
Abstract 

Valley regions within the Rocky Mountains frequently experience 

high wind events based on a variety of reasons. In the western 

Montana area there is a specific wind event that occurs almost 

daily, one to two days at most in between any two given events, 

that are observed during the summer. For this study the valley in 

which Missoula, MT is located in was the area of focus to 

determine the cause of these high winds and if they are 

forecastable. Based on the findings from the study indicated that 

the events were not caused by Chinook or Katabatic winds but 

rather due to layer mixing from the breaking of surface-based 

temperature inversions driving higher winds to the surface. Wind 

profilers with Radio Acoustic Sounding System (RASS) units are 

recommended for observing the strength of the winds above the 

temperature inversion and the location and size of the 

temperature inversion at any site that is experiencing these 

events. 
Introduction 

Within the Rocky Mountains there are several valleys that 

experience high wind events that are not associated with 

thunderstorms but are occurring on bright sunny summer days. 

There are known events that could cause these. There are 

damaging foehn winds, locally known as “chinook” winds that are 

loosely defined and generally described for the east slopes of the 

Montana Rockies (Oard, 1993). Mountain and Downslope winds 

are gravity induced winds that flow down mountain sides (Durran 

1990).  

 

This particular study focused on high wind events in the valley 

around Missoula, MT (see boxed area in Figure 1). This site was 

chosen for the reliable information that could be gathered from 

the National Weather Service in Missoula. The goal was to 

determine the cause of these high winds and the ability to 

forecast these events. It is important to be aware and understand 

these wind events because they can be destructive, causing 

motor vehicle accidents and power outages. 

 

Figure 1 – Map of Western Montana  

Methods 

  

 The data collected in this research were gathered from different 

sources. Surface observations were found on the Weather Underground 

archived data to locate specific wind events in the area. Ten cases were 

selected with no recorded rain to completely eliminate the possibility that 

these wind events occurred  due to gust fronts from thunderstorms and/or 

just the convection from the storm. After each case was found the start 

time, temperature, dew point, wind speed, and pressure along with the 

end time, temperature, dew point, wind speed, max wind gust, and 

pressure were recorded and summarized in a table. To better visualize 

these events, WSR-88D radar base velocity and VAD wind profiles were 

used to be show the strength and height of the gust front as it moved 

through Missoula (Figure 2). The images are perfect for this location 

because the National Weather Service is located right in Missoula so the 

mountains do not interfere with the wind data hitting the radar. These data 

were retrieved from the National Climatic Data Center (NCDC) archives 

and opened with NOAA Weather and Climate Toolkit. Skew-T examples 

were accessed from University of Wyoming’s weather archived data. 

Since there are no soundings in the city of Missoula, these skew-Ts are 

taken from Great Falls, Montana.  

Daily Wind Accelerations in Mountain Valleys in Western Montana 

Date Event Length 

(Hours) 

Temp 

Change (°C) 

Dew Point Change 

(°C) 

Wind Speed Change 

(kts) 

Difference between Max Wind & Gust 

Speed 

Pressure Change 

(hPa) 

5/23/2014 3 2.2 -1.1 8 19 -3 

5/31/2014 4 0.3 0.8 15 3 1 

6/1/2014 5 3.9 -4.4 19 10 -1 

6/3/2014 1 -5.1 0.9 19 18 3 

6/5/2014 2 3.9 -3.3 18 9 0 

6/6/2014 2 1 2.6 11 4 0 

6/9/2014 2 3.9 -1.1 17 9 -1 

6/10/2014 5 8.1 -4 16 10 -3 

6/13/2014 3 1.1 -4.4 16 6 3 

7/1/2014 1 4.4 -0.6 14 3 -2 

Average 2.8 2.37 -1.46 15.3 9.1 -0.3 

Table 1 – Changes of each variable for each case and overall average 

 

Figure 2- Wind Gust occurring on June 9th 2014 visible on Base Velocity Radar 

 

Figure 3- Velocity Azimuth display (VAD) Wind Profile of Wind Gust occurring on June 9th  Figure 4- Typical NOAA Wind Profiler with RASS profiler 

Figure 5- Temperature Inversion shown on Skew T 

 
Figure 6 – Elimination of Temperature Inversion show on Skew-T 

Results 

The cases examined show very strong winds associated with these 

events with upwards to 25 knots wind speeds with 35-40 knots gusts. The 

data collected showed there were no storms driving these events and the 

small temperature changes, shown in Table 1, appear to rule out they are 

Chinook or Katabatic winds. A final consideration was the possibility that 

higher winds aloft were reaching the surface. This can be caused by the 

cold temperature pools at the surface in the mountain valleys that form 

overnight causing surface-based temperature inversions. Figure 5 is a 

Skew-T plot that shows a typical temperature inversion in Great Falls, MT. 

Figure 6 is a skew-T that shows the temperature profile after the breaking 

of the inversion allowing the upper winds to move toward the surface The 

inversion starts to weaken at sunrise and usually takes 3 ½ - 5hrs unless 

the ground is wet (Whiteman, 1982). This corresponds well with the 

average event start time of 12:00 noon Mountain Time. This means that 

these wind gust can be forecasted from calculating the heating needed to 

break this inversion.  

The issue that lies is that resources to locate the inversions are not 

available right now in this location. Typically weather balloons are 

released sending back temperature and wind data used to plot Skew-T 

diagrams as seen in Figure 5 and 6. However adding these rawinsonde 

instrumentation at all locations would be very costly. However, installing 

wind profilers with RASS units could measure the wind and temperature 

profiles needed more frequently, every few minutes as opposed to every 

12 hours, at a much lower cost. 

Conclusion 

 The goal of this research was to be able to identify why these daily 

wind accelerations occur and if they are forecastable. The data collected 

and research done leads to the conclusion that these wind events are 

caused by temperature inversions breaking causing the winds from the 

upper level to mix down to the surface. The terrain of these areas can 

funnel these high winds to the cities that are located within these valleys. 

These wind events occur in more than just Missoula, they occur in Ennis, 

Livingston, and other cities in the Western Montana area. Installing wind 

profilers and the RASS units can aid the meteorologists predicting the 

onset time and strength of these wind events that occur. 
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