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Abstract: 
As wind gusts are largely responsible for tree blowdown, they are of great economic 
importance.  However, only mean wind values, not wind gusts, are usually measured or 
predicted.  Gust factors, the ratio of the maximum wind gust speed to mean wind speed, 
allow an estimate of gust magnitude to be made from the mean wind speed.  Typically, 
predicted wind values from numerical weather prediction models and the hourly 
observations from climate stations do not provide wind gusts, thus, it is necessary to 
utilize gust factors to estimate wind gusts from the measured or predicted mean wind 
speed.  This study is a subcomponent of a larger multi-year thesis project where the wind 
environment of coastal British Columbia is being mapped as a tool for blowdown 
mitigation.  In this study, gust factors were calculated for 77 western BC Environment 
Canada climate stations using hourly data from 1995 through 1999.   Gust factors were 
not found to be correlated to atmospheric stability, to terrain roughness (standard 
deviation of elevation) or to station elevation.   Gust factors were found to be non-linearly 
negatively related to mean wind speed.   For these 77 stations, the gust factor of the 10 
minute gust to the 2 minute mean was found to approach a constant value of 1.22 for 
mean wind speeds greater than 60 km/h.  A preliminary investigation of the influence of 
wind sampling period was conducted using data from two climate stations over a time 
period of 1996 through 2002.  At these two stations, for mean wind speeds greater than 
60 km/h, the gust factor of the 10 minute gust to the 2 minute mean was 1.19, the gust 
factor of the 60 minute gust to 60 minute mean was 1.35, the gust factor for the 10 minute 
gust to 10 minute mean was 1.20, and the gust factor for the 60 minute gust to the 2 
minute mean was 1.26. 
 
Key words:  wind, gust factors, blowdown, wind mapping, climate stations 
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Evaluation of project outcome: 
The stated project outcome of “outlining techniques for predicting gusts for Environment 
Canada climate stations from mean winds” was achieved.   The stated project outcome 
was listed in Modification Agreement dated March 23, 2002.   In addition, data was 
collected for subsequent analysis in later portions of the thesis.   Preliminary project 
results (gust factor analysis) were presented at the Canadian Association of Geographers 
Conference at the University of Victoria. 
 
Assessment of applicability:   
The gust factors presented in this report will allow resource managers to estimate the gust 
wind speed largely responsible for tree blowdown from mean wind speeds.   These gust 
factors will be utilized in later portions of the thesis project to estimate wind gusts from 
predicted mean wind values.  In addition, the gust factors will likely be of use for forest 
fire meteorology. 
 
Contributions to Knowledge Gaps: 
As outlined in the final report gust factors were determined for coastal British Columbia 
climate stations using a large sample size.  Due to the lack of available hourly gust 
observations at climate stations, a determination of gust factors for coastal BC has not 
been completed previously. 
 
Operational variances: 
With the permission of the Forestry-Innovation Investment, the scope and funding of this 
year’s portion of the project were reduced (Modification Agreement dated March 23, 
2002) to take best advantage of the reduced time period for this year’s research program.  
In subsequent years, the larger thesis project will map winds in coastal British Columbia 
(utilizing the gust factor analysis presented here) and will include an evaluation of the 
accuracy of numerical models.  It should be noted that repeated computer hardware 
failures required considerable time to resolve. 
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Introduction 
 
This short duration Forestry Innovation research project is a subcomponent of a larger 

thesis project that is modelling and mapping extreme winds for past storms responsible 

for tree blowdown.   Most numerical wind models only generate instantaneous or mean 

winds, not the wind gusts that are thought to be primarily responsible for tree blowdown.   

Similarly, many climate stations only record hourly winds, not hourly gusts.  Thus, a 

method is required to estimate wind gust from measured or modeled mean wind speeds. 

 
GUSTS are defined as a: 
 “sudden , rapid, and brief changes in wind speed” (Environment Canada, 1977) 
 
GUSTS are only measured at Environment Canada climate stations when: 
 
 (a) the GUST is at least 5 knots higher than current 2 minute average 
 (b) the GUST magnitude is at least 15 knots  
 
The gust factor concept is a simple method of estimating wind gusts from mean winds: 
 
Gust Factor =     Measured Wind Gust 
               Measured Mean Wind 
 
To obtain an estimate of the gust the measured (or modelled) mean wind is multiplied by 

the gust factor. 

 

A simple method is required to estimate gusts from mean winds including estimates of 

mean winds from numerical models.  The wind gust estimation method must be 

applicable to available standard climate station input data.   Sophisticated gust models 

such as those by Greenway (1979) that utilize the wind turbulence spectrum are not easily 

applied to British Columbia climate stations or numerical model output as the input 

variables required are not measured (or easily modeled), and such sophisticated models 

are more suited to research applications where all the required input variables are 

available. 
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As such, the objective of this study is to derive a practical method to estimate gusts by 

calculating gust factor values from observed hourly maximum and hourly mean wind 

speed values for Environment Canada climate stations in coastal British Columbia. 

 
Methodology 
 
A significant challenge to researching gust factors is obtaining gust wind data as the 

present Environment Canada hourly climate archive does not contain gust data, only 

hourly mean winds on the hour.  A partial solution is to use hourly METAR 

(Meteorological Aeronautical Report) data designed for near real-time aviation purposes.  

METAR data is advantageous in that additional supplemental (special) observations are 

taken at the time of major storms, not just at the hourly intervals.  However, as METAR 

format data is designed for aviation purposes, very little quality control is completed on 

this data to allow for its near real-time release to pilots.   

 

Gust factors derived from the ratio of 10 minute gust wind speeds to 2 minute mean wind 

speeds were calculated for the METAR data composed of hourly and supplemental 

meteorological observations using SAS software for the 77 Environment Canada climate 

stations depicted in Figure 1.   

 

The influence of atmospheric stability on gust factors was investigated by plotting the 

calculated gust factors versus Pasquill (1961) stability classes.   Turner’s (1961) method 

for calculating the Pasquill stability classes was utilized to calculate the stability class 

corresponding to each data.   Turner’s method estimates the stability class based on 

ceiling height, cloud cover, wind speed and calculated solar elevation (an index of 

potential solar radiation).  Turner’s method allowed stability to be estimated using routine 

climate station measurements. 

 

The influence of terrain roughness on gust factors was investigated by plotting standard 

deviation of terrain elevation (an index of terrain roughness) for each 30° wind direction 

sector against the calculated gust factors.   The cells corresponding to each 30° compass 

direction bin (Figure 2) were queried around each climate station from a 1 km digital 
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elevation model (Hastings and Dunbar, 1998) using Idrisi GIS software.   Standard 

deviations were calculated for the 12 cells in each 30° directional bin. 

 
The influence of wind measurement sampling interval on calculated gust factors was 

determined by calculating gust factors for varying maximum wind and mean wind 

periods for two coastal stations (Agassiz in the Fraser Valley, and Sheringham Point on 

Vancouver Island) for the period 1996 to 2002.    For these two stations, gust factors were 

calculated using mean hourly wind averaging periods of 2 minutes, 10 minutes and 60 

minutes; and maximum hourly wind sampling periods of 10 and 60 minutes.   

 

The gust factors calculated from the 77 British Columbia climate stations were compared 

to a range of predicted potential gust factors calculated using the Wieringa (1973) gust 

model using aerodynamic roughness lengths determined from Oke (1987), Campbell and 

Norman (1998), Jarvis et al. (1976), and Jones (1992). 
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Figure 1. Location of the 77 Environment Canada climate stations used to calculate 

gust factors of 10 minute gust wind speeds to 2 minute mean wind speeds. 



 7 

 

   315 -345 345 - 15 345 - 15 345 - 15 15 - 45    

  
285-315         
315-345

315 -345 315 -345
315-345         
345-15

345 - 15
345-15        
15-45

15 - 45 15 - 45
15-45              
45-75

  

285 - 315
285-315         
315-345

315 -345
315-345         
345-15

345 - 15
345-15        
15-45

15 - 45
15-45              
45-75

45-75

285 - 315 285 - 315 285 - 315
285-315         
315-345

315 -345 345 - 15 15 - 45
15-45              
45-75

45-75 45-75 45-75

255-285
255-285 285-

315
255-285 285-

315
285 - 315

285-315         
315-345

345 - 15
15-45              
45-75

45-75
45-75             

75-105
45-75             

75-105
75 - 105

255-285 255-285 255-285 255-285 255-285 C 75 - 105 75 - 105 75 - 105 75 - 105 75 - 105

255-285
225-255 255-

285
225-255 255-

285
225-255

195-225                    
225-255

165-195
105-135          
135-165

105 -135
75-105          

105-135
75-105          

105-135
75 - 105

225-255 225-255 225-255
195-225                    
225-255

195-225 165-195 135-165
105-135          
135-165

105 -135 105 -135 105 -135

225-255
195-225                    
225-255

195-225
165-195         
195-225

165-195
135-165          
165-195

135-165
105-135          
135-165

105 -135

  
195-225                    
225-255

195-225 195-225
165-195         
195-225

165-195
135-165          
165-195

135-165 135-165
105-135          
135-165

  

  195-225 165-195 165-195 165-195 135-165     

 
 
Figure 2. The standard deviation of elevation in each 30° compass directional sector 

was determined using the scheme above for 12 cells (including centre) for 
each sector.  The directional sector range is marked in each cell.  Some cells 
on the boundaries of two sectors are included in both sectors and are marked 
with two directional sector ranges.  This grid was superimposed at each 
climate station with the station being located in the centre square. 
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Results and Discussion 
 
Of the 1.3 million hourly observations processed from the 77 western British Columbia 

climate stations (Figure 1), only 111 thousand met the definition of a gust presented in 

the introduction.  Thus, approximately 9% of the time wind conditions were gusty.   

Thus, gust factors could only be calculated for approximately 9% of the data.  This 

amount was further reduced by data quality concerns where questionable values 

(unusually high) were discarded.  

 

There was little correlation between gust factors and any of the following factors: 

atmospheric stability (Figure 3), the standard deviation of terrain roughness (Figure 4), or 

station elevation (Figure 5). 

 

High speed wind being forced over rough terrain leads to increased (mechanical) 

turbulence and gusts.  Thus, it was expected that a relationship between gust factor and 

terrain roughness would be found.  However, no observed relationship between gust 

factor and terrain roughness (indicated by the standard deviation of elevation) was 

observed (Figure 4).  It is likely that this is due the coarseness of the 1 km digital 

elevation model utilized for this study.  Additionally, the appropriate fetch length that 

influence wind around climate stations may have to be further investigated.  Finally, 

other measures of topographic terrain roughness other than standard deviation may relate 

to mechanical turbulence in a more meaningful way.  It is recommended that further 

studies relating mechanical turbulence and terrain roughness utilize a fine resolution 

DEM with varying sector lengths around each climate station. 

 
There was a negative non linear relation observed between the gust factor (10 minute gust 

over 2 minute mean) and the 2 minute mean wind speed (Figure 6).  The observed 

vertical banding in the plot (Figure 6) is likely due to unit conversions and the fact that 

wind speed was measured with an accuracy of whole integer knots.  The variability of the 

gust factor value decreases as the mean wind speed increases (Figure 6).  This can be 

observed in Table 1 where the standard deviation and range (maximum – minimum) of 
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gust factors for wind speeds greater than or equal to 60 km/h was less than the standard 

deviation and range gust factors for wind speeds less than 60 km/h.     

 

For the 77 climate stations, the gust factor of 10 minute gust to the 2 minute mean was 

found to approach a constant value of 1.22 for mean wind speeds greater than 60 km/h 

(Table 1).   Wieringa (1973) summarizes observed gust fact values from the literature in 

the range of 1.01 to 2.1.  Harden et al. (2000) observed gust factors on the a floating 

bridge in Lake Washington in Seattle and found that gust factors for a five minute mean 

approach 1.20.  The results from this study are extremely consistent with Harden et al. 

(2000).   Water has a very low aerodynamic roughness length (Oke, 1987), and as most 

Environment Canada stations in coastal BC (Figure 1) are close to the ocean it could be 

argued that gust factors in coastal BC are artificially low.  However, given that the 

maximum gust observed (including the inland stations such as Pemberton, Figure 1) for 

mean winds greater than 60 km/s was only 1.8, (Table 1) it seems likely the estimate of 

1.22 is reasonable. 

 
For Agassiz and Sheringham Point where gust data for additional time periods was 

available it was found that gust factors increase with increasing gust sampling period 

(Table 2).   At these two stations, for mean wind speeds greater than 60 km/h, the gust 

factor of the 10 minute gust to 2 minute mean was 1.19, the gust factor of the 60 minute 

gust to 60 minute mean was 1.35, the gust factor for the 10 minute gust to 10 minute 

mean was 1.20, and the gust factor for the 60 minute gust to 2 minute mean was 1.26.   

These values are consistent with Harden et al. (2000) who found for Lake Washington, 

that gust factors increased from 1.20 to 1.32 to 1.35 as the gust sampling (and mean) 

sampling interval increased from 5 minutes to 30 minutes to 60 minutes. 

 

The relationship between gust factor and mean wind speed for the Aggasiz and 

Sheringham Point is depicted in Figures 7 through 10.  Comparing Figure 7 (gust factor 

of 60 minute gust over 60 minute mean versus mean hourly wind speed) to Figure 10 

(gust factor of 10 minute gust over 10 minute mean versus mean 10 minute mean wind 

speed) it can be seen that there is more variability in low wind speed gust factors in 
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Figure 7 (60 minute gust and mean) than in Figure 10 (10 minute gust and mean), 

indicating that with a larger gust sampling interval (60 minutes versus 10) there is more 

variability in the gust factor.  This increased gust factor variability in the 60 minute gust 

relative to the 10 minute gust is also captured in the standard deviation of the gust factor 

(Table 2).  For wind speeds greater than 60 km/h, the 60 minute gust over 60 minute 

mean wind speed gust factor had a standard deviation of 0.284, while the 10 minute gust 

to 10 minute mean wind speed gust factor had a standard deviation of 0.079.  Similarly 

for wind speeds less than 60 km/h the 60 minute gust over 60 minute mean speed gust 

factor had a standard deviation of 0.738, larger than the standard deviation of 0.453 for 

the gust factor of 10 minute gust over 10 minute mean. 

 

The predicted Wieringa gust factors (Figure 11) were larger for most wind speeds than 

those in the 77 climate stations partly due to the fact that the Wieringa model estimates 

hourly gusts from hourly means while the observed gusts were 10 minute gusts estimated 

from 2 minute hourly means.  A surface roughness of 0.003 m (Figure 11) corresponds to 

a very short grass (Oke, 1987) while a roughness length of 4 m (Figure 11) corresponds 

to a Douglas-fir, Pseudotsuga menziesii, with a height of 28 meteres (Jarvis et al., 1986).  

Generally, the aerodynamic roughness length increases with vegetation height (Campbell 

and Norman, 1998; Jones, 1992).  For the grass and Douglas-fir the Wieringa model  

predicts a gust factor of 1.24 and 3.09 at 80 km/h.  The observed Sheringham Point and 

Agassiz (60 minute gust, 60 minute mean) gust factor for wind speed greater than 60 

km/h was 1.35 (Table 2).  Given an adequate description of vegetation, the Wieringa 

model appears to give a reasonable estimate of the 60 minute gust factor when compared 

to the Agassiz and Sheringham Point data.   However, as Environment Canada utilize two 

minute means and 10 minute gusts for wind observations at climate stations, the Wieringa 

model should not be directly utilized with two minute mean wind data in British 

Columbia as it will overestimate the 10 minute gust factor. 

 
In addition to being influenced by vegetation, the aerodynamic roughness length, zO, also 

increases with topographic roughness.   For example, Nappo (1977) determined zO =3.5m 

in the Tennessee River Valley where the mountains extended 100-150 m from the valley 
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floor.  In British Columbia, it is not uncommon for mountains to extend 1000 m from the 

valley floor, thus it would be expected that aerodynamic roughness lengths values would 

me much higher in British Columbia than in Tennessee and this would lead to very high 

predicted gust factors using the Wieringa model.  Similarly, in Croatia, Cividini (1994) 

found that the Wieringa gust model did not perform well in complex terrain. 

 

Gust factors are commonly computed using mean hourly winds and the maximum gust 

over the same hourly period.  Unfortunately, such data is not available for Environment 

Canada climate stations. 

 
Environment Canada measure gusts over a 10 minute period ending on the hour, while, 

means are measured over a 2 minute period ending on the hour.   Gusts can occur in the 8 

minutes before the 2 minute sampling period for the mean, resulting in means not 

capturing the gust and being lower than if the mean was measured over the 10 minute 

gust period (see below). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
True hourly maximum winds would be extremely useful for studies of extreme winds 

such as building design or tree blowdown.    As, such, it would be beneficial if the 

Government of Canada could provide the Meteorological Service of Canada with 

additional funding for the collection and archiving of true hourly mean and hourly 

maximum winds.    
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Figure 3.    The relationship between gust factor and Pasquil stability class for the 77 

climate stations.  Note the physical explanation of the stability classes 
provided along the top of the graph. 
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Figure 4.    The relationship between gust factor and directional terrain roughness (as 

indicated by the standard deviation of elevation) for the 77 climate stations. 
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Figure 5.     The relationship between gust factor and station elevation for the 77 climate 

stations. 
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Figure 6.    The relationship between gust factor (10 minute gust and 2 minute mean) and 

the 2  minute mean wind speed for the 77 climate stations depicted in Figure 
1.  Note the banding in the plot due to unit conversions.   A non-linear 
function y=(a*b+c*x^d)/(b+x^d) was fit where  a=32.630466, b=2.6041348,        
c=1.1982311, d = 1.6842123 (r=.83, std error 0.21).   Extremely large gust 
factors near zero mean wind speed have been omitted from the plot as at low 
mean wind speeds even a small gust will result in a large gust factor. 
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Table 1.   Gust factors for the 77 stations (Figure 1) by wind speed range.  Gust factors 
should only be used for wind speeds >= 60 km/h where the relationship 
between gust factors and mean wind speed is relatively constant, thus, a gust 
factor of 1.22 should be utilized.  

 
Wind 
Speed 
Range 

GF Sampling Period Mean 
GF 

Standard 
Deviation 

Max 
GF 

Min 
GF 

N 

       
All 10 minute gust over 2 

minute mean 
1.533 0.463 29.00 1 111039 

       
>= 60 
km/h 

10 minute gust over 2 
minute mean 

1.218 0.074 1.821 1.000 9262 

       
<60 
km/h 

10 minute gust over 2 
minute mean 

1.562 0.473 29.00 1.00 101777 

 
 
 
 
 
 
 
Table 2.   Gust Factors for Sheringham Point and Agassiz by sampling period and wind 

speed range.  Note to ensure data quality, many observations were disregarded.   
Gust factors should only be used for wind speeds >= 60 km/h where the 
relationship between gust factors and mean wind speed is relatively constant. 

 
Wind 
Speed 
Range 

GF Sampling Period Mean GF Standard 
Deviatio

n 

N 

      
All 10 minute gust over 10 minute mean 

10 minute gust over 2 minute mean 
60 minute gust over 60 minute mean 
60 minute gust over 2 minute mean 

1.563 
1.569 
1.995 
2.016 

0.453 
0.628 
0.738 
1.183 

72950 
72139 
75048 
72139 

     
>= 60 
km/h 

10 minute gust over 10 minute mean 
10 minute gust over 2 minute mean 

60 minute gust over 60 minute mean 
60 minute gust over 2 minute mean 

1.201 
1.185 
1.348 
1.257 

0.079 
0.077 
0.284 
0.108 

211 
211 
211 
211 

     
<60 
km/h 

10 minute gust over 10 minute mean 
10 minute gust over 2 minute mean 

60 minute gust over 60 minute mean 
60 minute gust over 2 minute mean 

1.564 
1.570 
1.997 
2.018 

0.453 
0.628 
0.738 
1.184 

72739 
71928 
74837 
71928 
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Figure 7.  The relationship between gust factor (60 minute gust over 60 minute mean) and 

hourly mean wind speed for the Agassiz and Sheringam Point. 
 



 18 

 

 
 
Figure 8.    The relationship between gust factor (60 minute gust over 2 minute mean) and 

2 minute mean wind speed for the Agassiz and Sheringham Point. 
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Figure 9.    The relationship between gust factor (10 minute gust over 2 minute mean) and 

2 minute mean wind speed for the Agassiz and Sheringham Point. 
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Figure 10.  The relationship between gust factor (10 minute gust over 10 minute mean) 
and 10 minute mean wind speed for the Agassiz and Sheringham Point. 
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Figure 11.  Comparison of observed gust factor to modeled gust factors using Wieringa 

(1973) model.  Roughness lengths (m) for the Wieringa plots are indicated in 
the legend.  The plot of “observed” gust was plotted using the non-linear 
function presented in Figure 6 derived from the observations at the 77 climate 
stations.  The observed gust factor is for a gust of 10 minutes relative to a 2 
minute mean, while the predicted Wieringa gust factors are for hourly mean 
and gust wind speeds.  Note, for Agassiz, and Sheringham Pt, the 60 minute 
gust to 60 minute mean gust  factor (time period comparable to Wieringa) for 
winds >= 60km/h was 1.35 (Table 2).  
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Conclusions 
 

1. Gust factors were found to decrease with increasing mean wind speed and 
approach a constant value at high wind speeds.  Based on the analysis of hourly 
data from 77 climate stations over five years, the gust factor of the 10 minute gust 
to the 2 minute mean approached a consistent value of 1.22 at wind speeds >=60 
km/h.   Based on the analysis completed in this report, the gust factor of 1.22 
would be most appropriate for estimating 10 minute wind gusts from 2 minute 
mean wind speeds. 

 
2. Gust factors were found not to be correlated to atmospheric stability, to terrain 

roughness (the standard deviation of terrain elevation), or to station elevation. 
 

3. Gust factors vary depending on the sampling length for mean winds and gusts.  
Based on preliminary investigation using data from two climate stations over a 
seven year period, it was found that increasing the gust sampling interval from 10 
minutes to 60 minutes while keeping the mean wind averaging period at 2 
minutes increased the gust factor from 1.19 to 1.26.  
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