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Abstract 

Directional statistics provide design engineers with the opportunity to realise considerable cost 

savings, but these are not yet provided for in the South African standard for wind loading. The 

development of the directional statistics of extreme winds is complicated by the various strong wind 

mechanisms and their related unique directional characteristics. It is imperative to select appropriate 

directional sector sizes, to accommodate the full-scale impact of the most dominant extreme wind 

mechanism(s). The interaction between the directional ranges of the strong wind mechanisms and 

the sector sizes ultimately determine the discrepancies between the directional and omni-directional 

mixed climate quantile estimations. 

1 Introduction 

Considerable cost savings could be achieved if design engineers were to take into account the 

directional characteristics of extreme wind speeds. Directional statistics are not yet provided in the 

South African Standard (SANS 10160-3 2011). It should also be noted that national building 

standards are not consistent in terms of directional sector sizes (e.g. BS 6399: Part 2: 1995 1995; 

AS 1170.2 – 1989 1989). 

Various strong wind mechanisms play a role in the South African strong wind climate, which in 

turn influences the appropriate estimation of quantiles (Kruger et al., 2012). The mechanisms 

exhibit different directional characteristics, both in their expected direction and the variability 

thereof; therefore, these can have a significant influence on the results of the directional analysis of 

extreme winds. As a point of departure, one needs to analyse the extreme winds that produce 

directional quantile estimations for those sectors with the strongest winds, at least equal to that 

determined by an omni-directional method for mixed strong wind climates. 

2 Data and methods 

Five daily maximum wind gust data sets (15 to 19 years long) were selected from the South African 

Weather Service climate databank, from the weather stations presented in Figure 1. These represent 

important variations in the strong wind climate of the country (Kruger et al. 2012): Cape Town and 

Durban at the coast; Bloemfontein and Beaufort West in the interior; and Brandvlei with a large 

difference between the 1:50 year quantile estimations with the single and mixed climate methods 

(Kruger, 2011). 
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Figure 1: Positions of weather stations and regions presenting relative contribution of different 

strong wind mechanisms for wind gusts (Kruger et al. 2012) 

 

In the analyses, the relevant ranges of wind directions of each mechanism were initially 

investigated. These indicate the variability in the direction and directional overlaps between 

mechanisms, which have the potential to complicate the ultimate selection of sector sizes. 

For the purpose of comparison, quantiles were estimated with the method for an omni-directional 

mixed strong wind climate (Gomes and Vickery 1978; Kruger et al. 2010), single strong wind 

climate, as well as for the various directional sector sizes (22.5°, 45° and 90°), based on a complete 

set of annual maximum values per sector. All estimations were based on the Gumbel distribution. 

3 Results and discussion 

3.1 Wind directions and strong wind mechanisms 

Table 1 presents the annual maximum wind gust speed and –direction for Cape Town, Durban, 

Bloemfontein, Beaufort West and Brandvlei, for all relevant strong wind mechanisms. Figure 2 

presents the relevant ranges of each mechanism investigated for stations with more than one strong 

wind mechanism. For Cape Town and Durban, there were no overlap of mechanisms in terms of 

direction, and it is therefore possible to conveniently select directional sectors, which represent the 

two mechanisms separately. For Bloemfontein all thunderstorm gusts come from the western half of 

the compass (190° to 340°), but very strong winds from troughs and cold fronts from the west, 

which occur in the region, could complicate the directional analysis. For Beaufort West there are 

three strong wind mechanisms, with significant directional overlap between them. Brandvlei has got 

two mechanisms, both of which dominate the western half of the compass. It is therefore expected 
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that for Brandvlei, Bloemfontein and Beaufort West, the quantile estimations per sector may be 

significantly lower than the omni-directional quantile estimations. 

Table 1: Annual maximum wind gust speed and –direction for Cape Town, Durban, Bloemfontein, 

Beaufort West and Brandvlei, for all relevant strong wind mechanisms. 
Year Cape Town Durban Beaufort West Bloemfontein Brandvlei 

Cold front Ridging High Coastal Low / 

Cold Front 

Thunder 

storm 

Cold Front Low Thunder 

storm 

Thunder 

storm 

Trough / 

Cold Front 

m/s ° m/s ° m/s ° m/s ° m/s ° m/s ° m/s ° m/s ° m/s ° 

1993 30.5 340 29.0 170 23.0 210             

1994 35.5 300 23.5 150 29.9 230             

1995 28.5 330 27.0 160 25.2 200 27.3 330 32.6 250 33.4 340 23.0 190 27.6 300 24.2 260 

1996 33.4 350 26.2 160 26.7 220 27.6 290 31.0 290 26.9 350 25.2 280 27.6 310 27.8 340 

1997 35.5 350 28.3 160 32.9 190 25.5 350 31.9 310 24.7 270 24.2 210     

1998 24.2 350 26.2 160 28.8 210 23.1 220 29.1 350 24.7 340 25.8 320 25.7 360 22.9 210 

1999 23.7 340 25.2 150 28.8 200 25.3 350 31.1 360 25.7 360 26.2 190 22.5 320 22.3 280 

2000 23.6 340 22.6 180 23.1 200 27.9 290 32.0 340 24.8 360 24.7 280 24.9 300 22.3 260 

2001 28.9 330 22.6 160 24.2 210 23.1 340 29.3 340 30.2 360 22.1 220 26.1 220 21.3 300 

2002 25.2 330 23.6 90 23.6 210 26.5 310 29.6 320 32.3 340 23.1 300 28.5 270 23.0 360 

2003 26.2 330 21.6 150 24.7 220 27.1 290 28.9 330 28.2 340 24.7 340 23.9 300 27.2 300 

2004 20.6 310 21.6 160 25.2 210 23.3 340 26.0 330 24.8 300 24.7 300 20.2 310 26.5 290 

2005 25.2 330 21.6 150 25.8 190 26.9 40 29.2 320 27.7 260 35.0 260 23.2 250 21.5 20 

2006 23.7 290 21.6 140 24.2 200 28.7 270 27.1 300 25.9 330 25.8 300 15.0 260 23.1 10 

2007 28.8 340 22.6 180 28.0 260 30.8 290 38.7 340 24.8 340 29.9 330 30.0 320 25.0 300 

2008 25.0 350 21.9 140 23.4 210 28.1 330 34.0 310 25.3 360 32.0 270     

2009 27.1 310 25.0 170 24.8 130 29.4 210 34.1 340 28.9 320 28.4 290 29.4 250 23.3 250 

2010 26.2 330 21.3 160 24.0 170 22.2 220 27.6 300 24.3 320 25.1 250 20.0 220 26.9 310 

2011 22.4 330 22.8 150 25.0 180 24.9 260 26.0 320 27.0 300 34.1 250 26.8 270 25.2 320 

 

 

 

Figure 2: Annual maximum wind gust values and direction for the dominant strong wind 

mechanisms at weather stations with more than one strong wind mechanism. 

3.2  Extreme wind estimations 

 

Figure 3 presents the relevant single and mixed climate distribution graphs. The 1:50 year quantiles 

estimated with the two methods are listed in Table 2. The reasons for the relative differences in the 
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estimations can be deduced from their distribution graphs. In Cape Town cold fronts dominate the 

estimation of the quantiles, but the ridging of the Atlantic Ocean high-pressure system is also taken 

into account in the method for a mixed strong wind climate. For the 1:50 year basic wind speed the 

Gumbel method gives 37.5 m/s and the mixed climate method 37.8 m/s – due to the significant 

dominance of cold fronts, a negligible difference of about 1%. Beaufort West gives the same 

difference than Cape Town of 0.3 m/s, as the cold fronts also dominate the mixed distribution 

estimate to a very large degree. For Brandvlei there is a relatively large difference of 3 m/s between 

the two estimation methods. While thunderstorms dominate the quantile estimations at return 

periods longer than about 10 years, this is more due to the variability in the annual maximum gust 

values from thunderstorms, than their large mean value. The mean gust value for thunderstorms is 

24.8 m/s and that for troughs/cold fronts 24.2 m/s. However, the standard deviation of the 

thunderstorm values is 3.9, while for the troughs/cold fronts it is 2.1. In fact, up to a return period of 

3 years the quantile estimation for troughs/cold fronts is higher than for thunderstorms.   

 

Figure 4 presents graphs of the quantiles for the different wind sectors, together with the quantiles 

estimated with the Gumbel and mixed distribution methods for comparative purposes. The sectoral 

quantiles were obtained with a complete set of observations per sector extracted from the database 

(i.e. 16 sets / station for 22,5°) to determine the distribution parameters. The sectoral estimates did 

not take the mixed climate explicitly into account. However, robustness should increase with 

decreasing sector angle, due to the increase in the amount of data applied. On the other hand, the 

use of smaller sectors will expose the uncertainty in quantile estimations if relatively short time 

series are used, which not wholly reflect the strong-wind climatology at the measuring site. This is 

evident in the sometimes erratic differences of quantile values between neighboring sectors, 

especially in these analyses at a sector size of 22,5°. 

 

For Cape Town, the highest estimation is 37.8 m/s for the north-westerly sector of size 90°. This is 

equal to the mixed climate estimation, indication that the particular sector was able to capture all the 

annual maximum gust values from cold fronts, without the inclusion of any other significant 

mechanisms. For Durban there are two quantiles which exceed the Gumbel estimation of 32.7 m/s. 

These are 33.5 m/s for the 45° sector centered on the south, and 33 m/s for the 90° sector centered 

on the south-westerly direction. There are therefore high gust value(s) between 157.5° and 180°, 

which are not taken into account in the latter estimation.  Furthermore, between 225° and 270°, as 

the estimation for the 90° sector centered on the south fails to produce the high quantiles of the 

smaller sectors. For Bloemfontein the highest quantile of 38.1 m/s is estimated for the 90° sector 

centered on the west. The second-highest quantile of 37.6 m/s is estimated for 45° centered on the 

west, and the third-highest quantile of 36.8 m/s is estimated for 90° centered on south-west. All 

three these estimations exceed the Gumbel estimation of 36.5 m/s. For Beaufort West the highest 

estimation of 39.2 m/s is for the 22.5° sector centered on north-north-west, while the second highest 

is 39.0 m/s for the 90° sector centered on north-west.  The strongest gust values are concentrated 

between 316° and 348°, and are able to produce the quantile almost equal to that estimated with the 

mixed distribution method, i.e. 39.1 m/s. The highest gust of 32.3 m/s at Brandvlei, estimated for 

the 90° sector centered on the north is close to the quantile estimated with the Gumbel method at 

32.1 m/s. Other sectors at north-west, with sector size of 45°, and west, with sector size of 90°, 



6
th
 European and African Conference on Wind Engineering 5 

 

equal the Gumbel estimation. However, all of the estimations were below the value of 35.1 m/s 

estimated with the mixed distribution method. 

 

 
 
Figure 3: Extreme wind speed distributions for (a) Cape Town, (b) Durban, (c) Bloemfontein, (d) 

Beaufort West and (e) Brandvlei  

 

Table 2: 1:50 year quantile estimations, based on the Gumbel and mixed climate methods (m/s). 
Station Cape Town Durban Beaufort 

West 

Bloemfontein Brandvlei 

1:50 Year Gumbel 37.5 32.7 38.8 36.5 32.1 

1:50 Year Mixed 

Distribution 

37.8 - 39.1 - 35.1 



6
th
 European and African Conference on Wind Engineering 6 

 

  

 

 
 

Figure 4: Quantiles (m/s) per sector and relevant omni-directional Gumbel or mixed strong wind 

climate estimations 

 

As expected in the directional analysis, larger sectors capture the strongest values more efficiently, 

producing higher quantiles in general. For simplification, it is preferable that the directional 

statistics in building standards exhibit gradual variations between sectors. The higher variability of 

the quantiles between neighboring sectors, at the smaller directional scales, can be attributed to the 

short time series analyzed. It seems that for a conservative approach, which is imperative in the 

estimation of quantiles for structural planning, larger sector classifications are the most plausible for 

regions with only short time series available. 

 

As discussed in the previous section, with the exception of Brandvlei, the directional quantile 

estimations were able to equal the omni-directional quantile estimations with the Gumbel and 

mixed distribution methods. Following onto this, the following observations can be made: 

 Where there are large separations between the directional spheres of influence of the strong 

wind mechanisms considered, or where only one strong wind mechanism is considered, the 

directional quantile estimations for the large sectors, i.e. 90°, can be considered to be more 
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credible, as only one strong wind mechanism is considered per sector; able to capture all the 

relevant values. This is the case for Cape Town, Durban and Bloemfontein. 

 For locations where there are overlaps between the directional spheres of the mechanisms, 

the directional quantile estimates take for those sectors with the strongest winds more than 

one strong wind mechanism into account. Where there is a small difference between the 

omni-directional Gumbel and mixed climate estimations, the directional estimates can still 

be considered plausible, as is the case for Beaufort West. 

 Where there are directional overlaps between strong-wind mechanisms and also significant 

differences between the single- and mixed climate quantile estimations, the directional 

estimates will in most cases not be as high as the quantile for a mixed climate. This is most 

likely due to the smaller scale parameters estimated for the Gumbel estimations per sector, 

than that estimated for the dominant strong wind mechanism. An example is the estimated 

Gumbel parameters for Brandvlei in Table 4. The strongest winds occur in the northerly 

and westerly sectors. The 1:50 year quantiles are estimated at 32.3 m/s and 32.1 m/s 

respectively, both of which are equal or higher than that estimated for a single climate at 

32.1 m/s. On closer inspection one can see that the high directional estimates are due to 

larger shape parameters (2.0 and 2.6 vs. 1.7 for a single climate), than the scale parameters 

(24.3 and 21.9 vs. 25.4). However, the shape parameter for thunderstorms is 3.1; larger than 

for any of the sectors. Therefore, for the relevant time scales, significantly higher quantiles 

are estimated.  

 

Table 4: Estimated Gumbel shape (α) and scale (β) parameters for Brandvlei, for the omni-

directional single climate distribution, the distribution for only thunderstorms, and distributions for 

90° sectors centered on the four main wind directions. 

Omni-directional Directional 

Single climate Thunderstorms only N E S W 

Α β α β α β α β α β α Β 

1.7 25.4 3.1 23.0 2.6 21.9 1.8 17.6 2.5 19.3 2.0 24.3 

 

4 Summary and recommendations 

We recognise that the different causative mechanisms may not be clearly defined in terms of wind 

directions (Palutikof et al., 1999). This can be particularly true for mesoscale mechanisms, but not 

confirmed by the limited analysis conducted. The directional spheres of influence of strong wind 

mechanisms are determined on how they are defined, and can range in a narrow band, e.g. cold 

fronts, or in a wide band, e.g. troughs or isolated low-pressure systems.  

 

The directional ranges of the strong wind mechanisms and the sector sizes ultimately determine the 

differences between the directional and mixed climate quantile estimations. For cases where the 

directional ranges of the strong wind mechanisms are sufficiently separated, directional quantile 

estimates will most likely be as high as that with the omni-directional mixed climate method. It is 

therefore recommended that the sector sizes in the directional analysis be large enough to capture in 

most cases all the values of the relevant strong wind mechanisms, but small enough to ensure 

separation of the different mechanisms considered. It should be noted that where there is sufficient 
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separation, directional resolution provides an alternative approach to treat mixed strong wind 

climatic conditions. 

 

However, where there is a significant overlap between the directional ranges of mechanisms, the 

result would be a probable underestimation of the directional quantiles. This is especially true 

where there are large differences between the omni-directional single and mixed climate quantile 

estimates. Therefore, an additional recommendation is that in cases where there are these directional 

overlaps the directional quantile statistics should be increased to that estimated for a mixed strong 

wind climate, but only for those sectors under the influence of the strongest winds. Regardless of 

this compromise, it is believed that the development of directional statistics in South Africa, with its 

limited lengths of wind records and complex wind climate, is viable, and will provide critical 

directional statistics for the improved planning of structures. 
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