images, and other informations from
the National Meteorological Center (NMC) and from the
Nationa Ingtitute of Meteorology, which together with
SYNOP dataare used for local wesather forecasting [5].

In order to support the tasks done by the meteoro-
logists of the 8" DISME, we developed a set of visua
lization and query tools, integrating them as a system
caled VisualMet. Despite the different kind of informa-
tion received by the 8" DISME, VisuaMet deals only
with surface observation (SYNOP) data. Integration of
other data in the system will be considered later on.

As proposed in a methodology described in an ear-
lier work [3], the tasks of the users (the meteorologists,
in this application environment), and the classes of appli-
cation data were observed to define system requirements
concerning visual representations and related visualiza-
tion techniques, and querying needs. System architecture
and implementation follow atool-oriented approach[4]
and the object-oriented programming paradigm, res-
pectively.

This paper presents thetoolsimplemented in Visual -
Met, providing a brief description of the modeling and
functional issues of the system in sections 2 to 4, and
focusing on tools implementation in sections 5. Section
6 emphasi zes some features of VisualMet, pointing to the
related work found in the literature, while some conclu-
sionsare drawn in section 7.
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2 DataModding

As stated above the system was designed using the tool-
oriented approach proposed by Freitas and Wagner [4].
This approach uses the object-oriented modeling para-
digm representing scientific visualization systems as col-
lections of objects, where some of them are entities and
others are tools. Classes of entities are used to model
data representing the phenomena under anaysis; clas-
ses of tools model the processes applied to data either
for processing or visualization purposes. The data mo-
del diagramfrom OMT (Object-Modeling Technique) [7]
was used for the modeling of entitiesand tools.

When received by the 8* DISME, SYNOP dataare
stored as text files. Each file is identified by a name
that encode the date and time of the data gathering, thus
representing asample, i.e., acollection of measures such
as temperature, atmospheric pressure, air humidity, etc.
for all the 32 stations. The 8" DISME receives datathree
timesaday. A separate file maintains information about
the location (latitude and longitude) of each station.

InVisualMet, the entities are the samples of SYNOP
data, which are modeled in the following way. The SY-
NOP entity is a class that models the samples. Each
SYNOP entity isan aggregation of class Sample, which
inturnisan aggregation of aclass Station. Thisclass has
as attributes the position of the station (latitude and lon-
gitude), the station code, and oneinteger array, where the
collected data are stored. Instances of the SY NOP entity
are presented to the user as a collection named "Entities
Base'. Actualy, thesamplesarestill stored astheorigina
SYNOPfiles. Once activated, the"EntitiesBase" isfilled
up with instances of the class Sample, which are loaded
with the data stored in these files. We choose to model in
this way because of the structure of the actua data, that
must be kept in text files. For further details about the
modeling of classes SYNOP, Sample and Station, refer to
another work [6].

3 ToolsModding

Tools are used to process the datain order to derive new
data, generate images, or return data val ues as a result of
queries. The tools are modeled as classes and are dso
presented to the user as a collection named "Tools Base'".

Visua representations of SYNOP data are obtained
through two classes: the Map and the Graph classes.
Another tool, the Record tool, alows saving and opening
image files generated by Map and Graph. The Query tool
has the purpose of showing all the information about a
selected meteorological station.

The Map classimplementsthe exhibitionof contour
maps and icon maps, that are its subclasses. The Con-
tour Map subclass is responsible for the contour lines
generation, and the Icon Map subclass isresponsible for
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the exhibition of the icons, on each station position, in
agreement with the variable selected by the user.

Graph classallowsthe plotting of bidimensional and
tridimensiona graphs. The 2D Graph subclass imple-
ments the necessary operationsto generate three different
kindsof 2D graphs. Thefirst oneisasimplebar graph that
showsthevalues of aselected variablein each stationina
specific sample, i.e., specific date/time. The second kind
of graphissimilar to thefirst one, except by thefact that it
presents the values of the variable for three samples. By
means of thisgraph one can observethe selected variable
during one day (three samples) in each station. Finaly,
the third kind of graph is aline graph showing values of
avariable per timein a selected station. The 3D Graph
subclass has functionality to generate two different kinds
of 3D graphs, the bar graph and the surface graph. The
3D bar graph can be seen as a composition of a group of
2D bar graphs, showing values of variable per sample per
time. The surface graphisused to plot the surface formed
by a selected variable in latitude x longitudex variable.

The Record class does not have subclasses, because
of itssimplicity. It provides methods for saving and ope-
ning image files generated by other tools in the system.
The Query tool are not modeled as a class, being part of
the Interface class, described in the next section.

4 System’sinterface

Besides the entities and tool s classes, thereis another im-
portant class, the Interface class, that implementsthein-
teractionfacilitiesand providesthe communication among
entitiesand tools. The Interface class has three subclas-
ses, that basically implement the three main windows
exigting in the system: Entities Base, Tools Base, and
Main Window, as shown in figure 1.

The Interface class manages dl the system through
an events queue. The events queue stores al the user
actions; each action is then identified, and triggers the
appropriate function. This function calls the other clas-
ses, passing the suitable parameters. In this manner, the
operations of all the classes are totally independent of the
system interface.

Since the Interface class centralizes dl the callsto
the other classes, from the moment that awindow is ope-
ned, until the final image is done, al the classes are in-
dependent from the data, as well as from the interface.
Depending on the sel ected tool, for exampl e, the methods
to read the data, open a window, and generate an image
are called by theInterface class. Inthisway, the selected
tool receives just the necessary parameters and data to
accomplish its function. By thisway we implement the
mapping between data and specific visual representations
[4]. The Interface class knows the data structure that
must be passed to each tool in the system.

The Main Window subclass has only the functions
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of showing the help pages and exiting the system. The
Entities Base subclass manages the list of selected enti-
ties and the Entities Base window, drawing the Samples
icons, and setting the selected ones. And, findly, the
Tools Base subclass is responsible for drawing the To-
ols' icons, initializesthe necessary parameters depending
on the selected tool, and opens the window that lets the
user to enter the parameters for the tool he/she has just
selected.

VisualMet @
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Figure 1: System interface

Asto the operation of the system, the user activates
atool by first selecting (using the "point-and-click" tech-
nique) one or more entities in the Entities Base, and then
pointing to a tool in the Tools Base. Contour and icon
maps, query of variables' valuesin stations, and 2D and
3D graphs are the tools already available.

5 ToolsImplementation

The system is being implemented in a Iris Indigo Sili-
con Graphics workstation, using the programming lan-
guage C++, the graphical library GL [12] (we plan to use
OpenGL, as soon as its availability in our Institution),
and the Formslibrary [9], which isa powerful and simple
package for building interfaces.

This section is further divided in six subsections,
one for each implemented tool. Other toolsthat are being
designed are briefly commented in the last section.

5.1 Contour Map

The Contour Map class generates images (that we call
maps) with contour lines obtained through the interpola-
tion of one of thefollowingscalar variables: temperature,

= fosBee L
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maximum or minimum temperature, dew point tempe-
rature, atmospheric pressure at station level, pressure at
sea leve, precipitation and air humidity. When this tool
is activated the user has to specify the variable and the
desired interval between lines. The contour map is then
shown in another window. Figure 2 shows an example
of a contour map. As can be observed on this figure the
upper left corner of the window shows the latitude and
longitude values, according to the cursor positionin the
window, and the lower left corner shows the value of the
displayed variable for each contour line, that are presen-
ted in distinct colors. The title bar of the window has
theidentification of the variablethat isrepresented on the
map and the name of the sel ected entity (that isaninstance
of Sample class).

=ni Corfour Map (Pressure — Sea fevel) - 7.18 a
58044 W
20020 8

b L0 LT LD ek L3 LT =
[=p]=pl=pl=pl=pl=rl=pl=r]=;]

Figure 2: Contour map for atmospheric pressure

SYNOP data can betreated as scattered multivariate
data, sampled over a bidimensiona domain. The study
of severa methods used to process these data in order
to obtain the scalar field that they represent, has lead us
to choose the multiquadric method described by Foley
[14, 15]. The obtained interpolant is then used to create
a regular grid of data, which is inputted to a plotting
algorithm that effectively draws the contour lines. This
second algorithm is based on that developed by Dayhoff
[8]. Details of both agorithms were reported elsewhere
[6].

Contour maps generated by our system (i.e., using
the multiquadric method followed by the Dayhoff-based
algorithm) were compared with contour lines generated
by the ListContour Plot function of the Mathematica soft-
ware[13]. Since Mathematica sListContourPlot function
isonly an aternative to the Dayhoff-based a gorithm, the
comparison was made by inputting to Mathematica seve-
ral gridsof data generated using the multiquadric method.
The contour lines obtai ned with M athemati cawere almost

Anais do I X SS BGRAPI, outubro de 1996



66

identical to those generated by the Dayhoff-based algori-
thm. A small variation occurred because of the definition
of the interval s between the contour lines.

An interesting problem found in the implementation
of the multiquadric interpolation algorithm is the defini-
tion of avalue (a constant named R) in the interpolation
expression [1]. The interpolant used by this method is
shown below:

MO Y) =N a (o — 202+ (5 — )2 + B2,

where R? > 0 and a; satisfies the NxN linear system of
equations M (z, yx), for k=1,...,N. The R constant stron-
gly influences thefinal result producing different contour
lines in accordance with its value. Experiments done by
the author of this method [1, 11] indicated that it de-
pends on the number of data points, the distribution of the
(zk, yx), and the function values ..

The possible solution to this problem was to alow
the user to definethe R value. But thisisvery difficult to
users that are not used to interpol ation methods.

Comparison of actual maps made by meteorologists
with our interpol ated mapswas carried out using the same
samples, and several variables. We then conclude that
the best value for R is different in accordance with the
variable. For pressure at station level and pressure at sea
level variables, the value used for R is an approximation
of theaverage of the distance squared between the points:

DMQ - (xmaz_xmmj)\gymaz_ymm)’

where N is the number of points, z,,,. isthe maximum
vaue for z; and the other variables are similar defined.
The value used for R for the other variables is DM *?
multiplied by 0.4. By using these R values, some contour
linesmay be different, but the regionsof lower and higher
values (temperature, for exampl e) are correctly located for
all variables.

5.2 Icon Map

Anicon map isan image of the geographical distribution
of the 32 stations, with icons at each station represen-
ting the values of variables. The variables used in this
tool are: wind direction and wind velocity; past weather
and present wesather, that means if it rained, if the sun
was shining, etc.; clouds features, that describes the kind
of cloud observed at each station; total clouds, that in-
dicate the quantity of clouds; and atmospheric pressure
tendency.

When the user selects the Icon Map tool, he/she is
prompted to specify thevariablethat must be shown. The
icons employed in the image belong to a set commonly
used by meteorologistsof the 8" DISME. Figure 3 shows
an example of an icon map with the attribute concerning
cloudsplotted. Theiconfor weather conditionsregarding
cloudsisacircle: afull circle correspondsto completely
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cloudy skies while an empty one corresponds to clear
skies. Asin the contour map, in the upper left corner of
this window the user can see the values of latitude and
longitude of the cursor positionin theicon map.

I fcon Map (Total Clouds) - 158.12 a I
61048 W
21020 8

Figure 3: 1con map showing weather conditionsregarding
clouds

53 Query

The Query tool does not have an icon in the Tools Base
because it's activated when the user positionsthe mouse
on an icon in an icon map, or on a station icon in a con-
tour map, and presses the left button. Then, a window
with all attributes of the selected station shows up (figure
4). If there is no data collected for a station in the cur-
rent sample, a message indicating the lack of attributesis
presented.

Station Data

Station Code: B3767
Temperature : 23.80

Maztdin Temperature; 23.00
Dew Point Temperature: 22.20
Pressure - Station level: 350.40
Pressure - Sealevel: 1011.90
Precipitation; 15.00

Air Humidity: 81.00

Past \Weather: 1

Present \Weather: 62

Clouds Features: 452

Total Clouds: B

Pressure Tendency: 3

‘Wind Direction: 18

Wind Velocity: 2

Close

Figure4: Resultsobtained by the use of the query tool
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5.4 Record

The Record tool can only be used to storeimages genera-
ted by the system, using an internal format. The images
(maps or graphs) can be stored at any moment. The user
hasonly to sel ect thewindow that showsthedesired image
(pressing the right button of the mouse in that window),
and then theicon of the Save tool in the Tools Base. The
parameters for thistool are the name of the directory and
the name of thefile,

To visualize an image previoudy stored by the sys-

tem, the user has to sel ect the Open tool inthe ToolsBase, |,
and enter theappropriate parameters. Theimageisshown |:
in aseparate window. 1t'simportant to say that the Query |
tool can not be used in thiswindow, because the sampled |

dataisnot |oaded inthe memory again. Only theprevious
generated image is being shown.

55 Bidimensional Graph

The 2D Graph tool providesthree different typesof graph
for the following variables: temperature, maximum or
minimum temperatures, dew point temperature, pressure
at station level, pressure at sea level, precipitation, air
humidity, wind velocity and wind direction.

Thefirst typeisabar graph. The user can select an
entity and avariable. TheY axiscorrespondsto thevalues
of the selected variable, and the X axis correspondsto the
stations' codes in the selected sample. With thiskind of
graph it'spossibleto observe the behavior of onevarigble
all over thestationsat the sel ected sample, whichmeans at
aspecific date/time. The second typeof graphissimilarto
thefirst one, but it allows the user to select three entities,
thus plotting data from an entire day, for example. The
difference from thefirst one is that three bars are shown
for each station in the X axis (see figure 5). The bars
are distinguished by colors, each one corresponding to a
sample. The meaning of each color isshown on the upper
part of thewindow, whileall the stations' codesare listed
on theright side of it.

The third kind of graph isalinegraph. It allowsthe
user to select agroup of samples, one station and oneva
riable, thus showing the variation of the selected variable
at a particular station intime. The Y axis corresponds,
again, to the value of the selected variable, and the X
axis correspondsto the severd date/timesfor the selected
gtation (figure 6).

5.6 Tridimensional Graph

There are two kinds of 3D graphs available in the 3D
Graph tool: bar graph and surface graph. The 3D bar
graph enables the observation of a variable in the ways
allowed by boththe 2D bar graph and 2D typethreegraph.
That means, the 3D bar graph isagroup of 2D bar graphs
shown along a third dimension that is the time. The user
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has to select a group of samples and a variable. The X
axis corresponds to time (date/time of each sample), the
Y axiscorrespondstothe selected variable, and the Z axis
carries on the stations' codes. By means of this graph
the user can anayze the behavior of one variable, for all
stations, in a period of time.
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Figure5: Bar graph of dew point temperature (three sam-
ples)
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Figure 6: Line graph of pressure in one station for 21
date/time

In the surface graph, the X and Z axis correspond,
respectively, tolatitudeand longitude, and the Y axis cor-
responds to the selected variable. The stations’ positions
are plotted and the values of the variable are interpol ated
to generate thesurface. Withthiskind of graphit’seasy to
observe the behavior of avariable, for several stations, in
a specific sample. The interpolation method isthe multi-
guadric one, and, so, thisgraphisa3D view of theregular
grid obtained as thefirst step in the contour map tool.
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6 Discussion and Related Work

The main goa that lead us to develop VisudMet was
to exercise the tool-oriented approach (and related me-
thodologies) [4,3] in areal environment. Visualization
and exploration of meteorologica data as a support for
the daily work of meteorologistsin the 8'* DISME came
out as a challenging task due to the volume and nature
of data processed by them without up-to-date computing
resources.

Functional and interaction facilities have strong in-
fluence in the acceptance of any system. Different sys-
tems present different solutions to this problem. MET-
VIEW [2] uses a distributed architecture based on the
idea of service-oriented architectures, which alow for
the combination of different services (such as data access,
data manipulation and visualization) on asingle environ-
ment. In VIS-5D [19], however, the user interacts with
a fixed rendering pipeline, that supports atmosphere and
ocean studies. To keep itsinterface simple, as stated in a
recent work [20], VI1S-5D denies many rendering choices
toitsusers.

Interaction within VisuaMet is done by a simple
point-and-click technique in two collections of objects:
the samples that the meteorologists aready know, and
the tools. Use of the tools are straightforward: the user
is prompted for the input of any necessary information,
immediately after the selection of thetool.

In adata exploration and visualization environment,
and this is our case, the complexity and large volume
of data impose the development of interaction facilities
on top of visualization techniques. The query tool over a
contour or icon map isauniquefesture, that allowsimme-
diate access to original data. In spite of having different
visua representations, meteorologistscan query datain a
homogeneous way, without changing theinteraction style
or switching to another tool.

As to the images that can be generated, literature
is plenty of examples of what images can depict meteo-
rological data. Bidimensional images consist, basically,
of cartographic maps, where contour linesor false-colors
represent scalar fields, and vector icons related to wind
information can be depicted. Icons and glyphs can also
be used to encode more than one variable.

Three-dimensional images enhance the representa-
tion of variables and phenomena with realism. A typical
example often used nowadays is the stereo pair. Papa
thomas [16] implemented this method for clouds visua-
lization. Alternative techniques used for the enhancing
three-dimensional images of meteorol ogical dataand phe-
nomena are transparency and textures.

The display of contour lines, obtained through sca-
lar variable interpolation, can aso be done in a three-
dimensiona domain, as illustrated by Papathomas [17],
that presents an image where the contour lines are repre-
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senting the dew point temperature, the pressure is repre-
sented by the shade of surfaces, and the colors depict the
temperature.

A variety of three-dimensiona graphs, that somehow
influenced our 3D Graph tool, are presented by Hibbard
and Santek [19, 20]. A surface can be defined and exhibi-
ted in awireframe form or with texture and transparency
to represent scalar data. Vector variables are exhibited as
lines where orientation and thickness represent trgjectory
and magnitude, respectively.

The selection of visua representations for SY NOP
data was made based on a methodology [3], as stated
earlier, and a so, on exchanging information with the me-
teorologists. The notion of avisualization technique as a
mapping between data and visual representationsis pre-
sent in VisuaMet. Also, this mapping is actually inde-
pendent of the way datais stored. The Interface class,
upon the activation of the mapping (by the user’s selec-
tion of a tool) sets up the parameters and delivers the
selected data to the mapping tool (i.e., the visuaization
technique). This is aso a unique feature of our archi-
tecture. Well-known visualization systems as AVS [21],
Khoros [22], and Iris Explorer [23] are based on the da
taflow paradigm where visualization modules must know
the structure of the data. This just does mean, however,
that they implement the mapping concept in another way.

Some of the existent systems for meteorol ogical data
visualization work with data generated by simulations,
that usually consist of three and four dimensiona grids
[10, 18, 19]. Another ones support astandard dataformat
caled GRIB data [2], or different sorts of data, such as
satellite images, results of numerica models, and data
gathered by remote-sensing instruments [18]. Genera
visuaization systems (Iris Explorer [23], for example)
requires the conversion of user data to internal formats.
Another ones (EnSight [24], for example) are tailored
for engineering applications, despite being advertised as
genera purpose systems.

Datain our rea environment (8! DISME) comesin
avariety of formats. Notwithstanding the current imple-
mentation of VisuaMet deals only with SYNOP data,
asitwas designed using the tool-oriented approach and
implemented following the object-oriented paradigm, it
can be easily extended to cope al the formats of data
received by the 8'* DISME.

7 Conclusions

Genera purposevisualization systemssuch asthose based
on the dataflow paradigm [21, 23] can not be used by
meteorol ogists without programming skills because they
often require the development of one or more modules,
specially for data conversion. Moreover, we understand
the process of scientific data analysisasthe application of
many tools, just ordered by the purposes of the scientist
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in exploring his’her data. Our approach to this kind of
application has been to develop systems tailored as sets
of tools that can be applied on data entities. For sure we
might have devel oped thisapproach on top of thedataflow
paradigm, but it wouldn’t be as efficient and elegant as
programming it in a pure object oriented environment.
This reflects aso in the performance of the system. The
most processor-demanding tool, the contour map, takes
only 2-3 secondstointerpol atedataand show theresulting
image.

The participation of the meteorologistsin the design
and evaluation phases was essential and the initia set of
tools that we provided them can now be easily extended.

Thefirst extensionisrelated to creating new entities
based on the existing ones. For example, a sample has
information about all the 32 stationsand any tool that deals
with samples, process al the 32 stations. A selection tool
can be provided in order to alow the user to reduce the
number of stationsin the set he/she will work with. The
new sample created by selecting a number of stations
would appear in the Entities Base, and could be used as
all the original ones.

Another tool that we are designing is an Animation
tool that can be used to exhibit the dynamic change of
contour maps over time. Thus, the meteorologist can
see the changing behavior of temperature or atmospheric
pressure, for example. Planned future work is aso the
porting of thisimplementation to a PC-platform, that is
most commonly found in the 8'* DISME.
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