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Introduction


Meteorology is one of the key areas for using supercomputers. Large volumes of data are generated and must be examined using graphics tools. This article gives an overview of the graphics development that has taken place over the last 25 years at the European Centre for Medium Range Weather Forecasts (ECMWF, Reading, UK).

ECMWF


The European Centre for Medium-Range Weather Forecasts (ECMWF
) is an independent international organisation, supported by 24 European states. The objectives of the Centre include the provision of medium-range forecasts to the meteorological offices of its Member States and Co-operating States, maintaining a data archive, assistance in advanced education, and assistance to the World Meteorological Organisation (WMO) in implementing its programmes.


Forecasts by ECMWF include global forecasts to ten days at 40 km high-resolution and an ensemble of 51 forecasts (EPS) to ten days at 80 km resolution as well as ocean wave forecasts and seasonal forecasts. ECMWF has a wide-ranging programme of research and development directed at improving the quality and variety of forecast products for the medium range and beyond. 


Weather forecasting makes use of and generates very large volumes of data that need to be stored for long periods. ECMWF has accumulated over 550 Tbytes of such data (Böttger et al, 2001). They are used by leading researchers in meteorological and environmental studies and are also available for educational and commercial purposes.


From its beginning, ECMWF has been heavily involved with large supercomputer systems. In 1977, the Centre's scientists had access to machine number one in the CRAY 1 series. Since the early days, large-scale computers have evolved to use many processors. Now the ECMWF operational forecast production is running on an IBM supercomputer (~1 Tflop sustained) comprising two Cluster 1600 systems. Each cluster has thirty p690 UNIX eServers, each including 32 Power4 processors.

Graphics


Graphics are required in order to understand the meteorological information contained in the large volumes of data (Söderman et al, 1987; Böttger and Daabeck, 1988). The steady increase of graphics systems performance has meant that the ever-increasing volumes of data have been matched with new graphics hardware and software.


In the early days of the Centre, graphics output was mostly produced on large size Versatec electrostatic plotters and a contouring package was quickly developed to run on the supercomputer and front ends as there were no readily available packages that could fulfil the Centre’s requirements at the time. This remains the case today.


Fortunately meteorological data formats have been standardized. However, new data types constantly evolve and often require new presentation forms to be rapidly implemented.

MAGICS


To replace the initial contouring package the development of the new package Meteorological Applications Graphics Integrated Colour System (MAGICS
) started in 1984 and it became available in 1985. It has since been used by most Member States and is also used as a module in the meteorological workstation systems Metview
 and Synergie
.


MAGICS is a software library for plotting contours, satellite images, wind fields, observations, symbols, streamlines, isotachs, axes, graphs, text and legends. Examples of output are shown in figures 1 and 2.


MAGICS was designed to conform to new (at the time) WMO meteorological data format standards, e.g. GRIB and BUFR. Initially, MAGICS used the ISO GKS graphics standard (Daabeck et al, 1989) but later became independent of this ailing standard and now has its own graphical interface with drivers for Postscript, JPEG, PNG and OpenGL for Metview use. The ECMWF software package EMOSLIB is used to handle the processing of GRIB and BUFR data. MAGICS contouring is based on the advanced contouring method CONICON (Sibson and Thomson, 1981) developed by the University of Bath, UK. 

Figure 1: MAGICS map showing forecast of relative humidity and velocity 
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Figure 2: MAGICS EPS Meteogram that shows the EPS members’ forecast distribution for a model run
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The first attempt to make an interactive application was made in 1989 where MicroMAGICS (Daabeck, 1990; Nandamudi et al, 1991) became an application to visualize model output on PCs running MS-DOS. It was developed as an adaptation of MAGICS by INPE/CPTEC in Brazil. MicroMAGICS became popular in many of the ECMWF Member States’ organisations and institutions.

Metview

Metview is the ECMWF meteorological visualisation and computation software (Câmara and Daabeck, 1991; Raoult et al, 1995; Karhila, 1999; Daabeck et al, 2003). It has now matured into a highly adaptable, modular package, under the ultimate aim of providing "meteorological desktop publishing" capacities to the operational and research meteorologist (see figure 3 for example of output). The computational capacity of Metview rests on an easy to learn, high-level macro language particularly adapted to meteorological data. 


Metview can be operated in two modes (see figure 4):

· As a meteorological desktop plotting package thanks to its WYSIWYG visualisation (it can be used for routine production of meteorological charts in an operational environment);

· As a powerful meteorological data processing software thanks to its macro language.


Metview has a modular architecture and was conceived as a fully distributed system, its modules being able to run on different machines. The ECMWF MARS software (Hennessy, 1986) provides data access and the underlying data handling and plotting capacity is provided by MAGICS. The development started in 1993 using C++ and an object-oriented design. The user interface is icon-driven, a unique feature in meteorological applications, and fits well with the object-oriented approach.


Metview was designed for the UNIX environment and is highly portable within the UNIX world. Metview has been recently ported to Linux, therefore widening considerably its potential user base by offering much increased performance from a substantially reduced investment. At ECMWF, Metview is now being used interactively on Linux PCs and on IBM/AIX servers mainly for batch work. Elsewhere Metview is also used on SGI, SUN, HP and HP/Alpha workstations.


Metview was developed under a cooperative project between ECMWF and INPE/CPTEC, Brazil with assistance from Météo-France.

Figure 3: Metview window showing a vertical profile, cross section and temperature plots of difference between an analysis and forecast
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Figure 4: Metview functional diagram
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Volume production of plots


With Metview is has become feasible interactively to access, process and visualize meteorological data. In meteorological scientific visualization there has also been a continous demand for routinely pre-generated maps. This allowed the scientists to meet and discuss the printed maps posted on walls or to keep the maps for reference. Within the last couple of years there has been a strong move to have plots stored online rather than printed on paper. Although the interactive generation of plots is steadily increasing there is still a need for pre-generating plots in certain cases. Recently there has been a growing demand to routinely produce plots for ECMWF’s websites (see figure 5). Most of these plots are produced on servers running Metview macros as batch processes and the remaining are produced by MAGICS jobs. 

Figure 5: ECMWF home page
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3D-visualisation


Meteorological analyses and forecasts are calculated in both 3D space and time. Therefore it seems natural also to visualize meteorological information using 3D-visualisation techniques. ECMWF decided not to develop 3D features in MAGICS and Metview but instead to make use of the well-known Vis5D application (Hibbard and Santek, 1991) and make it callable from within Metview (see figure 6). So far the use of 3D visualisation in operational meteorology seems to have been rather limited, whereas this technology has been better accepted in educational and research environments, where its potential use in data visualization has been well documented (Wilhelmson et al, 1989; Hibbard and Kellum, 1999; Treinish, 2001; Szoke et al, 2001).

Figure 6: Vis5D application initiated from Metview
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Conclusion


ECMWF needed to have visualisation tools for the huge amount of information available for research and operational weather forecasting. As no acceptable package was found, an in-house development started. This has led to advanced packages that could be tailored to the ever-changing demands from the research and operational users working closely together at ECMWF. The Meteorological Services of the Member States have benefited from these developments as they have access to these packages.
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