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Effective visualization of ensemble forecast data in real-time is a 
challenge…

Relies partly on good tools and partly on good taste.
I’ll mostly talk about the former.







In 2015, a real-time, WRF-based, convection-allowing forecast system was 
developed at NCAR/MMM.

Previous real-time systems were only run for short periods (e.g., a month) and mainly 
used NCL or RIP for visualization.

Development of real-time convection-allowing forecast system

New project provided a testbed for the usage of python-based tools to visualize and 
post-process WRF ensemble forecasts in real-time.

A new visualization package was developed with Python to run within the real-time 
forecasting framework.



Wanted something that would run fast and could scale well, taking advantage of 
NCAR visualization cluster resources (at the time, geyser/caldera).

Wanted to build a framework that would be easily adaptable for use with other 
forecast datasets and could easily make new products as ideas emerged.

Some constraints…

Wanted to separate the visual aspects of graphics (color table, interval frequencies, 
line widths, etc) from the actual plotting code, to rapidly iterate on best ways to 
effectively visualize convection-allowing ensemble data for users.

Wanted ability to plot novel convection-allowing ensemble fields.



Python-based post-processing system

Custom designed python package to visualize convection-allowing ensemble data (simply 
referred to as “webplot” internally, since it’s prime use-case is plotting for use on the web).

Very small footprint, not structured as official python package (yet)

Depends on output fields being available in WRF or MPAS output files (e.g., package will 
not compute CAPE). Some support for derived fields.

Dependencies: numpy, scipy, matplotlib, netcdf4-python, basemap.

https://github.com/rsobash/webplot

https://github.com/rsobash/webplot


Object-oriented based 
code: a new object is a plot 

type and can be run 
separately.

Model data read in once, 
then plotted on pre-stored 

basemap projection files for 
each region.



Arguments passed in to define 
what fields to plot.

Load map projection file, plot 
fields, titles, save png files.



./make_webplot.py –d=2019010800

-tr=40

-f=td2_mean

-b=wind10m_mean

-c=mslp_mean

-t=’Ensemble mean 2-m temperature (fill;F),
MSLP (contour; hPa), and 10-m wind (kts)'

Ensemble forecast date

Forecast hour/range

Fill field 

Barb field 

Contour field 

Title

Python-based post-processing system



Python dictionary to control plot properties

Python-based post-processing system



From Python dictionary…

'stp’ : {
'levels’ : [0.5,0.75,1.0,1.5,2.0,3.0,4.0,5.0,6.0,7.0,8.0], 
'cmap’       : readNCLcm('perc2_9lev’),
'fname’      : ['SBCAPE','LCL_HEIGHT','SR_HELICITY_1KM’,

'UBSHR6','VBSHR6’],
'arraylevel’ : [None,None,None,None,None],
'filename’   : 'upp’

}

Custom compute_stp() function computes STP using fields in ‘fname’
All NCL colormaps available by name

./make_webplot.py –d=2018060800 -tr=28 -f=stp_mean
-t=’Ensemble mean significant tornado parameter'

Python-based post-processing system



After fields read and derived fields computed, they are collapsed to mean/max/etc…















Custom products for convection-allowing ensembles…
- Probability matched mean products
- Paintball plots (filled contours of convective storms)
- Neighborhood probabilities and filtering/smoothing (Both NEP and NMEP)
- Overlays of MRMS products (e.g., precipitation/reflectivity/rotation tracks)
- Overlays of archived NWS warning shapefiles

Python-based post-processing system













• NCAR WRF Ensemble
~1000, 10-member, 3-km dx, full-CONUS WRF forecasts. Real-time forecasts.

• WRF grid-spacing sensitivity study
~500 deterministic, 1-km & 3-km dx, full-CONUS WRF forecasts. Retrospective forecasts.

• Convection-allowing MPAS ensembles
35, 10-member, 3-km grid spacing over CONUS (15-km elsewhere). Retrospective forecasts.

Usage of webplot package with other forecast datasets



Modifications for MPAS ensemble output
MPAS uses unstructured grid, which presents some challenges when using webplot in its current form.

New capabilities in development:
- MPAS output is often in netCDF4, building in xarray usage (MFDataset doesn’t support 

netCDF4).

- Modifications to contour function calls for unstructured data (e.g., tri=True).

- Added interpolation functions to place fields on structured grid. Needed for things like two-

dimensional smoothing and plotting of thinned wind barbs.

Python-based post-processing system



qsub –q share –W 00:05 –n 1 –P P123456
./make_webplot.py –d=2015080600 -tr=12 -f=t2_var -t=’Ensemble spread 2-m T’

Produces a plot for each of 9 regions (CONUS, NE US, SE US, etc.)

Each product (e.g., 2-m temperature mean, spread, max, etc.) run as a separate job, submitted by a master 
script.

System can handle a lot of products run in real-time…

~200 individual products for each forecast hour, spread out over 4 hr period
~5,000 jobs per day on DAV cluster (many jobs grouped together)

~120,000 graphics per forecast (for 60-hr forecast)

Use of NCAR cheyenne/casper supercomputer



Use of DAV cluster
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Rather than using post-processing tools to compute convective-scale diagnostics, 
much more efficient to compute in WRF.

Takes advantage of WRF parallelism and in-memory arrays.

Using WRF build with UPP diagnostics computed in module_diag_misc.F
- CAPE / CIN for various parcels
- Shear over variety of layers
- Storm-relative helicity for variety of layers
- Bunkers storm motion estimates

Computing convective diagnostics inline within WRF/MPAS



Future developments

o More efficient I/O for similar products (e.g., 2-m temperature mean/max/spread).

o Replace netcdf4-python and basemap with xarray and cartopy.

o Improvements for handling MPAS data (can be slow for fine meshes).

o Support for Python 3.

o Ability to download and plot NCEP convection-allowing guidance (HRRR/HREF) in real-time.

Early version available on github: https://github.com/rsobash/webplot

Examples of graphics: http://ensemble.ucar.edu

https://github.com/rsobash/webplot
http://ensemble.ucar.edu/

