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Executive Summary
Assessment criteria 18.9.4.6(a) of the Dunedin City Second Generation District Plan (Dunedin 2GP) requires
buildings above 20m to maintain or enhance streetscape amenity by ensuring that the adverse effects of wind on
pedestrian amenity are minimised as far as practical. This report assesses those matters with respect to the new
Dunedin Hospital Outpatient building.
In general terms, taller buildings cause deflection of wind off façades, and increase channeling of wind flow around
and between structures, with consequent effects at street level. It is therefore expected (and this assessment
confirms) that, compared to the existing cleared site, the new Outpatient building being 32.35 m high will increase
the wind impacts in and around the site. That said, the following assessment confirms that, in all but two small
areas, the Outpatients building results in wind impact levels that are within appropriate comfort criteria for
pedestrian amenity.
The specific conclusions from the wind assessment are:
• The lack of surrounding buildings increases wind impacts generated by the Outpatient building.
• While the new Outpatient building will increase wind impacts along Castle St, Cumberland St, and to the
south of the Outpatient building, these locations are all within comfort criteria levels suitable for street
locations.
• In the two small areas where wind impacts exceed the appropriate comfort level (namely, under the
overhang in the Cumberland St courtyard entrance area, and including at the far end of the pedestrian
canopy), these effects relatively moderate and can be expected to dissipate over time as the vegetation
located in accordance with the landscape plan grows.
• Future building/development to the south of the Outpatients building will further reduce these effects.
• There are no dangerous areas resulting from wind impacts in the wider Outpatients building vicinity.
Based on the analysis, it is recommended that:
• Landscaping in accordance with the proposed planting areas set out in the LandLAB landscaping plan is
provided for and maintained as a condition of consent.
• Where possible, in locations closer to the overhang edge of the building, some increase in the amount,
height, and density of vegetation is allowed for within the proposed planting areas, as shown in green on
the landscape design diagram below.
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1. Introduction
Meteorology Solutions Ltd has been commissioned by Warren and Mahoney to complete a wind assessment for
the design stage for the new Dunedin Hospital Outpatients building. The Outpatients building is to be located on
the Wilsons block to the north of St Andrew Street between Cumberland and Castle Streets. Figure 1 shows the
model used in the wind assessment for the Outpatients building looking from the east.

Figure 1: The new Dunedin hospital (based on drawings from WAM-DWD-112)

The purpose of this report is to consider assessment matter 18.9.4.6(a) in the Dunedin 2GP which requires
buildings as part of the new Dunedin Hospital development to maintain or enhance streetscape amenity by
ensuring that new buildings above 20 m high minimise as far as practical the adverse effects of shading and wind
on pedestrian amenity.
To satisfy these requirements, the wind study considered wind conditions at pedestrian level for two scenarios:
• With the existing cleared site ; and
• With the new Outpatient building, including areas immediately around the building within the site,
surrounding areas such as along Castle St. and Cumberland St; and within at least one block to the north
and south of the Outpatient building.

2. Modelling methodolgy
Pedestrian level wind impacts result from the interaction of background winds with surrounding buildings,
structures, and trees, and the like. The following methodology has been used to assess those impacts generated
at the existing cleared site and with the new Outpatient building.
2.1. Computation Fluid Dynamics (CFD) overview
This assessment uses a new branch of the Computation Fluid Dynamics (CFD) model known as the Lattice Boltzmann
Method (LBM) to evaluate wind speeds at 1.5 m above ground level in the vicinity of the Outpatient building site.
The LBM is a relatively new branch of CFD that is being used for complex fluid systems including wind flow around
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buildings and structures, and through porous objects such as trees and hedges. This form of CFD has been adapted
and evaluated by SimScale for wind tunnel type applications such as wind loading on buildings, pedestrian wind
safety analysis, automotive aerodynamics, and other external flow applications.
The analysis utilises wind data from the University of Otago Geography and Physics Departments located within
500 m to the north-northeast (as set out in Section 3) together with a geometric model of the Outpatients building
and surrounding blocks, derived from the most recent architectural drawings WAM-DWD-112 available at the time.
As the modelled version of the Outpatients building has smooth surfaces, without texture or irregularities, the
assessment does not account for finer scale façade features, that could further reduce wind impacts, such as from
the downwash off facades. Larger vegetation features, such as trees, are included in the modelling based on the
landscape plans provided by LandLAB. Trees are simulated as porous features that can be effective in
reducing/mitigating wind impacts when located in appropriate places.
The outputs from the model were then applied against two assessment criteria, the London Docklands
Development Corporation criteria (London LDDC) which determines appropriate wind speeds and frequencies to
ensure pedestrian comfort in specific locations/activity areas, and the NEN 8100 criteria, which identifies wind
speeds that may pose a danger to pedestrians.
2.2. Background wind conditions
The background wind information utilised by the CFD model is set out below.
The Dunedin area is known to have a number of micro-climates and this is also true for wind. While the wider
coastal Otago area is relatively windy, the hills surrounding Dunedin provide sheltering from this wind for the city
area. The most common wind regimes are from the northeast and southwest, and occasional gusty west or
northwest winds reach the city. All of these wind regimes are influenced by the terrain surrounding the city to result
in a wind climate illustrated by the wind rose in Figure 2.
A key part of the wind impact assessment was to source the best background wind data to undertake the
assessment for the Outpatients site. While there are long-term data sets available in the wider Dunedin area (such
as Musselburgh and Dunedin Airport), these datasets do not represent the wind climate at the Outpatients site.
Wind data was therefore sourced from University of Otago Geography and Physics Departments located within 500
m to the north-northeast of the site. It was assessed that combined/synthesised hourly data from these sites would
best represent the wind climate at the Outpatients site, even though the final dataset was only 1.4 years in duration.
The wind data from the university came from roof top sensors at about 30 m above ground level. With the
surrounding urban environment and some obstructions at roof top level likely having some influence on the
sensors, it was determined that using this data as if it was from 10 m above ground level (as required by the CFD
wind model) was an appropriate and conservative approach to use. As a check, the long-term mean speed from the
Musselburgh NIWA site located about 3 km to the south of the University wind data sites was 3.2 m/s compared to
3.1 m/s for the hospital site data, which was assessed to be reasonable.
The wind rose in Figure 2 summaries the proportion of time the wind blows from 12 direction sectors for different
wind speed categories. These frequencies of wind speed and direction are utilised to derive the final wind impact
results/diagrams provided in this report.
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Figure 2: Wind rose used for Dunedin hospital

Another required input for the CFD model is the surrounding surface roughness criteria which was assessed to be
the ‘suburban’ category for all wind sectors. The surrounding surface roughness helps the model determine how
wind speed changes with height which in turn affects how wind interacts with structures, especially taller buildings.
2.3. Wind Comfort Criteria
While there is no universal wind comfort/impact standard, there are a number of criteria used for the assessment
of the predicted wind environment for new buildings and their settings. These criteria use CFD predicted wind
speeds, and the frequencies of wind speeds, to determine spatial pedestrian wind comfort so that results can be
assessed against intended pedestrian activities. The levels in the criteria range from ‘sitting for long periods’ (as
would be suitable for outdoor cafes and restaurants) through to ‘uncomfortable’ and ‘dangerous’ levels for any
pedestrian activity. Wind criteria that are commonly used include the London LDDC, Lawson, and Davenport criteria
and adaptations of these. The NEN 8100 criteria is an example of an index that is used to assess wind impacts on
safety for pedestrians.
In the case of the Outpatients building and its surrounding area, where streetscape effects are at issue and the
pedestrian activity will generally include walking through the site and along footpaths, entering and exiting the
building, and/or waiting in entrance areas, rather than sitting for long periods, the London LDDC index has been
selected as the appropriate standard, supplemented by the NEN 8100 wind danger criteria.
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London Docklands Development Corporation (London LDDC) criteria
Table 1 below identifies the five wind categories for the London LDDC criteria. The London LDDC index utilises mean
wind speed and gust equivalent mean (GEM) speeds in exceedance of 5% of the total hours per year. Where the
wind category exceeds activity proposed in locations, this will indicate the existence of an adverse effect of wind
on pedestrian amenity, otherwise wind conditions are considered to be acceptable.
Table 1: London LDDC criteria to show spatial wind impacts

Category

Mean and GEM wind speed
(5% exceedance)

Description

A

Frequent
Sitting

2.5 m/s

Acceptable for frequent outdoor sitting use such as
outdoor restaurants and cafés.

B

Occasional
Sitting

4 m/s

Acceptable for occasional outdoor seating, such as
general public outdoor spaces, balconies and terraces
intended for occasional use.

C

Standing

6 m/s

Acceptable for entrances, bus stops, covered
walkways or passageways beneath buildings.

D

Walking

8 m/s

Acceptable for external pavements and open
walkways.

E

Uncomfortable

Greater than 8 m/s

Not comfortable for regular pedestrian access.

NEN 8100 Wind Danger Criteria
The NEN8100 index is based on a Dutch wind nuisance standard adapted to advise on danger caused by wind as set
out in Table 2 below. Using the danger criteria, mean wind speeds of 15+ m/s occurring less than 0.05% of the time
are regarded as being ‘No Risk’, while mean speeds 15+ m/s occurring more than 0.3% of the time are regarded as
‘Dangerous’. For a hospital environment where there is more likely to be vulnerable people in outdoor areas, the
more conservative ‘Limited Risk’ criteria (or green category) was used to assess wind speed risk.
Table 2: NEN 8100 criteria adapted to identify ‘dangerous’ locations

Wind speed

Frequency

Description

A

15 m/s

Less than 0.05%

No Risk

B

15 m/s

Less than 0.3%

Limited Risk

C

15 m/s

Greater than or
equal to 0.3%

Dangerous
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3. Results
Figures 3 to 6 illustrate the spatial wind impact in the vicinity of the new Outpatients building based on the London
LDDC criteria for the existing site (which includes ground enabling works for the Outpatients building, such as
building foundations), and with the new Outpatient building in place. The NEN 8100 Danger criteria has also been
provided for the new build scenario result. Note that Appendix 1 shows some of the raw CFD results that have been
used to illustrate details of the wind impacts.
3.1. Wind Conditions with existing (current) setting
Figure 3 illustrates wind impacts for the existing/clear site scenario as of 1 March 2022. Wind impacts of any
significance (category C shown as the teal colour) are contained to Castle St and Cumberland St. Such wind impacts
are considered suitable for this street area. The future Outpatients building location is outlined in red on the
diagram.

Figure 3: Wind impacts based on the existing building footprint based on London LDDC criteria
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3.2. Wind Conditions with the new Outpatients building setting
Figure 4 and Figure 5 show the overall wind impacts for the new Outpatients building scenario, categorised
according to the London LDDC criteria. Figure 6 provides the results for the NEN 8100 ‘wind danger’ assessment.

Figure 4: Wind impacts for the new Outpatients building based on the London LDDC criteria
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Figure 5: Wind impacts at pedestrian level in the Outpatients precinct and with zoomed in Cumberland St entrance (right)

Figure 6: Wind danger assessment for the Outpatients and surrounding area based on the NEN 8100 danger criteria
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In summary, these figures illustrate that the new Outpatient building:
•

•

•

•

Increases the areas in which category C (teal colour) wind levels are experienced in and around the
Outpatient precinct. According to the London LDDC criteria, category C levels are appropriate for standing
in entrances, bus stops, covered walkways or passageways beneath buildings. Since the category C areas
shown in figure 5 will be used by pedestrians for walking and/or accessing the Outpatient building, these
wind levels in these areas are considered acceptable in terms of comfort and amenity.
Increases the areas in which category D (green) wind levels are shown for parts of Castle Street, in the
vicinity of the Cumberland St and St Andrew St intersection, and for a small part of St Andrew Street.
According to the London LDDC criteria, category D levels are appropriate for external pavements and
walkways. As the affected areas will primarily be used for that purpose, these levels are also considered
acceptable.
Creates adverse effects of wind on pedestrian amenity in two small areas, namely, under part of the
overhang and under the far west end of the pedestrian canopy (as circled on the right diagram of
Figure 5). Both of these areas are covered and will be used by pedestrians as walkways and sheltered areas.
According to the London LDDC criteria, the appropriate wind levels to ensure pedestrian comfort for these
areas are those captured by category C (teal). While such wind conditions will only be experienced in those
areas for a relatively short period of time (5% of the total hours per year), they result from the
establishment of the Outpatient building and will have an adverse effect on pedestrian amenity in those
locations during that period. Potential options to mitigate that effect are therefore explored below.
Does not create any ‘danger risk’ areas within or around the Outpatient building, including under the
overhang on the Cumberland St side of the building (as shown in the right diagram in Figure 6).

3.3. Mitigation options
The Dunedin 2GP assessment criteria requires that the adverse effects of wind on pedestrian amenity are minimised
as far as practicable and to that end, mitigation options have been considered.
These include the introduction of a wind canopy on the western façade over the building overhang area, and an
increase in the height and/or density of vegetation around both this area and the affected part of the pedestrian
canopy.
Both of these mitigation options were tested in the CFD model. Figure 7 illustrates the downwash occurring off the
façade with a 2 m canopy around the base of the overhang in a stronger southwest wind scenario. This was very
similar to the result with no canopy with the wind in both scenarios entering the courtyard area.
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Figure 7: Testing the effect of a canopy on the overhang at the Cumberland St end of the Outpatients building

It can therefore be surmised that:
•
•

Incorporation of a canopy around the overhang would make no significant difference to wind impacts that
will be experienced in the affected area under the building overhang in the Cumberland St courtyard.
Vegetation is a more effective way to reduce wind impacts. Vegetation reduces both wind speed and
deflection of wind to other locations, such as occurs with solid barriers. The vegetation proposed in the
Cumberland entrance/courtyard was shown to be effective in reducing potential wind impacts in the
Cumberland St courtyard area from lower levels, and from downwash off the façade as shown in Figure 8.

Figure 8: Showing reduced vegetation (left) with higher wind speeds and increased vegetation (right) with lower wind speeds

10

•
•

As such, it is important that the planting shown in the landscape plans is secured by way of consent
condition.
Further, some increase in the amount, height, and density of vegetation within the proposed planting areas,
especially closer to the overhang (such as in the general areas shown in green in Figure 9) should be
provided for to further improve wind comfort conditions in the building overhang area, and at the
pedestrian canopy area.

Figure 9: Current landscape plan showing areas recommended for increased vegetation
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4. Conclusions and recommendations
Taller buildings cause deflection of wind off façades, and also enhance channeling of wind flow around and between
structures. Consequently, as expected, this assessment confirms that there will be increased wind impacts around
the new Outpatients building precinct, compared to a cleared site scenario. Such wind impacts are difficult to
eliminate for all areas when a tall building is to be positioned on a cleared site.
In this instance, in all but two small areas of the site, the design of the building and the proposed landscaping ensure
that those impacts will remain within the appropriate comfort criteria for pedestrian amenity.
For those two areas (in the Cumberland St courtyard under the building overhang and under part of the pedestrian
canopy), options have been explored for minimising those adverse effects. That analysis has confirmed that
introduction of a wind canopy would make no significant difference to wind impacts in the courtyard area.
However, some increase in the amount and height and/or density of vegetation would improve wind comfort
conditions. It is expected that this will happen to some extent naturally over time as the proposed trees/vegetation
grow however it is considered that this should be specifically provided for in the necessary plans.
It is also noted that the adverse effects of wind on pedestrian amenity are likely to be further reduced by the
features on the building and ultimately, the future development of any building to the south of the Outpatient
building.
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Appendix A – CFD wind images
Below are a series of figures that illustrate how stronger wind scenarios impact on the Outpatient building precinct.
Figures 10 and 11 are for southwest winds showing enhanced wind speeds near the Cumberland St
entrance/courtyard, south of the precinct, and in the Castle St and St Andrews St intersection area. Figures 12 and
13 focus on the Cumberland St entrance/courtyard area in stronger west and northwest winds respectively, and
Figure 15 shows how stronger winds from the northerly direction contributes to wind impacts along Castle St and
to a lesser extent on Cumberland St.

Figure 10: Wind speeds in a stronger background southwest wind scenario looking from the southwest

Figure 11: Wind speeds in a stronger background southwest wind scenario looking from the south down Castle St

Figure 12: Wind speeds in a stronger background westerly wind scenario looking from the west
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Figure 13: Wind speeds in a stronger background northwest wind scenario looking from the southwest

Figure 14: Wind speeds in a stronger background northerly wind scenario from the south
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