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PROFESSIONAL PRACTICE

Social monitoring can contribute to ex-ante SIAs: a case of New Zealand wind farm planning

James Bainesa*, Jeff Bakerb, Lucy Brophyc, Alex Riellyc, Jayme Thompsonc and Yazrin Yasinc

aTaylor Baines & Associates, Christchurch, New Zealand; bPalmerston North City Council, Palmerston North, New Zealand;
cDepartment of Resource and Environmental Planning at Massey University, Palmerston North, New Zealand

Pressure is mounting to build increasing numbers of wind farms in order to increase the proportion of electricity that is
generated from renewable sources. Despite high levels of public support in principle, noise and visual effects frequently lead
to strong NIMBY responses in the immediate locality of a proposed wind farm. Furthermore, the benefits and costs of wind
farms tend to fall unevenly in the host community. Social impact assessments (SIAs) have for a long time been hampered by
the lack of useful empirical data, particularly reflecting the ex-post experience of wind farm neighbours. This paper
describes an ex-post survey of several hundred households living within 5 km of three operating wind farms carried out as an
integral part of an SIA. Results relating to rural residents were subject to statistical significance analysis. The implications of
the results of this kind of SIA work for future wind farm proposals are discussed, including the need for more ex-post
investigations of actual experience.

Keywords: wind farm; ex-post survey; separation distance; SIA

Increasing demands for wind farms

For many reasons, pressure is mounting to build increasing

numbers ofwind farms in order to increase the proportion of

electricity that is generated from renewable sources. The

enormous scale1 of New Zealand’s potentially economic

wind resources (Connell Wagner 2008, pp. 12–13), which

are comparatively favourable by world standards, provides

one compelling reason to embrace wind farm development.

However, the first two decades of such wind farm

development in this country have thrown up a number of

challenges, as the industry seeks to grow while New

Zealanders come to terms with the social reality of

harnessing wind for commercial electricity supply. Wind

farm development in New Zealand is becoming increas-

ingly contentious, generally for one of two reasons.

Opposition has been most notable where wind farms have

been proposed in areas of outstanding natural landscape

value,2 or where large numbers of turbines with visual

profiles exceeding 100m in height have been proposed

within 2–5 km of substantial numbers of rural-residential

‘neighbours’. The latter situation is the focus of this paper.

This paper discusses the nature of planning for a wind

farm, the historical absence of reported empirical social

data on wind farm impacts in New Zealand or elsewhere in

the world, and a recent survey of more than 200 wind farm

neighbours carried out as part of the social impact

assessment (SIA) for the fifth wind farm proposal for the

Manawatu region in the vicinity of Palmerston North City

(refer to Figure 1). The paper concludes with a discussion

of the possible implications of this kind of SIA work for

future wind farm development in New Zealand, including

the need for more ex-post investigations of actual

experience.

Planning for wind farms

Characteristics of New Zealand wind farms

Most commercial-scale wind generating turbines currently

operating in New Zealand are imported from European or

Scandinavian manufacturers. The exception, so far used in

only one wind farm, is a 500 kW turbine manufactured in

New Zealand. Following international trends, wind

generating turbines have been increasing steadily in unit

size (NZ Centre for Advanced Engineering 2008, p. 55, NZ

Wind Energy Association 2009a). The first two wind farms,

which began operating in 1996 and 1999, used 550 and

660 kW capacity turbines, respectively. The Te Apiti wind

farmbeganoperatingwith 1.65MWturbines in 2004, andby

2009 three further wind farms were operating with turbines

rated at 2.0, 2.3 and 3.0MW, respectively. In New Zealand

there has also been a trend towards increasing numbers of

turbines, that is to say, larger wind farms. The first two wind

farms had total installed capacities of 4 and 32MW,

respectively. By 2009, the largest operating wind farm had

a total installed capacity of 143MW. Since then two wind

farms in excess of 220MW have been consented and three

wind farm applications have been lodged with proposed

installed capacities of 360, 540 and 630MW respectively.

Access to land for wind farm development

In most cases in New Zealand, the wind farm operator does

not own the land on which turbines are located.Wind farms

are not incompatiblewith traditional pastoral agriculture on

hill country, since the actual footprint of a wind farm,

including turbines and access tracks, typically occupies

1–3% of the farming properties concerned (NZ Wind

Energy Association 2009b). Consequently, wind farm
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developers generally enter into land-access agreements in

exchange for an annual payment to the landowner.

For several reasons, wind farm developers tend to try

to maximize the land area and turbine-siting opportunities

during their consent applications. These reasons include a

desire to maximize the use of a favourable wind resource;

the upfront development costs of wind farms, including

planning and consent application costs; a desire by

landowners to maximize their revenues with as many

turbines as possible on their particular property; a desire to

maintain flexibility for turbine purchase decisions and

specific turbine siting decisions (flexibility over the

number and size of turbines so as to avoid being subject

to undue influence from a particular turbine manufac-

turer); as well as the possible facilitation of subsequent

applications for wind farm capacity expansion through in-

filling with additional turbine sites, if the overall area is not

going to expand. This approach can lead to situations

where the wind farm developer’s desire to maximize the

consented land area may result in separation distances to

the nearest neighbours’ dwellings that challenge the limits

of social acceptability, particularly in terms of visual

dominance and intrusive noise effects. This is a frequent

source of challenge during consent application hearings,3

owing to the conflicting interests of participating land-

owners and nonparticipating neighbours.

Planning under the Resource Management Act

Land-use planning in New Zealand is governed by the

Resource Management Act (RMA) 1991. This legislation is

intended to provide for good resource management that

‘enables people and communities to provide for their social,

economic and cultural wellbeing and for their health and

safety while . . . avoiding, remedying, or mitigating any

adverse effects of activities on the environment’ (RMA,

s5(2)). While SIAs are not mandatory under the RMA, even

though assessments of effects are, it is not difficult to see how

an SIA can contribute to decision-making in the context of

the legislative purpose just described. The practicalities of

impact assessment (including SIA) in this legislative context

require determinations to be made about whether an adverse

effect is ‘minor’ or ‘more than minor’, since any adverse

effect that is expected to be more than minor in its

significance then obligates the applicant (i.e. the wind farm

developer) to consider how such an effect can be avoided (in

the first instance) and if not avoided, how it can be remedied

or mitigated in some way.

This situation gives rise to several challenging issues.

Firstly, such determinations rely on professional judgements

about what is ‘minor’. In the essentially adversarial hearings

process established under the RMA, the judgements of

different experts often compete, and in the absence of

empirical data, the judgements themselves must be based

largely on professional interpretations of the circumstances

and on professional opinions. Secondly, there is a growing

tendency to adopt a reactive approach to mitigating adverse

effects, referred to as ‘adaptive management’. In this

reactive approach, the wind farm operator is required to take

action only if and when an adverse effect is experienced and

reported by the affected party; there is little obligation on the

wind farm operator to try to avoid the cause of the adverse

effect in the first instance. Adaptive management is often

argued as a reasonable approachwhen facedwith a degree of

uncertainty about the specific circumstances of the

application. However, the approach becomes problematic

Figure 1. Existing and proposed windfarms near Palmerston North City.
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when it is used as a strategy to avoid gathering relevant

comparison case data in advance of the decision on the

application, even though there is an opportunity to do so. The

principal author has been involved in several wind farm

assessments in New Zealand where the applicant has

declined to fund such empirical survey work. Adaptive

management is also problematic because it puts the burden

on nonparticipating neighbours to complain in order to

trigger an adaptive management response.

Contrasting perspectives of wind farm advocates and
wind farm neighbours

The planning issues discussed above highlight the

potentially polarized perspectives of wind farm advocates

and wind farm neighbours – the people who have to live

with the presence of wind turbines in their environment on

a permanent basis. Such contrasting perspectives are

frequently in evidence at consent application hearings. It is

worth reviewing the kinds of information on which these

contrasting perspectives are built and how SIAs might

address these issues. SIAs, which seek to identify both

attitudes towards wind farm development as well as

experience of the effects of wind farms on neighbours,

would be well placed to explain why these information

sets appear to represent such contrasting ‘evidence’. It is

important to keep in mind the distinction between

attitudinal evidence and empirical, experiential evidence.

Wind farm advocates4 in New Zealand

Wind farm advocates will frequently refer to evidence of

widespread public support; in other words, evidence of

public attitudes towards hypothetical wind farm develop-

ments. Although individual wind farm developers in New

Zealand have occasionally commissioned their own

surveys of public opinion,5 previous national public

opinion surveys on attitudes to wind farm development

were commissioned by the Energy Efficiency and

Conservation Authority (EECA) in 1994, 2004 and 2008.

These surveys are useful for identifying trends over time in

support for or opposition to wind farms, as well as specific

conditions that are pertinent to interpreting the survey

responses. In the 1994 national survey, 1000 respondents,

sampled from throughout New Zealand, stated their

attitudes towards a wind farm in their region, under the

following four conditions: (1) if they could not see or hear

the windmills; (2) if they could not hear them, but could see

them as distant windmills on the skyline; (3) if they could

not hear the windmills, but could see them as if they were

just across the road; and (4) if they could clearly see the

windmills and hear them at a noise level less than that

associated with living on a main road. It should be

remembered that this 1994 survey was undertaken at a time

when no wind farms had been built in New Zealand.

Consequentlymost respondents would have had little if any

direct experience of a commercial wind farm. None would

have had any experience of living near a wind farm in New

Zealand; a few may possibly have seen wind farms when

travelling in Europe or North America. The national survey

was repeated in 2004 when two wind farms were operating

in the country, so that the majority of survey respondents

would still have had little if any direct experience of a wind

farm. Results from these two national surveys are

summarized in Table 1 and demonstrate the extent to

which levels of public support and opposition depended on

assumed proximity of the hypothetical wind farm.

Results in Table 1 give a clear indication of declining

levels of support over time, as anecdotal accounts of early

New Zealand experience began to influence public

perceptions. The results imply that visual effects continued

to find favour with the majority of respondents, so long as

the hypothetical turbines were to be viewed in the distance.

The survey report for 2004 provided no explanation why

respondents were not interrogated about the fourth

condition (‘if they could clearly see the windmills and

hear them at a noise level less than that associated with

living on a main road’) in the 2004 survey. Had this

question been repeated in 2004, the other tabulated results

suggest it is likely that these responses would also have

revealed declining levels of support, to the point where an

absolute majority of respondents were not in favour.

In 2008, with five wind farms operating in the country,

the national survey adopted different questions altogether,

as indicated across the top of Table 2. Thus, strict trend

comparisons are not possible.

If the results in Table 2 are expressed in terms of

support or lack of support, the percentages indicate that,

although public support remains strong in principle and for

wind farms that are further removed from dwellings, they

no longer receive majority support in situations where they

are likely to be heard at neighbouring dwellings.

Wind farm neighbours in New Zealand

The experience of conducting SIAs on five wind farm

proposals in New Zealand supports the proposition that

prospective wind farm neighbours in this country not

infrequently exhibit a strong NIMBY (not in my back yard)

response, while also usually claiming to support wind farm

development in principle. In such cases, concerns about

Table 1. Public attitudes to wind farm development (EECA 1994, N ¼ 1000; EECA 2004, N ¼ 750).

Condition In favour (%) Neither/nor (%) Against (%)
1994 2004 1994 2004 1994 2004

Not see or hear 87 76 9 14 4 9
See distant but not hear 81 66 12 19 6 14
See near but not hear 60 40 17 25 21 34
See near and hear less than main road 50 Not asked 17 Not asked 29 Not asked

Source: EECA (1994, 2004).

Social monitoring can contribute to ex-ante SIAs 197



visual dominance and intrusive noise effects are usually

prominent.6 Inmuch the sameway aswind farm developers

refer to evidence from elsewhere, wind farm neighbours

have to do the same. Their evidence, however, usually takes

the form of anecdotal information about the experience that

other people have had of living in close proximity to an

operating wind farm, information often obtained from un-

moderated internet sources. The authors do not infer that

anecdotal information has no value, merely that such

information is not always collected in a systematic manner.

It is the gap in systematic information of actual experience

that this SIA sought to address.

International reporting of attitudinal evidence and

empirical, experiential evidence

An Internet-based literature search for surveys related to

wind farm developments confirmed interest in the

contrasting perspectives related to attitudinal evidence

and empirical, experiential evidence. Public opinion

surveys aiming to quantify levels of support for or

opposition to new wind farm developments have generally

been commissioned by public agencies (e.g. Damborg

1998, UK Centre for Sustainable Energy 2002, Renewable

UK 2002, Sustainable Energy Ireland 2003, NSW

Department of Environment, Climate Change and Water

2010). The Irish survey attempted to introduce the

experience factor by deliberately targeting a subsample

of respondents living near existing wind farms. However,

the survey was still focused on attitudes rather than

experience of effects. As with the New Zealand EECA

survey reported earlier, the NSW survey found levels of

support for new wind farm development decreasing as

respondents lived closer to existing wind farms.

Surveys exploring actual effects experienced have

generally been undertaken by research or advocacy

organizations. For example, van den Berg et al. (2008)

studied annoyance levels experienced at different levels of

noise exposure measured in terms of dBA. Nissenbaum

(2010) studied the health impacts of adverse noise effects

from wind turbines experienced by 30 adults living within

1000 m of twenty-eight 1.5 MW turbines, by comparing

them with a nonexposed control group of 27 adults living

some 5000–6000 m away. An internet-mediated survey by

Epilepsy Action in the UK found no links between turbine

blade flicker and the triggering of epileptic seizures.

Although not a survey per se, Corry (2011) investigated how

pre-development visual simulations compared with post-

development experience of visual effects.

It is notable, even from these small samples of literature,

that the kind of research activity related to producing

empirical evidence about neighbours’ experience of wind

farmshas emergedonly in the last fewyears, since about2008.

Wind farm SIAs in New Zealand in the absence of

empirical social data

Lack of developer interest in funding research

It is perhaps understandable that wind farm developers

have been reluctant to fund research once they have their
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consents, despite several approaches7 in recent years.

While resource consents often have conditions attached to

them requiring physical monitoring, rarely if ever are there

conditions requiring any social monitoring. Even in cases

where monitoring of noise levels is a requirement to

ensure compliance with the standard,8 this is usually

limited to measured levels of sound.9 However, when a

growth industry wishes to demonstrate its performance in

a credible manner, there would be advantages to all

stakeholders if an appropriate mix of technical and social

monitoring was used to do so. In 2009, one of the first

examples of such combined technical and social

monitoring of a wind farm in New Zealand was initiated

in response to a sequence of complaints from a particular

wind farm near Palmerston North. While all the

complaints came from properties within the geographic

area covered by the ex-post survey,10 only three of the 16

properties that were the source of the complaints were

home to survey respondents. This would suggest that the

ex-post survey results reported here are conservative in

estimating the proportion of near neighbours who have

experienced adverse impacts from turbine noise.

It is less understandable that consent authorities have

allowed this situation to persist for such a long time, given

their general responsibilities for community well-being

and their particular (supposed) interests in monitoring the

outcomes of their decisions. It is therefore to its credit that

the Palmerston North City Council (PNCC), the consent

authority for three existing wind farms in the Manawatu

region, took the initiative which resulted in the ex-post

survey reported in this paper.

Different issues for visual and noise effects

Before presenting the results of the 2009 ex-post survey in

Manawatu, it is worthwhile making some general obser-

vations about the experience of visual and noise effects,

based on accumulated experience from conducting SIAs of

four wind farm proposals and analysing a number of surveys

carried out in New Zealand (Baines 2005). Many more

people potentially have responses to the visual effects than to

the noise effects from wind farms, because wind farms are

visible over a much broader geographic area than the area in

which they can be heard. The sequence of EECA surveys

demonstrates that, while many people find turbines visually

attractive or at least have a neutral response, the proportion

who find them unattractive appears to be increasing over

time. Separation distance is a factor in these responses to

visual effects, as it is for noise effects, although the factor

operates over a different range of separation distances. This

is confirmed by the survey results reported here.

Difficulties of assessing social effects

The absence of systematic empirical data on visual and

noise effects makes it difficult for SIA practitioners to

answer with any confidence such simple questions as how

many people are affected? How often do they experience

the effects?How intrusive is the noise?How adverse are the

impacts? Is there a link between experience and location?

The ex-post survey provides some answers to these

questions. Then there is a final question relevant in the

context of this paper: are the survey data good enough to

provide guidance for future planning and decision

making? All these questions will be addressed in the

remainder of this paper.

Ex-post survey of wind farm experience

The ex-post survey was carried out as part of an SIA

commissioned by the PNCC on the Turitea wind farm

proposal for the ranges east of Palmerston North City. It was

deemed essential in view of the fact that there was little pre-

existing empirical social data on neighbours’ experience of

three operating wind farms, notwithstanding their accumu-

lating presence nearby over a period of 10 years. Given the

predominance of expressed concerns11 that typically relate to

visual and noise effects, the purpose of the ex-post survey12

was to focus simply on residents’ experience of the visual

and noise effects of existing wind farms, for those who have

lived relatively close to them. Thus, the ex-post survey was

purposive in nature and sampling was not random. Rather

households were targeted because of their proximity to

existing operating wind turbines – residences within 5 km,

with particular emphasis on those within 3 km. The intention

when planning the surveywas to conduct a census of all rural

dwellings within 5 kmof a turbine, on thewestern side of the

Tararua ranges,13 within PNCC territory (see Figure 2). This

was to be complemented with a subsample of Ashhurst

township dwellings focussed on the eastern fringe of the

township closest to wind turbines. Being on the western side

of the ranges, the households covered in the survey were all

upwind of the wind turbines when considering the

predominant northwesterly wind direction. Furthermore,

the topographical profile on the western side of the ranges,

from the river floodplain to the top of the Tararua Ranges, is

similar at the locations of each of the three wind farms.

In the event, the interview programme had to be

terminated before the rural census could be completedwhen

localmedia began to publicize debate about the forthcoming

wind farm planning application on the Tararua ranges. The

decision to terminate the survey was taken in order to avoid

the influence on responses about past experiences of

possible concerns about future cumulative effects.

Interviewers visited each house, at least twice if

necessary to find someone at home, and conducted face-to-

face interviews using a pre-planned and piloted ques-

tionnaire.14 Respondent selection within each household

was random, determined by the date of the next birthday for

occupants aged 16 and over. Interviews lasted between ten

and twenty minutes. The survey achieved 212 responses,15

127 of these coming from the township of Ashhurst and the

remaining 85 from a 5 km band along the hills south of

Ashhurst and west of the ranges, incorporating as many

households as possible within 3 km of the existing wind

farms of Te Apiti, Tararua and Te Rere Hau and some

between 3 and 5 km from existing turbines.

The wording in the tabulated results presented in this

paper corresponds verbatim to wording used in the

questionnaire.
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Visual impacts

Basic results16 from the questions about respondents’

experience of the visual impacts of seeing turbines on the

nearby ranges are presented in Table 3. It is evident from

Table 3 that an absolute majority (77%) of respondents are

either totally indifferent to the visible presence of turbines

nearby (no impact reported) or report positive impacts

(pleasant impact).

When these results are further analysed by age of

respondent, the length of time the respondent has lived at that

location and by the number of wind farms the respondent

reported as being visible from the property, some interesting

patterns emerge. Table 417 summarizes responses to visual

effects by age of the respondent, and suggests that younger

respondents tend toviewwind turbinesmore favourably than

older respondents.

Such a trend is not dissimilar to that observed in the 2004

national survey of public attitudes to the general proposition

of a wind farm ‘being built in your local area’ (EECA 2004,

p. 21). Such a trend might possibly be explained by the

relationship between age and property ownership.

Table 5 summarizes responses to visual effects by the

length of time the respondent has lived at that location.

Someonewho had lived at their present address for 10 years

Figure 2. Map of survey areas (western side of the 5km-radius shaded area only).
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or longer would have purchased their property before a

single wind farm had appeared on the ranges nearby. The

sharply rising topography between the Tararua Ranges and

the flood plain to thewestmeans that each of thewind farms

that has been established subsequently is visually

prominent and easily distinguishable. The first wind farm

was commissioned in 1999. Someonewho had lived nearby

for 5–9 years would have purchased their property

knowing that one wind farm was operating. Anyone who

had lived at their present address for fewer than five years

would have known that at least two wind farms were

operating nearby when they purchased their property, and

anyone who had lived there for fewer than three years

would have known about three operating wind farms

nearby. The data in Table 5 are therefore illustrative of

actual behaviour patterns and conscious choices in relation

to being able to see a wind farm nearby. The percentage

figures (added beside the raw counts in column 5) indicate

a relatively constant positive experience amongst those

who find turbines pleasant to look at. For these respondents,

their initial disposition towards the sight of turbines appears

to persist. However, the remaining results do point to an

overall trend in which length of residence has resulted in

somewhat increasingly negative experience of visual

impacts from wind farm development. Such a finding is

perhaps explained in part by the results in Table 6, which

summarize responses to visual effects by the number of

wind farms which respondents can see.

These results tend to suggest the proposition that

acceptance of the visual effects of wind farms can decline

as turbines become an increasingly dominant feature of the

landscape. Such a proposition could also be taken from

disaggregating the overall results in Table 4 into two

distinct geographical areas. The favourable overall

response (77% of respondents experiencing pleasant

visual impacts or no visual impacts at all) shown in

Table 3 is stronger in the Ashhurst township subsample

(82%) than in the non-Ashhurst, rural subsample (68%).

Similarly, while a relatively small minority overall (12%)

currently reported negative visual impacts, the rate of

adverse responses in the rural subsample was almost three

times the corresponding rate amongst respondents from

Ashhurst township subsample. Such differences might be

explained by the fact that residents in Ashhurst have been

less exposed to the cumulative impacts of the additional

wind farm development that has taken place along the

ranges to the south, progressively further away from the

township. Indeed, such an explanation is supported by the

responses to a specific question that asked whether or not

their experience of the visual effects of the existing wind

farms had changed over time and, if so, whether their

experience had got better or worse over time (Table 7).

While three-quarters of all respondents reported experi-

encing no change over time and 1 in 10 reported a worsening

experience of visual effects, the difference in responses

betweenAshhurst township and non-Ashhurst rural residents

Table 3. Responses to visual effects of existing wind farms, 2009.

Survey variable
Ashhurst township
sub-sample (2009)

Whole survey
sample (2009)

Non-Ashhurst rural
sub-sample (2009)

Number interviewed 127 212 85
Number who see turbines from their property 126 204 78
Pleasant impact (%) 56% 48% 35%
No impact (%) 26% 29% 33%
Mixed impact (%) 10% 11% 13%
Negative impact (%) 7% 12% 19%
Moderate þ high pleasant impact (%) 41% 37% 29%
Moderate þ high negative impact (%) 6% 10% 15%

Table 4. Responses to visual effects of existing wind farms by age, 2009.

Responses on impacts – raw counts
Age
(years) Mixed Negative No impact Pleasant Totals

Positive Pleasant þ no impact
(%)

Negative Negative þ mixed
(%)

16–30 1 1 10 15 29 86% 7%
31–50 10 9 29 38 89 75% 21%
51 þ 11 14 19 42 89 69% 28%

Table 5. Responses to visual effects of existing wind farms – by length of time living at the surveyed location, 2009.

Responses on impacts – raw counts

Length of residence (years) Mixed Negative No impact Pleasant Totals
Positive Pleasant þ

no impact (%)
Negative Negative þ

mixed (%)

,1 3 1 8 12 (48%) 25 80% 16%
2–4 8 3 20 26 (44%) 59 76% 19%
5–9 3 8 12 22 (48%) 46 74% 24%
10 þ 9 12 18 35 (45%) 77 68% 27%
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is marked. Furthermore, very few rural respondents (2%)

reported that their visual experience had ‘got better’, while

the rate of positive response (6%), albeit still low, was three

times greater amongst Ashhurst township respondents.

Noise impacts

Basic results are presented in Table 8. The first point to

note about the results is that a much smaller proportion of

the rural subsample actually hears the turbines when on

their property: 40% compared with 63%. This is because

the spread of separation distances18 was considerably

greater in the rural subsample than in the Ashhurst

township subsample; that is to say, some of the rural

subsample respondents lived at considerably greater

distances from their nearest turbine than any of the

Ashhurst respondents.19 However, some of the rural

subsample respondents also lived considerably closer to

their nearest turbine than most of the Ashhurst

respondents,20 which explains the higher proportion of

rural respondents who reported experience of negative

noise impacts: 21% compared with 13%. Not surprisingly,

there appears to be a strong correlation between separation

distance and the frequency with which respondents

reported hearing turbine noise, as shown in Table 9. We

explore this question statistically later in the paper.

The trends with separation are particularly apparent

when comparing the two extremes: those who report

hearing turbines once a week or more frequently, and those

who report never hearing turbines on their property.

Comments from respondents living within 3000m of

their nearest turbine and who described their impacts as

moderately or highly negative are listed below:

Woken up at night.

Makes me unhappy. Destroys nature and its sounds.

Irritating to the point where you can’t ignore it.

Worse than visual effects; impacts on quiet times, in
evenings – going to sleep it is disturbing.

It’s a conscious noise; always there; sounds like a train that
never arrives.

Industrial noise; quite loud; grinding.

Mistakenly heard the sound of the wind turbines as a river.

It could sound like a freight train depending on the wind;
highly annoying.

Wouldn’t like to hear it all the time.

Can get annoying.

Hoping we will get used to it, but not a constant noise.

Encroaches on quiet times; loud enough to have to turn up the
TV. Have been woken up; and is difficult to get to sleep too.

Unnatural sound.

Annoying.

These responses reveal something of the diversity of

individual thresholds to noise. In most instances the

Table 7. Changes in experience of visual effects of existing wind farms over time.

Survey variable
Ashhurst township sub-sample

(2009)
Whole survey sample

(2009)
Non-Ashhurst rural sub-sample

(2009)

Number interviewed 127 212 85
No change in experience 84% 74% 58%
Got better 6% 5% 2%
Got worse 4% 11% 22%

Table 6. Responses to visual effects of existing wind farms – by number of wind farms visible from the surveyed location, 2009.

No. of
wind farms

Responses on impacts – raw counts

Mixed Negative No impact Pleasant Totals
Positive Pleasant þ

no impact (%)
Negative Negative þ

mixed (%)

Only 1 2 11 25 36 74 82% 18%
Two 19 9 27 55 110 75% 25%
All 3 2 4 6 6 18 67% 33%

Table 8. Responses to noise effects of existing wind farms, 2009.

Survey variable
Ashhurst township
sub-sample (2009)

Whole survey
sample (2009)

Non-Ashhurst rural
sub-sample (2009)

Number interviewed 127 212 85
Number who hear turbines from their 80 114 34
property (%) 63% 54% 40%
Pleasant impact (%) 2% 1% 1%
No impact (%) 40% 30% 14%
Mixed impact (%) 8% 6% 4%
Negative impact (%) 13% 16% 21%
Moderate þ high pleasant impact (%) 1% 1% 1%
Moderate þ high negative impact (%) 6% 10% 15%
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respondents are describing significant reductions in

residential amenity values, without being extremist or

alarmist. With slightly more separation distance allowed,

the risk of these amenity losses would be largely avoided.

Statistical analyses of the results

The aspect with potentially the most relevance for

assessing the impacts of various wind farm proposals in

future is the set of responses from the sample of rural and

rural-residential residents living close to the Te Apiti,

Tararua and Te Rere Hau wind farms. This is because the

nearest neighbours to most wind farm proposals tend to

live in rural or rural-residential settings.

Within the geographic sampling area, the maximum

possible number of dwellings was estimated at 189, based

on GIS maps and rate-payer dwelling information. The

survey achieved 85 responses, while a further 63 dwellings

were visited without success. Thus, while the overall

survey response rate was 45%, the overall rate of attempt

was 78%. If the results are disaggregated between

dwellings closest to Te Apiti and Tararua wind farms

and those closest to Te Rere Hau, the response and attempt

rates are somewhat different.21 The difference reflects the

fact that less time was available to survey in the vicinity of

the Te Rere Hau wind farm owing to the advent of local

media coverage of the Turitea wind farm proposal, which

posed the risk of distorting survey responses if further

respondents were sought.

The results, describing respondent experience of

adverse effects, were subjected to statistical, curve-fitting

analyses. A binomial distribution was used – the presence

or absence of an adverse effect – and a generalized linear

model fitted. The analyses looked at the relationship

between the separation distance (x-axis) between a

respondent’s dwelling and the nearest operating turbine,

and the likelihood that the respondent reported an adverse

effect (percentage on the y-axis). Four effect variables

were analysed in this manner: (a) all negative visual effects

reported; (b) moderate/high negative visual effects

reported; (c) all negative noise effects reported; and (d)

moderate/high negative noise effects reported. Plots of the

fitted curves are shown in Figure 3(a–d).

Statistical analysis showed that the fitted slope was

negative (i.e. decreasing incidence of negative experience

with increasing separation distance) and significantly

different from zero for all four variables, as summarized

in Table 10.

These results indicate the likelihood that substantial

minorities of rural residents living within, say, 2 km of a

turbine can expect to experience the effects as adverse on

their residential amenity; 25% for visual effects and 40%

for noise effects. At 3 km distances, the proportions reduce

markedly – 16% for visual effects and 17% for noise

effects – while at a separation distance of 4 km the

likelihood is less than 1 in 10 for visual effects and less

than 1 in 20 for noise effects. For wind farm proposals

generally, these results provide an empirical basis for

making decisions about acceptable separation distances to

be allowed between turbine sites and nonparticipating

neighbours’ dwellings.

Lessons from the survey results – the need for greater

social responsibility

The ex-post survey carried out for residents living near

three operating wind farms on the Manawatu Ranges fills

an information gap that has existed for the first two

decades of wind farm development in New Zealand.

Indeed, the authors are unaware of similar survey work

reported in any other country.

When the survey results are analysed statistically for the

relationship between separation distance and likelihood of

experiencing negative impacts, they provide some

guidance for minimum separation distances in future, at

least a basic framework with some quantification.

The results of this ex-post survey are not all bad news

for the wind energy industry. The survey confirms that the

majority of wind farm neighbours still have positive

experiences. However, there is no room for complacency

by the industry. In fact, given the recent media exposure of

noise problems being experienced by the near neighbours

of two wind farms in New Zealand, it seems likely that the

Table 10. Statistical significance of fitted curves for four survey
variables.

Variable (percentage who reported
the following)

Statistical significance
of fitted curve

(a) Negative visual impacts 5% significance
(b) Moderate/high

negative visual impacts 1% significance
(c) Negative noise impacts 0.1% significance
(d) Moderate/high

negative noise impacts 1% significance

Table 9. How often respondents report hearing turbine noise, by separation distance, 2009.

Separation distance Up to 2000m 2000–3000m 3000–5000m

Total responses 17 158 30
Number hearing turbines once/week or more frequently 5 19 1
Percentage hearing turbines once/week or more frequently 29% 12% 3%
Number hearing turbines occasionally (once or twice/month) 6 33 1
Percentage hearing turbines occasionally (once or twice/month) 35% 21% 3%
Number rarely hearing turbines 2 43 1
Percentage rarely hearing turbines 12% 27% 3%
Number never hear turbines 4 63 27
Percentage never hear turbines 24% 40% 90%
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industry faces a need to re-build public confidence. The

survey results demonstrate, amongst other things, that the

social benefits and social costs of wind farm development,

as currently practised in New Zealand, do fall unevenly.

This ex-post survey has provided complementary data to

that from the national surveys on public attitudes to wind

farm development that have been reported in New Zealand.

However, the authors are of the view that the latter are not

relevant for site-specific assessments because they generally

have an inadequate treatment of the issue of separation

distance. Furthermore, many respondents to a national

survey will have had no direct experience of wind turbines.

The results of the ex-post survey also point to the

potential benefits to be gained from improved approaches to

monitoring effects, particularly noise effects, by linking

technical monitoring with social monitoring, as exempli-

fied in the investigations reported by van den Berg et al.

(2008). It is possible that local topography may provide

moderating influences. Whether local topography or any

other factors make a difference to the experience of near

neighbours is a question that can only be investigated with

more ex-post survey data from other operating wind farms.

More ex-post surveys will help to refine the knowledge base

and give greater confidence in its application to other

localities. Improvements in survey methods such as

randomized sampling or achieving census coverage over

specified areas will also give greater confidence in the

generalizability of the results. Linking annoyance levels to

noise exposure levels across a range of separation distances

provides a method for incorporating the variability in

receptor experience owing to intervening topographical

factors as well as differing receptor sensitivities to noise. If

applied to the wind farm monitoring regime required under

resource consent conditions, such modification to current

monitoring practice would give greater confidence in the

relevance of the monitoring results.

Finally, if it is considered important to address issues of

social responsibility in wind farm development and

operation – and the land-use planning law in New Zealand

implies that this is indeed the case – then those responsible

for planning the development of wind farms should re-visit

their approach to planning. Specifically, they should

consider reversing the sequence that is usually adopted in

planning in New Zealand. This would involve incorporating

social and social equity considerations into project planning

at the earliest stages in order to determine, at least on a

provisional basis, the spatial extent of a proposed wind

farm’s footprint and the reach of acceptable effects. Having

done this, planning would then turn to the task of optimizing

the proposal on technical grounds. Such an approach would

build far more public confidence in the industry and its

development intentions. ‘Green’ may be environmentally

responsible, but it needs to be socially responsible as well.

Figure 3. Percentage of responding households reporting experiencing (a) negative visual effects; (b) moderate-to-high negative visual
effects; (c) negative noise effects; (d) moderate-to-high negative noise effects.

J. Baines et al.204



Acknowledgements

The authors wish to acknowledge gratefully the role of the
PalmerstonNorth City Council in commissioning the SIA onwhich
this paper is based, and itswillingness tomake thefindings available
for publication. The authors acknowledge with gratitude the
co-operation and support from other consultants in the team, with
special mention of Mr Clive Anstey (landscape/visual effects), Ms
MollyMelhuish (energy security effects), Mr Tiwene Roberts (GIS
mapping, PNCC) and Mr John Maassen (legal counsel for PNCC).
The authors are grateful to Mr Erik Norder (Taylor Baines &
Associates) for his assistance with data entry, and with preparing
graphics, and Mr Dave Saville (independent statistician) for his
assistance with survey analysis. The authors also acknowledge the
input from more than 520 residents of Palmerston North City,
without which this SIA would not have been possible. Finally, the
authors acknowledge the constructive comments received from the
three reviewers of the draft paper submitted for publication.

Notes

1. Three tranches of economic wind resource have been
identified for sites outside national parks and cities:
15,000MW at ,8.5 c/kW h, 13,000MW at ,10 cents per
kilowatt-hour (c/kW h) and 14,000MW at ,11.5 c/kW h.
These figures compare with total electricity-generating
capacity in New Zealand in 2008 of 9383MW, of which
321MW was from wind.

2. The most high-profile case concerns the proposal for up to
176 turbines of 3.5MW each on the Lammermoor Range in
New Zealand’s Central Otago region. On 19 January 2012,
the proponent, Meridian Energy, announced its decision to
withdraw its proposal after planning and legal processes
spanning a period from 2007 to 2011.

3. For example, the Tararua 3 expansion (2005) in the
Manawatu, the Makara wind farm (2009) in Wellington
and the consented Motorimu wind farm in the Manawatu
(2008) all had to reduce turbine numbers from those in
the original applications, on the grounds of proximity to
neighbours.

4. The term ‘advocates’ may be taken to include wind farm
developers as well as industry organizations and public
agencies charged with promoting renewable energy.

5. For example, Meridian Energy commissioned a national
survey of attitudes to wind farm development prior to
lodging its application for the Makara wind farm proposal,
and Mighty River Power commissioned a regional survey
of attitudes to wind farm development after lodging its
application for the Turitea wind farm proposal, but before
the Board of Inquiry hearing into the application.

6. See, for example, public submissions on each of the wind
farm applications in the Manawatu.

7. The principal author has made several such approaches to
individual companies as well as to the New Zealand Wind
Energy Association.

8. NZS6808:1998 is the official New Zealand Standard
governing acceptable levels of noise exposure from wind
turbines. The standard is currently undergoing review.

9. Enquiries with UK noise experts confirm that this is also
standard practice in that country when monitoring wind
farm noise after operation has begun. In other words,
such monitoring is aimed at confirming that pre-
construction noise modelling was accurate, and has
nothing to do with establishing whether or not the noise
levels actually experienced meet local expectations of
acceptability.

10. Addresses recorded by the Palmerston North City Council
indicate most of the complainants live between 1500 and
2500m from their nearest turbine.

11. Concerns expressed in written submissions for numerous
wind farm applications, as well as concerns expressed
verbally to SIA practitioners in the field.

12. The questionnaire for the ex-post survey was subject to
independent peer review by Massey University academics
experienced in both SIA and survey methods.

13. The 5 km visual catchment on the western side of the
Tararua ranges is in Palmerston North City Council
territory whereas on the eastern side of the ranges, it is in a
neighbouring territorial authority area. The survey was
commissioned by the Palmerston North City Council and
therefore focussed on its own rate-payers.

14. A copy of the questionnaire can be made available on email
request to the principal author.

15. The distribution of respondents by sex matched exactly
with the Palmerston North City data from the 2006 census,
while the age distribution indicated that younger age groups
(16–30 years) were under-represented (14% compared
with 33%) and mid-age groups (31–50 years) were over-
represented (42% compared with 33%), as were older age
groups (51 þ years: 42% compared with 33%).

16. Note that the percentage figures presented in Tables 5 and 10
are based on the total number of responses so that they
indicate the percentage of the total survey population who
are exposed to such effects, regardless of whether or not all
residents can see or hear turbines from their rural dwellings.

17. Row and column totals incorporate small numbers of
missing data and therefore do not always equate with the
sum of cells.

18. Ashhurst subsample respondents were spread across a range
of separation distances from 1750 to 2330m, while the non-
Ashhurst, rural subsample were spread across a range of
separation distances from 1420 to 5050m.

19. No Ashhurst respondents in the survey lived more than
3000m from their nearest turbine, while almost half of the
rural respondents did so.

20. Three rural respondents lived closer than 1500m from their
nearest turbine and 11 lived between 1500 and 2000m from
their nearest turbine, whereas no Ashhurst respondents
lived less than 1500m and three lived between 1500 and
2000m from their nearest turbine.

21. For the rural areas closest to TeApiti and Tararuawind farms,
the maximum possible number of dwellings was estimated at
75, with an achieved survey response rate of 55% and an
associated attempt rate of 93%.For the rural area closest to the
Te Rere Hau wind farm, the maximum possible number of
dwellings was estimated at 109, with an achieved survey
response rate of 36% and an associated attempt rate of 67%.
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