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Development of 3D Visualization Technology for Meteorological Data

In Bum Seo, Min Su Joh and Ja Young Yun

Abstract. Meteorological data contains observation and numerical weather prediction model output data.
The computerized analysis and visualization of meteorological data often requires very high computing
capability due to the large size and complex structure of the data. Because the meteorological data is fre-
quently formed in multi-variables, 3-dimensional and time-series form, it is very important to visualize
and analyze the data in 3D spatial domain in order to get more understanding about the meteorological

phenomena. In this research, we developed interactive 3-dimensional visualization techniques for visu-
alizing meteorological data on a PC environment such as volume rendering, iso-surface rendering or
stream line. The visualization techniques developed in this research are expected to be effectively used

as basic technologies not only for deeper understanding and more exact prediction about meteorological
environments but also for scientific and spatial data visualization research in any field from which three-
dimensional data comes out such as oceanography, earth science, and aeronautical engineering.
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Table 1. Pressure Level Data

Press Lovel Units Le?)sitgistlg' C?)I\)'efl:trl:ée EZTE&?Q Levels

Air Temperature K 0.1

Geopotential Height m 1. 1000, 925, 850,
Relative humidity kg/kg 1. 2,595 2.5 188, ggg 3(5)8,
Specific humidity Pa/s 0.00001 (90N~90S, 6Hr 200, 150, 100.
Omega(Vertical Velocity) m/s 0.001 0E~357.5E) 70, ’50, 3’(), 20’,
U-wind m/s 0.1 10 hPa

V-wind m/a 0.1

Data Set Format & Size

* PData Format : NetCDF, ASCII, Binary,
HDF format
* File Size :245~521Mbytes

Table 2. Surface Data

Surface Variables Units Lein)sitgistlg. Spatial Coverage E%nggael Levels
Air Temperature °K 0.1
Surface Lifted Index °K 0.
Best(4-layer) Lifted Index °K 0.1
Potential Temperature °K 0.1
Precipitable Water kg/m® 0.1
Geopotential Height m 1. . .
Relative humidity % 1. (298N>13055, 6Hr Surfascﬁrnfiz:r the
Pressure Pa 10.0 OE ~357.5E) (995 Sigma Level)
Omega(Vertical Velocity) Pa/s 0.001
U-wind m/s 0.1
V-Wind m/s 0.1
Sea Level Pressure Pa 10.0
Geopotential Height(time invariant) m 1.0
Land-Sea Mask 1.0

Data Set Format & Size

* Data Format : NetCDF, ASCII, Binary, HDF format
* File Size : 30Mbyt
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Table 3. Surface Flux Data
Surface Variables Units Leia)sitgistlg. C?)I\)/ itrl:é e __E‘:’)nglrgaé Levels
Air Temperature at 2m K 0.1
Ice Concentration (Oorl) I.
Potential Evaporation Rate Wim? 1.
Pressure Pa 10.
Water Runoff kg/m? 0.1
Surfece Roughness m 0.00001
Specific Humidity at 2m kg/kg 0.0001
Soil Moisture(0~10cm) fraction 0.001
Soil Moisture(10~200cm) 0.001 é%%g;;i%%“sgdsd 6Hr Surface/near
Maximum Temperature dt 2in °K 0.1 OE~358.125E) | the surface
Minimum Temperature at 2m °K 0.1
Skin Temperature K 0.1
Temperature of 0~10cm layer °K 0.1
Temperature of 10~200cm layer °K 0.1
U-Wind at 10m ° ’ ‘ n/s 0.1
V-Wind at 10m m/s 0.1
Temperature at 300cm °K 0.1
Water Equivalent of Snow Depth kg/m? L.
Data Set Format & Size : lgia;teaSFi(Z)gI:atS ZAI/\[IS;S:EF ASCII, Binary, HDF format

Table 4. Other Flux Data

Variables not for the Surface Units Silg‘%?;;it Spatial Coverage| gz;f,lgr (;rga; Levels

Clear sky upwzird longwave flux W/m? 1.
Clear sky upward solar flux W/m? 1.
Downward solar radiation flux W/m? 1.
Pressure at high cloud bottom Pa 10. Nominal top of
Pressure at high cloud top Pa 10. T62 Gaussian Ziﬁgzg{:g:’ Igingt;{ilou d
Pressure at low cloud bott Pa 10. ( SSC;SN~ 6Hr bottom, Hiéh cloud top,
Pressure at low cloud t Pa 10. 88.542S, OF Low cloud bottom, Low
Pressure at middie cloud bott Pa 10. ~358.125E) Egl:gr;Olei\g:i(}gleclgl‘?;d
Pressure at middle cloud top Pa 10. top ’
Total cloud cover % 1.
Upward longwave radiation flux W/m? 1.
Upward solar radiation flux W/m? 1.

Data Set Format & Size : Eﬁ;a SFiZ{am:atS Z:I\I/\II]S;%]?F, ASCII, Binary, HDF format

Table 5. Tropopause Level Data

Variables at the . Least Sig. Spatial Temporal
Tropopause Units Digit Coverage Coverage Levels
Air Temperature °K 0.1 2.5° 2.5 o T
Pressure Pa 1.0 (90N~90S, 0E~357.5E) d ropopause

Data Set Format & Si

* Data Format : NetCDF, ASCII, Binary, HDF format
* File Size : 31Mbyt
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Table 6. T62 Spectral Coefficient

Variables as spectral - Least Sig. Spatial Temporal
coefficients Units Digit Coverage Coverage Levels

Divergence 1./s 0.1.

Orography m n/a.

Natufal Log f)f. Pressure Nlog (centibars) 1.0. ( 92015\1 ~2§% s, 6Hr Stillgascﬁrnfizzr
Spemﬁc humidity kg/kg 0.0001 0E~357.5E) (995 Sigma Level)
Virtual Air Temperature °K 1.0

Relative Vorticity 1./s 0.1

Data Set Format & Size

* Data Format : NetCDF, ASCII, Binary, HDF format
* File Size : 30Mbytes
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Fig. 1. NCEP/NCAR Reanalysis Data Structure.

Table 8. Available Data Set

Variables Dimension
Air Temperature 144 x 73 x 17
U-Wind 144 x73 x 17
V-Wind 144 x73%x 17
Geopotential Height 144 x 73 x 17
Relative Humidity 144 X 73 x 8
Relative Divergence 144 x 73 x 17
Relative Vorticity 144 x73x 17
Specific Humidity 144 x73x 8
Stream Function 144 x 73 x 17
Velocity Potential 144 x73x 17
Vertical Velocidt 144 x 73 x 12
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Table 9. The configuration of VEMD

1D tool 2D tool 3D tool
- World Map
_ -Data Visualization - Contour/Shading
— -Data Statistics
7% . . -2D Anomaly - Iso-Surface
-Timeseries . R
-Difference - Volume Rendering
- Wind Vector
v]al Interactive Analysis Tool 3D visualization and Analysis Tool
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Fig. 11. Open VEMD 3D Configuration file.
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Fig. 15. VEMD Wind Vector at 500hPa.

Fig. 16. VEMD Multi Objects Display.
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