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Bottom Line Up Front

1) Current high-resolution operational numerical weather prediction models
(e.g. 3-km HRRR) can produce realistic convective gust fronts.

2) A tool has been developed to objectively identify these gust fronts from the
standard model output.

3) Ensembles of high-resolution forecasts can provide a probability of gust
fronts at a given location.

4) Gust fronts can be detected over mountainous terrain using current mesonet
observations and gust fronts over the mountains are produced in the models.



What is a gust front?

A gust front is the leading edge of a thunderstorm’s 
downdraft near the ground. It is accompanied by a significant 
wind shift (in speed and/or direction), a temperature drop, 
pressure rise, and possible increase in relative humidity. The 
strength of a gust front is determined by the strength of the 
downdraft which is determined by many factors such as 
vertical windshear, the thermodynamic profile, rainfall 
amount, storm motion, etc.

Gust fronts can be generated by large convective systems, 
supercells, individual thunderstorms, and even by weak virga 
showers where no rain reaches the ground.

The essential characteristic of a gust front is a surface wind 
shift.

CCOPE project, Montana 1981



Detecting Gust Fronts in Numerical Model Output

The High-Resolution Rapid Refresh 
(HRRR) is based on WRF-ARW and run 
operationally at NCEP. Initialized 
hourly, forecasts extend to 18-h except 
at 00, 06, 12, and 18 UTC when they 
extend to 36-h. Forecasts cover the 
CONUS at 3-km horizontal resolution.

The NCAR WRF-ARW experimental 
ensemble covers the same 
geographical area at 3-km resolution, 
but includes 10 members initialized 
once per day at 00 UTC (6 p.m. MDT) 
with forecasts extending out to 48-h.



Detecting Gust Fronts in Numerical Model Output

The gust front detection tool is comprised of standard 2-dimensional output fields. 
Three diagnostic fields are used by the tool:

• Frontogenesis  -- a mathematical description of the processes which act to 
increase a temperature contrast.

• Hourly vector wind difference

• Potential temperature gradient (θ)

The tool can either 1) plot these diagnostic variables for manual identification of gust 
fronts, or 2) objectively identify gust fronts using the Multiple-Directional Non-
Maximum Suppression method (MDNMS) (Sun and Vallotton 2009). 



Classical Great Plains gust front – 03 July 2017
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Gage, OK: Winds gusted to 66 mph out of the north 
with a sharp drop in temperature as the gust front 
passed.



One-hour vector wind difference greater than 5 m s-1

shaded in blue. Surface frontogenesis (K 100 km-1 h-1) shaded in red.

Gust front tool output from the 4-h HRRR forecast initialized at 21 UTC 3 July 2017



An example of the numerical forecast variability of gust fronts

The 24-h forecast of surface frontogenesis (K 100 km-1 h-1) from 3 members of the ensemble along 
with surface wind barbs (full barb = 5 m s-1).

00 UTC 4 July 2017



Objective determination of gust front boundaries



Objective determination of gust front boundaries



24-h forecast of gust front 
locations from all 10 
ensemble members valid 
at 00 UTC 4 July 2017.

Each color represents an 
independent 3-km 
forecast.



Probability of a gust front 
within 40 km (25 nm) of a 
given point based on the 
objectively-identified gust 
front locations from all 10 
ensemble members valid 
at 00 UTC 4 July 2017.



Gust front

Colorado Front Range gust front – 7 May 2017

Denver radar reflectivity 2128 UTC Madis surface observations 2130 UTC



At Central City, the gust front passed around 21 
UTC with a strong wind shift, wind gusts, and 
temperature drop. Gust fronts do exist over 
mountainous terrain and can be detected by the 
mesonet.



Gust front tool output from a 4-h HRRR forecast valid at 20 UTC 7 May 2017. One-hour vector wind difference (left) 
and surface frontogenesis (right). The HRRR produced two gust fronts (marked A and B).



An example of the numerical forecast variability of gust fronts

The 22-h forecast of surface frontogenesis (K 100 km-1 h-1) from 3 members of the ensemble along 
with surface wind barbs (full barb = 5 m s-1) valid at 22 UTC 7 May 2017.

22 UTC 7 May 2017
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1) Current high-resolution operational numerical weather prediction models (e.g.
3-km HRRR) can produce realistic convective gust fronts.

2) A tool has been developed to objectively identify these gust fronts from the
standard model output.

3) Ensembles of high-resolution forecasts can provide a probability of gust fronts at
a given location.

4) Gust fronts can be detected over mountainous terrain using current mesonet
observations and gust fronts over the mountains are produced in the models.

Summary



• The accuracy of the gust front forecast depends on the quality of the convective 
forecast.

• 60-minute HRRR output is sufficient for gust front detection. It is not vital to have 
30-minute HRRR output. 

• Temperature gradients due to elevation changes in the mountains complicates 
gust front detection. Work is ongoing to refine the tool over complex terrain.

• There is usually a noticeable jump in the first hour HRRR fields. The 1-h forecast 
is probably not useful for GF detection. The best forecasts are from 2 to 4 hours 
(which provide only 0 to 2 hours of lead time). Longer forecasts may require the 
ensemble probability approach.

• The tool is fast. 

Summary



Thank you for your kind attention!
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