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Abstract 

This paper presents a selection of the results from a research project which compares measured wind 

speedups over the rugged Belmont hills in the Wellington area of New Zealand with wind speedups 

estimated using the AS/NZS1170.2 loadings standard by two organisations, and by predictions from 

two CFD codes, WASP and Gerris. It was found that independent wind gust speedup predictions from 

two different organisations using AS/NZS1170.2 gave significantly different results and differed from 

the full-scale observations. It was found that it was very difficult to use the wind loading standard to 

estimate wind speedup in the complex  Belmont Hill terrain. 

1 Introduction 

The aim of the research described in this paper is to reduce the vulnerability of New Zealand’s built 

infrastructure to wind damage through provision of improved design wind speed procedures. Wind 

flow in New Zealand is strongly influenced by the hilly terrain over which it passes, with both valleys 

and hill crests experiencing stronger, and in some instances much stronger, wind speeds than over flat 

terrain. In New Zealand, at locations far from any wind measurements, design winds are frequently 

estimated for proposed structures by applying the Australasian wind loadings standard 

(AS/NZS1170.2, 2010) a reference document for the NZ building code which prescribes the minimum 

loadings for buildings in NZ.  

Within the Standard, wind forces are prescribed as the product of the dynamic pressure of the wind 

and a shape-related pressure coefficient, Cpe. Topographic enhancement is allowed for with a 

topographic multiplier, Mt (1<Mt<1.71 resulting in up to 3x wind force), which depends on the hill 

shape and steepness, and the distance of the site from the hill crest. It also requires a Lee Multiplier, 

Mlee to be applied within Lee Zones downwind of some mountain ranges. While the physical basis for 

including these effects is clear, the method by which these factors are calculated is weaker than ideal, 

and when determining Lee Zones it is possibly ambiguous. This observation, combined with some 

recent severe wind events, e.g. (Reese et al, 2007, Reid and Turner, 2004, Revell et al, 2009) have 

caused renewed interest in wind engineering and in the guidance offered by the loadings standard. 

Consequently the present research project was set up to provide the basis for reviewing the calculation 

methods in the Standard for Mt. 

This paper presents some of the results from an experiment to compare measured wind speedups over 

the rugged Belmont hills in the Wellington area of New Zealand with wind speedups estimated from 

the AS/NZS 1170.2 loadings standard. Additional results from computer modelling, and wind-tunnel 

testing have also been obtained, but there is insufficient space to include them in this abstract. Further 

details will be provided in the full paper, are also available in the final report (King et at, 2012). 
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2 Description of Measurement Site and Instrumentation 

 

The research project was focused on measurements and modelling of topographic speed-up effects 

within the Belmont Regional Park near Wellington.  The area, shown in Figs. 1 and 2, is typical of 

much New Zealand hill country where important infrastructure is located. The terrain is not simple - a 

lower ridge upstream (for NNW winds) and approximately parallel to the highest elevations adds 

complexity to the situation in that turbulent eddies shed from this terrain feature near mast 9, should 

impact the gust characteristics downstream. Furthermore the valley behind this ridge could be 

expected to be somewhat sheltered.  Vegetation was mainly short to moderate grass with the few trees 

and scrub in the vicinity confined to gullies giving a design wind terrain category of 2 (AS/NZS1170.2, 

2010) although the terrain perturbations are much larger than the terrain roughness.  

Nine portable masts (5 m high) with Vector A101m 3-cup wind speed sensors (accurate to 1% in the 

10-55 m/s range) and Vector W200P wind vanes (direction accurate to ± 3°) were deployed. Siting of 

the masts was aided to some extent by prior CFD modelling with Gerris (Popinet, 2003) under 

idealised NNW flow, but the main consideration was reasonable access to the masts from roads/tracks 

in the park.  

3 Full-scale Speedup Observations 

Several sets of full-scale measurements of wind speed were made over the first 6 months of 2011. The 

paper focuses on the 18-hour observation period from 12 noon on 6 February to 6am on 7 February  

2011 when the wind direction was approximately 345°. Fig. 2 shows the site looking upwind for this 

direction. Three-second wind observations were collected at all 9 masts during this period. Means, 

maxima, standard deviations, turbulence intensity plus directions of average and maximum winds for 

this period are displayed in Fig. 3. It can be seen that: the wind direction is nearly constant across the 

grid from about 345°, except at the sheltered masts 6, 7 and 8; the average speed and the maximum 

gust vary very similarly across the masts; the standard deviation (STD) of the wind speed is fairly 

constant at about 2.5 m/s across all the masts; the maximum gust at each mast is given within a few % 

by the mean speed plus 3.7*STD.  

In order to determine hill-shape multipliers based on these observations, an estimate of the wind at a 

5 m elevation at a neighbouring site at a location not affected by the Belmont Hills was required. 

Figure 1: A Quickbird image (courtesy of 

KiwiImage) looking down on Belmont 

Regional Park near Wellington, with locations 

and profile of heights for the portable masts. 

Figure 2: View showing the area studied, looking 

upwind for the 345° direction. Ridge used for 

masts is slightly to right of centre. 
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Wellington Airport has one of the most reliable 

wind records in the region and earlier research 

(Carpenter and Reid, 1990) indicates that the 

winds there are in general larger by a factor of 

1.1 compared to neighbouring locations 

unaffected by topography. Hourly means and 

maximum wind gusts are available at 7 m at 

Wellington Airport and so in order to establish a 

reference upwind wind-speed, the Airport 

observations were adjusted to a height of 5 m 

and by the 1.1 channelling factor for each of the 

18 one-hour periods for which the Belmont 

observations were available. The full-scale 

measured gust speedups determined on this basis 

are given in Fig. 4.  

4 AS/NZS 1170.2 Loadings Standard Speedup Estimates 

The Wind Loading Standard has provision for determining the effect of hills on the wind speed. It is a 

simplified approach, based on various published data from a number of wind tunnel tests, as well as 

full scale measurements. When one attempts to apply this procedure to Belmont Hill that was used for 

this research project, it is immediately apparent that the procedure is very difficult to apply. The 

codified procedure is based on 2D hills, whereas Belmont Hill is very much 3D. Furthermore, the full-

scale measurements were made along a ridge as shown in Figs. 1 and 2. 

The approach in the Standard requires the user to look upwind over an arc of +/- 22.5° with respect to 

the direction under consideration, and to determine the worst case for the topographic multiplier. This 

means that multiple contours through each point of interest are needed in order to determine the Hill-

shape multiplier, Mh. Such a process would be regarded as very time consuming in a building design 

situation, as it would mean that many hill profile contours would need to be obtained and analysed.  

Calculations for the gust hill-shape multipliers were carried out for each of the mast locations using 

the approach in the Standard for the 345° 

wind direction by NIWA using software 

that had been developed to implement the 

codified method. However, upon review, it 

appeared that the approach did not precisely 

follow the method set out in 

(AS/NZS1170.2, 2010) and for example, in 

the case of a large complicated hill such as 

being studied in the present research project, 

the method did not determine a 500 m long 

flat “upwind” location as the beginning of 

the hill, but considered bumps or hills on 

the larger scale hilly terrain. The estimates 

from NIWA are provided in Fig. 4. Because 

masts 6 and 7 were very sheltered, speedup 

estimates were not performed for them. 

Independent estimates of the speedup were 

also made by the University of Auckland 

(UoA) using the procedures outlined in 

(AS/NZS1170.2, 2010) and its commentary, 

except that only the 345° direction was 

analysed, not the worst contour in upwind 

Figure 4: Ground contour along the measurement 

line, 500 m segments upwind from the crest. Gust 

speedup from full-scale measurements, and from 

NIWA and UoA using AS/NZS1170.2. Two sets of 

UoA results are shown. One set assumes that the 

“hill” starts are sea level. The other set assumes 

that the “valley” is flat, and that the hill for masts 1 

to 5 starts at an elevation of 225 m. 

Figure 3: Belmont wind statistics for 18 hour 

period during 6 - 7 Feb 2011. 
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22.5° arcs. Difficulties in dealing with the valley shown at top-left of Fig. 1, and near the top of Fig. 2 

resulted in the UoA carrying out two sets of predictions of wind speedup. One set assumed that the 

“hill” started at the sea (the first upwind flat region extending over at least 500 m) and the other set 

assumed that the large valley between masts 6 and 9 could be assumed to be flat, thus resulting in the 

“start” of the hill at this location for masts further downwind. For the latter calculations, the speedup at 

masts 6, 7 and 8 are really undefined, since they are in the valley, and thus one would expect these 

masts to be relatively sheltered from wind at 345°. Mast 9 was assumed to be on the crest of an 

upstream hill starting at the sea. The speedup predictions for the gust speed are shown in Fig. 4. It is 

clearly evident that the estimates using the codified method by NIWA and UoA are very different. 

This means that the Standard is very open to error in its use in such common New Zealand complex 

terrain. This very interesting result is some cause for concern, and may mean that this section in the 

Standard on the Hill-shape wind speedup multiplier should be subjected to a rewrite in the future to 

reduce possible ambiguity and possible error, in order to reduce the potential hazard of wind and the 

risk to important infrastructure. 

5  Discussion and Conclusions 

In order to attempt to answer the question – “How good is the wind loading standard at estimating 

wind speedup over hills in rugged terrain?”– observed speedups in the Belmont Hills region of 

Wellington have been compared with speedup estimates based on the AS/NZS 1170.2 Standard.  

It was found that in this complex and rugged Belmont Hill region terrain, where shedding of eddies by 

upstream hills is likely to have an important influence on gust wind speeds, and the presence of valleys 

and ridges along the wind direction further complicates the picture, assessments of wind speedup 

based on (AS/NZS1170.2, 2010) struggle to differentiate well between sheltered and exposed sites, 

tending to produce variable estimates of design winds depending on the assumptions made by the 

person/organisation carrying out the estimate.  

In general the speedup predictions using the codified procedure did not agree well with the 

observations. 

It should be noted that these results are based on one 18-hour period of strong winds from a specific 

direction at a single location. Further research is on-going at this site to confirm more generally the 

relative merits of the various methods of predicting wind speedup for other locations and wind 

directions. 
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