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Abstract

The siting of wind measurement infrastructure hmaplications on the development of wind
speed statistics for the design of the built emument. The South African Weather Service
(SAWS) wind measurement network is considered totymeécal of instrumentation sited
according to World Meteorological Organization (WMequirements. With the advent of
automatic weather station technology several decage, wind measurements have become
much more cost-effective. While previously wind s@@ments were mostly restricted to
airports with inherent good exposure, this is mggkr the case. The impact of the positioning of
anemometers on the representivity of the recoraded i@ demonstrated, motivating additional
guidelines for the placement of wind recordingastructure.

1 I ntroduction

It can be argued that the adequate descriptiorh@fstrong wind climate forms the most
important input aspect of the wind loading desidraic. The wind design input can be
considered in terms of the probability of occureent the critical wind speed and its directional
prevalence, which are both site specific. Therefpositioning and spatial distribution of wind
observation stations are critical for achievingoagl representivity, which impact on the levels
of reliability in structural design. The currentpea discusses considerations regarding the
representivity of wind recording observations ahdirt implications on the development of
wind statistics for the design of the built envinoent, based on the SAWS wind measurement
network.

2 WM O requirements

National Meteorological and Hydrological Servicee guided by WMO requirements for the
exposure of surface observation infrastructures Thialso the case for SAWS, which has most
of its wind recording infrastructure positioned aatingly. The requirements essentially
stipulate the avoidance of local obstructions apipnately ten times the height of the
measurements (i.e. 100m from a 10m wind mast), thedpreference for flat open terrain
(WMO, 1996). However, even strict adherence todlgsdelines will not necessarily ensure
the regional representivity of the measurements.

3 SAW S wind measurement networ k
3.1 Spatial distribution

In 1987, data from 14 stations formed the basigtierdevelopment of the set of design wind
speed maps (Milford, 1987). When an updated assggstommenced in 2007, the number had
increased to almost 200, as presented in Figurel.
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(a) SAWS Wind Recording Stations (1987-01) (b) SAWS Wind Recording Stations (2007-01)

Figure 1: Spatial distribution of SAWS weatheristainetwork in a)1987 and b) 2007

3.2 Limitations and deficiencies

The positioning of the AWS'’s is often governed pyactical’ circumstances e.g. accessibility
of power supply, logistics of supervision, maintec& and security against vandalism.
Therefore, the positioning of weather stationsdsalways suitable/optimal from a strong wind
climatology point of view, where the measuremenim® the input for the development of
design wind speed statistics, as well as the eatifin of extreme wind related disasters.

Despite of its non-disputed benefits in relatioratioclimatic observations (e.g. temperature or
precipitation) the expansion programme introducedoasiderable amount of deficiencies
regarding the integrity of the wind climatic datancerning the scientific and engineering
professions. Three generic exposure problems wlertified as:

* inadequate approach terrain type (i.e. roughness),
* influences of prominent topography, and
» positioning of the wind meters within close proxiyndf other structures.

3.3 Preliminary categorisation

A joint project involving SAWS, CSIR and Stellenlbbs University (Kruger, 2010) was
undertaken in which the implications of the inadmrjes summarised in Section 3.2 were
analysed and estimated. For various reasons fimgniation regarding only 91 weather stations
was considered and collected. This included theaggaphical coordinates, altitude above sea
level, topographical features of locations, theirgundings and the distances and geometry of
close-by obstructions (if any). The information weadracted from weather station inspection
files and Google Earth maps.

The data which was obtained was then scrutinisetenms of the following basic criteria:
anemometer at 10 m elevation, open terrain withbodt-up areas for at least 2km, no
obstruction within 100m, and no prominent topogsamithin 3km. All stations were then
categorised in terms of categories:

1: adequate positioning

2: inadequate surface roughness

3: influence of nearby obstructions

4: topographical influences.
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40 weather stations (i.e. 43% of the sample) weresidered as acceptable. The exposure of
additional 9% of the stations will likely lead toree overestimation of the wind speeds (mainly
due to proximity of large water bodies or barrendlaand was also accepted as adequate.
Therefore, in total 52% of the stations were catisgd as category 1.

39 weather stations are located close, or everinyitliilt-up areas, while 21 of the stations are
influenced by nearby prominent obstructions. In tmoases these would lead to the
underestimation of wind speeds. In several casesther stations are located or surrounded by
significant topographical features which could eitkead to underestimation or overestimation
of the recorded wind speeds.

34 Correction factors

An initial assessment of the situation indicateat tior several of the weather stations it is not

feasible to determine and calculate the magnitddecalised influences and to introduce any

adjustments to the measured data. This referslyrairsituations in which large obstacles are

present within close vicinity of the wind anemormster anemometers are located close to or on
top of prominent topographical features. This dates thus deemed not usable for extreme
value estimates of wind speeds.

For about 80% of the weather stations the possibléations were predominantly caused by
inappropriate surface roughness and attempts wWenefore, made to correct for these based on
initial approximations. A process was undertakemvirich for each station and range of wind
azimuths under consideration, the relevant surfacghness was estimated visually on the
basis of aerial information (Barthelmie et al 19933ing the principles of terrain roughness
descriptors proposed by Davenport (1960) and uddageWieringa et al (2001). Davenport et
al (2000) noted that when such a judgement is sigghdy a clearly worded classification, the
error of this procedure will not be more than aglnroughness width and Wieringa (1992)
referred to potential errors in estimation of léssn 6%. A typical Google Earth image of the
surroundings of Grahamstown weather station iseotes! in Figure 2.

Figure 2: Aerial image of weather station in Gralwwn with 16 sectors superimposed
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The magnitude of the correction factors differedstantially between values marginally
smaller than unity, corresponding to influenceshef open sea terrain, to values substantially
larger than unity, due to the influences of bupt-areas. The effects of the application of
correction factors to the wind speed data weretaunbal, with increases of around 20% in the
subsequent estimated design wind speed values.

From Wieringa (1986), and applied by Wever and @r#09) and others, when the local

roughness length is known, the Exposure Corrediaotor (ECF) due to improper terrain

category could be calculated. These correctiorofaatere then applied to the measured wind
speeds, except for gust values where the directioes ISO 4354: 2009 were followed. In the

case where the gusts were from synoptic originctiteections were applied according to Table
1.

Table 1. Correction factors for the 3 s wind gustduced from ISO 4354: 2009, at a height of
10 m for the different terrain categories.

Terrain roughness category Roughnesslength (m) Correction factor
I. Open sea/flat surface Zo=10,003 0,90
Il. Open country Z,=0,03 1,00
I1l. Suburban %2=0,3 1,19

As an example, Figure 3 compares two hourly windegpdistributions for Grahamstown.
Sixteen annual maximum hourly values were usetismd@omparison. ThECF was applied to
three measurements; for those winds forthcoming fabrections where the terrain was not
regarded as open and flat. Even with only this mahber of corrections the estimated 1:50
year wind speed increased from 17.1 m/s to 18.1aftés application of th&CF to the relevant
wind speeds.

Extreme Mean Hourly Wind Speed Distribution for
Grahamstown
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Figure 3. Hourly wind speed distribution for Gralsaown before and after application of the
ECF.
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4 Conclusions and recommendations

This paper summarises an investigation into theomapmce of the exposure of wind speed

anemometers, based on the current network of Safitban Weather Service anemometers.

The exposure of a large number of stations leadiéstortions of the recorded wind speed data.
The process of developing the correction factotsclwvwas carried out, enabled to generate the
initial estimates offering more realistic outputtalgdhan that which ignores the effects of

inappropriate terrain roughness. These resultédcoe refined further by using one of the

comprehensive methodologies incorporated in WAsSPSiDU 01008.

On the other hand, the application of correcticsidies cannot be considered to be a substitute
for the sub-optimal placement of anemometers.dhtlbf the above it was recommended that
additional specific exposure requirements for wimeasurement equipment be developed in the
South African Weather Service. These specificaliykt into account the proximity of
complicated topographical features and extensiemsawith surface roughness higher than
0.05m.
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