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Fig. 1: Multiple-Directional Non-Maximum Suppression Method 
(MDNMS) and application in gust front tool.  (a) MDNMS summary 
and illustration of search directions and distances.  (b) Examples of 
threshold criteria used with MDNMS method in the gust front 
tool.  The flexibility in parameter values allows for adjusting 
identification for different convective environments.
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3. 3 JULY 2017 CASE
On 3 July 2017 (CDT) a mesoscale convective system on the Oklahoma-Kansas border 
produced a strong gust front that moved southeast.  Wind gusts in excess of 57 kt, 
temperature falls of 25 °F (13.9 °C), and pressure rises of 7 mb accompanied the gust 
front’s passage.  Figures 2(a) and 2(b) show the observations from Gage, OK (passage 
at ~2300 UTC 3 July), marked KGAG in Fig. 3.  Figure 3 shows the analyzed southward-
moving outflow boundary at 0100 UTC 4 July.

2. GUST FRONT TOOL
The tool has two application modes.  In the first, it diagnoses and plots selected meteorological 
fields to identify potential gust fronts.  In the second, it determines discrete edges from the 
gradients in such fields using the Multiple-Directional Non-Maximum Suppression (MDNMS) 
method (Sun and Vallotton 2009) using filters based on threshold criteria to focus on convective 
outflow environments.  Figures 1(a) and 1(b) summarize the MDNMS technique and filter criteria.  
An initial version of the tool has been applied to convective events over both simple and complex 
terrain.

(1) Great Plains gust front— OK/TX 3 July 2017 (simple terrain, no fire)
(2) Colorado mountain gust front— CO 7 May 2017 (complex terrain, no fire)

The tool first diagnoses selected boundary-relevant surface fields: (i) frontogenesis; (ii) hourly 
vector wind difference; or (iii) potential temperature (θ) gradient.  The MDNMS component has 
performed best with the surface θ gradient.

5. SUMMARY

For wildland fire forecasting applications, we have developed an initial version of a tool for objectively identifying 
gust fronts in NWP model forecasts.  It operates in both deterministic and ensemble model configurations.  The tool 
can reveal gust front locations based on wind shifts, frontogenetic zones, and potential temperature gradients and 
furthermore can reveal discrete boundaries using the Multiple-Directional Non-Maximum Suppression technique.  
As the tool is model-reliant, we note that a basic limitation on its performance is the accuracy of the underlying NWP 
model forecast. 

Fig. 3: Surface observations from 0100 UTC 4 July 
2017 with analyzed position of gust front.  Location 
of Gage, OK, underlined and labelled KGAG.

Fig. 7: (a) Gust front tool MDNMS-identified (surface θ-gradient) outflow boundaries in the 10-member NCAR WRF ensemble 
for the 24-h forecast valid 0000 UTC 4 July 2017.  (b) Probabilities of gust fronts within 40 km of a given point based on gust 
front tool MDNMS-identified outflow boundaries.  Probabilities shaded, scale at bottom (scale 0–1= 0%–100%).  
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1. BACKGROUND
Outflow from thunderstorms can dramatically impact wildfire intensity, spread rate, and spread 
direction, posing significant danger to firefighters.  To assist fire weather forecasting we have 
developed a tool to objectively identify convective outflow boundaries in high-resolution numerical 
weather prediction (NWP) model output.  The tool works with both deterministic and probabilistic 
forecasts and has initially been applied to output from: (i) the High Resolution Rapid Refresh (HRRR) 
(Benjamin et al. 2016) system and (ii) the National Center for Atmospheric Research (NCAR) 
convection-permitting ensemble (Schwartz et al. 2015), both of which employ the Weather Research 
and Forecasting (WRF) Model (Skamarock et al. 2008). 

Fig. 2: Surface observations from 1200 UTC 3 July–1200 UTC 4 July 2017 from Gage, OK.  (a) Wind speed, 
direction, gusts.  (b) Temperature, dewpoint temperature, and relative humidity.  Location of Gage (KGAG) shown 
in Fig. 3.

4. 7 MAY 2017 CASE
On 7 May 2017 a NW-SE-oriented line of convection developed along the Continental Divide in the Colorado Rockies 
and produced a long-lived, eastward-propagating outflow boundary.  Figure 8 shows surface time series from 
Boulder, CO (marked BOU in Fig. 9) where a 52 mph (45 kt/23 ms-1) wind gust was accompanied by an abrupt 22°F 
(12°C) temperature decrease.

The HRRR forecast produced two waves of convection.  Figures 9(a) and 9(b) show the tool’s hourly vector wind 
difference and surface frontogenesis fields for 2000 UTC 7 May (forecast hour 4, 1600 UTC initialization).  One 
outflow boundary moved east over the Plains (“A”), while a second was over the complex topography (“B”) to the 
west.  The HRRR thus can simulate gust fronts in complex mountain topography, and the tool can reveal them.

The MDNMS tool (Fig. 10) shows the identified boundaries in the NCAR ensemble at 2200 UTC 7 May 2017 (22-h 
forecast).  The first and third members (left and right panels) have long, and coherent outflow boundaries east of the 
mountain convective initiation region, similar in mode to that observed. 

Fig. 4: Outflow boundary fields from 5-h HRRR forecast valid 0100 UTC 4 July 2017.  Instantaneous 
surface wind field (full barb= 10 kt) also shown.  (a) One-hour vector wind difference (sfc) (m s-1) 
(shaded, scale at bottom).  (b) Surface frontogenesis (K 100 km-1 h-1) (shaded, scale at bottom).

Fig. 5: (a) Surface potential temperature (θ) gradient field (deg 100 km-1) (shaded, scale at bottom) in 24-h forecast from three members of the NCAR ensemble 
(valid: 0000 UTC 4 July 2017) in northern TX/southwestern OK.  Instantaneous surface wind field (full barb= 10 kt) also plotted. (b) Surface frontogenesis field 
(100 km-1 hr-1 deg 100 km-1) (shaded, scale at bottom).

Fig. 6: Gust front tool MDNMS-identified outflow boundaries in members of the NCAR WRF ensemble for the 24-h forecast 
valid 0000 UTC 4 July 2017.  MDNMS method applied to the surface θ-gradient field (Fig. jul3_thetagrad), and boundaries 
marked by connected black line segments. Surface wind field (full barb= 10 kt) also plotted..

Fig. 9: Outflow boundary tool output from the HRRR forecast valid 2000 UTC 7 May 2017.  Instantaneous surface wind 
field (full barb= 10 kt) also shown.  “A” and “B” mark locations of boundaries.  BOU marks Boulder, CO.  (a) One-hour 
vector wind difference (sfc) (ms-1) (shaded, scale to right).  (b) Surface frontogenesis (K 100 km-1 hr-1) (shaded, scale to 
right).

Fig. 8: Surface observations from 1200 UTC 7 May–1200 UTC 8 May 2017 from Boulder, CO.  (a) Wind speed and direction 
and wind gusts.  (b) Temperature, dewpoint temperature, and relative humidity.  

Fig. 10: Convective outflow 
boundaries identified by 
MDMNS method (black 
outlines) from three 
members of the NCAR 
ensemble, forecast hour 22 
from 0000 UTC 7 May 2017 
initialization.  Surface winds 
(full barb= 10kt) and surface 
frontogenesis (shaded, scale 
at bottom: K 100 km-1 h-1) 
shown.
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Figure 4 shows tool-diagnosed fields at 0100 UTC 4 July based on the 4-h HRRR forecast (2100 UTC 3 July 
initialization).  Figure 4(a) presents the one-hour surface vector wind difference (shaded).  With the tool 
depicting surface frontogenesis, the product in Fig. 4(b) shows a much sharper analysis of the forecast 
gust front zone. 
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From the NCAR ensemble 24-h forecast valid 0000 UTC 4 July, Fig. 5(a) shows three members’ θ-gradient fields.  The 
gradient maxima (green-red shading) imply gust front boundaries, as do the maxima revealed by in tool’s surface 
frontogenesis depiction in Fig. 5(b).  Figure 6 shows the tool’s MDNMS capability applied to the θ-gradient field and 
illustrates its determination of discrete boundaries.  These types of products can alert fire forecasters to potential gust 
fronts. 

Fig. 7(a) shows a “paintball” plot of all of the gust fronts in the ensemble identified by MDNS applying the θ-gradient 
analysis. Aggregating these results, Fig. 7(b) presents the ensemble-based probability of a gust front within 40 km of a 
given point.
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