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The landscape of rural Canterbury, New Zealand, has evolved from tussock grasslands to one of the most productive dairying
areas in the world. While these changes represent a boon for Canterbury’s economy, the visual impact of land-use change has been
dramatic. In this paper, we evaluate which changes to the Canterbury landscape have been most pronounced, how people react to
those changes, which aspects of the rural landscape are of greatest importance to both urban and rural residents of Canterbury,
and whether cost-effective means of mitigating visual changes to the landscape exist. We find that the majority of Cantabrians hold
unfavourable views of recent changes to the landscape—particularly with regard to dairying—a finding that is consistent across
both urban and rural survey respondents. Using a visual assessment study with cross-classified random effect, we find that dairy
cows, irrigators, and silage bales significantly reduce viewers’ subjective evaluations of landscapes while shelterbelts dramatically
increase their subjective evaluations. Moreover, native New Zealand shelterbelts are preferred to exotic shelterbelts, but both are
preferred to having no shelterbelts, suggesting that the negative visual impacts of dairy farming may be ameliorated by intensified
tree planting.

1. Introduction

Agriculture represents a larger share of New Zealand’s econ-
omy than that of any other OECD country except Turkey [1].
The agriculture, food, and forestry sectors generate 70% of
New Zealand’s merchandise export earnings and around 12%
of gross domestic product. New Zealand is the world’s largest
dairy and sheepmeat exporter [2]. Total exports are projected
to grow over the next decade, led by agriculture [3], and the
NewZealand government has announced a target of doubling
agricultural exports by 2025 [2].

Famously, sheep in New Zealand once outnumbered
people by a margin of 22 to 1. However, falling wool prices,
elimination of farming subsidies, and sustained droughts dra-
matically reduced the profitability of sheep farming, and the
total number of sheep has fallen by 56% after peaking above
70 million in 1982 [4]. Consistent with models developed
by Kerr and Hendy [5], dairy had displaced sheep and beef
farming on higher quality agricultural land, driven largely by

rapidly increasing demand from China. Between 1982 and
2012, the size of the national dairy herd more than doubled
from 3 million to 6.1 million [6]. Dairy products alone now
comprise 27% of the total value of New Zealand’s exports,
more than twice that derived from lamb and wool [7], and
the dairy cooperative Fonterra, which is responsible for 30%
of the world’s dairy exports, has becomeNewZealand’s single
largest company.

Converting land use from grazing for sheep and other
dry stock to dairy entails investing in dairy sheds, equipment,
and, often, irrigation. These changes markedly affect the
visual landscape by introducing buildings and machinery
into paddocks, by altering the predominant livestock (e.g.,
from sheep to dairy cattle) and plant (e.g., from tussock
to ryegrass) species and by replacing the dominant colour
palette from dry browns to lush greens. Such changes are
likely to be especially pronounced in Canterbury, New
Zealand, which is dominated by high-quality pastoral land
that was predominantly used for sheep and beef farming until
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the 1980s. Since 1982, Canterbury’s dairy herd has increased
by a staggering factor of 1639%, from 69,000 dairy cattle to 1.2
million.

This paper is agnostic as to whether dairy intensifica-
tion has positive or negative implications for Canterbury’s
environment. Instead, it seeks to uncover whether residents
of Canterbury have noticed changes in the visual landscape
associated with dairying and, if so, whether these changes
are viewed positively or negatively by both urban and rural
residents. The paper then uses a visual assessment study to
quantify the hedonic change in landscape values associated
with dairy conversion and proposes shelterbelts (plantations
typically comprised one or more rows of trees or shrubs
planted closely together in order to shelter livestock from
wind and to protect soil from erosion, sometimes called
“windbreaks”) as one mean of restoring the innate scenic
value of the Canterbury landscape.

We find that the majority of Cantabrians have noticed
visual changes to the landscape and that the majority of those
view them unfavourably. We further find strong consistency
between rural and urban Cantabrians regarding preferences
for the rural landscape. In particular, dairy cows, irrigators,
silage bales, and overgrown road verges significantly reduce
viewers’ subjective evaluations of landscape images while
shelterbelts significantly increase their subjective evaluations.
Because the visual cues of dairying are seen negatively and
because shelterbelts are shown to substantially mitigate these
negative impacts, a further assessment is then undertaken
to identify the preferred composition of shelterbelts; we find
that shelterbelts comprised of native New Zealand trees are
preferred to those comprised of exotics, although some exotic
species are nevertheless viewed very favourably. Finally, we
evaluate whether perceptions of various types of shelterbelts
change with additional knowledge pertaining to the extent to
which they promote biodiversity.

Section 2 describes the research methodology and
Section 3 describes the Canterbury setting. Section 4
presents the results. Section 5 concludes.

2. Canterbury, New Zealand

With an area of 45,346 km2, Canterbury is New Zealand’s
largest region. The Conway River and the Southern Alps
define its northern andwestern boundaries, and the southern
border extends south of the Waitaki River; the Pacific Ocean
traces its eastern edge. As of the 2013 census, the population of
Canterbury stood at 539,546 [8], making it themost populous
region on New Zealand’s South Island and the second most
populous region in the country. Some 341,469 (63%) of
Cantabrians reside in the Christchurch urban area, the third
most populous urban area in New Zealand [8].

Like much of New Zealand, the landscape of Canterbury
has undergone profound changes since the arrival of Māori
settlers in the 13th century; fires destroyed much of the scrub
and beech forests that originally dominated the landscape and
tussock grassland slowly took over. In the nineteenth century,
European settlers introduced exotic grasses, flowering plants,
and trees that gradually supplanted much of the native

vegetation. Canterbury’s landscape has been further altered
by economic activities such as livestock farming, cropping,
forestry, and mining.

The modern Canterbury economy is a diversified mix
of industrial activities—particularly business and property
services, wholesale and retail trade, and manufacturing, all
centred on Christchurch—and agriculture. The Canterbury
Plains that surround Christchurch and extend south to
the Otago border are well suited for moderately intensive
livestock farming, particularly sheep farming. Indeed, during
the height of New Zealand’s sheep production in 1982,
Canterbury had 12 million sheep, 17% of the national flock.
Canterbury is also New Zealand’s main producer of cereal
crops, supplying roughly half of the wheat, barley, and oats
[6].

However, dairying has largely supplanted other agricul-
tural activities in Canterbury over the past three decades, and
the number of sheep in Canterbury has fallen to 5.3 million
while the number of dairy cattle increased from 69,000 to
1.2 million [6]. Today, nearly 20% of rural properties in
Canterbury have at least some dairy and the median Can-
terbury dairy farm stocks 750 head of cattle on 210 hectares.
Despite the fact that dairy now accounts for approximately
30%ofNewZealand’s export earnings and that the industry is
estimated to have increased annual per capita income in Can-
terbury by NZ$ 590 [1], many Cantabrians reportedly lament
the resulting changes to Canterbury’s iconic landscapes [9].

3. Methodology

Visual preference surveys are a common tool used to inform
planning decisions. Following the protocol developed by
Anton Nelessen, respondents subjectively evaluate a series
of images. Each image is categorized by type, and means
and standard deviations are calculated for each category
in order to report which images—and hence which design
features—are preferred, on average. This methodology has
been championed by the new urbanist and smart growth
movements, which have shown that the public prefers idyllic
village scenes to contemporary suburban scenes [10–13] and
has been used to justify long-range planning and changes
in zoning ordinances (e.g., [14–16]). However, without addi-
tional analysis, it is unclear whether expressed preferences
differ in a statistical sense, whether features for which we
do not account influence results, and to which features
of scenes viewers respond. Indeed, in the absence of such
considerations, comparing means across scenes to inform
planning may lead to decisions that may prove to be both
costly and incorrect [17, 18].

Visual assessment studies, by contrast, undertake crit-
ical analyses of components depicted in images, allowing
inferential statistics to test the strength and significance of
differences across images while accounting for correlates over
which planners have little control [19]. These studies have
been used by progressive landscape architects, environmental
psychologists, and urban planners to gauge public preference
in a variety of contexts (e.g., [20–29]).
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Figure 1: Diverse land-use and image content.

Best practice in visual assessment studies entails con-
ducting a visual preference study in which respondents view
between 5 and 100 images [30], often including several
unevaluated “decoy images” at the beginning to allow for
learning and calibration [31, 32]. Photographs are generally
used, and efforts are made to ensure both the comparabil-
ity (e.g., consistently using colour photographs shot under
similar lighting conditions) and visual accuracy (e.g., by
using wide-angle lenses) of image [33–35]. Results have been
shown to be consistent when respondents rate images, rank
images, or choose between paired images [36, 37]; with
larger numbers of images, however, rating images on a Likert
scale ranging from least preferred to most preferred is most
efficient and feasible [38]. Finally, multivariate regression is
used to explain differences in image content in a statistical
sense (e.g., [39–41]).

Ordinary least squares (OLS) is the regression approach
used in the vast majority of visual assessment studies. How-
ever, OLS assumes that each observation is independent; if
this assumption is violated, for example, if the subjective
evaluation of images is clustered by location, then OLS point
estimates will be inefficient and their associated standard
errors will be biased toward zero. Hierarchical modelling
overcomes this limitation by introducing a “nesting” struc-
ture. For example, images in the present study are nested
within respondents since each respondent evaluates the same
set of images, and respondents are nested within images
since each image is evaluated by the same group of respon-
dents [42]. When an outcome varies systematically in two
dimensions and random effects are present, the resulting data
structure is best represented by a cross-classified random
effects model, allowing random effects for both images and
respondents to be used [43, 44].

To ensure that images used in the visual assessment
study were consistent in terms of angle, perspective, light-
ing, and exposure, a photographer drove 900 km of rural

roads throughout Canterbury, photographing approximately
1200 scenes under similar weather and lighting conditions
and from a similar perspective. These 1200 scenes were
categorised by geography, land use, and image content,
and 43 images were selected for the study based on these
characteristics as well as comparability of photographic
attributes. For example, the four images depicted in Figure 1
represent diverse land use and image content while shar-
ing similar angle, perspective, lighting, and exposure. The
images depicted in Figure 2 similarly show different types of
shelterbelts shown under similar conditions. The exposure,
contrast, saturation, and temperature of each of the images
were then evaluated by an independent consultant to ensure
comparability and to reduce concerns about bias stemming
from photo warmth and quality [37].

The selected images were shown to two focus groups,
participants of which identified the key features depicted
in scene. A committee of independent researchers then
categorised the content of each of the 43 images according to
the 14 features identified in the focus groups using the Delphi
method [45, 46] to derive consensus.These features are listed
in Table 1.

While individual landowners have little or no influence
over the last two variables, they were included because the
presence of telephone and electricity poles and variation
in topography may affect the aesthetic quality (and hence
viewers’ perceptions) of images of Canterbury’s landscape.

A surveywas administered to 800 residents of Canterbury
via the Internet in March 2012. The Canterbury population
was stratified by urban/rural residence for sampling. Within
each stratum, potential respondents were selected at random
from a population of individuals who agreed to participate in
online survey research andwhowere at least 18 years old at the
time of the survey. Importantly, this population was recruited
via telephone and other non-Internet sources, reducing the
potential sample selection biases inherent in online surveys
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Figure 2: Types of shelterbelts.

Table 1: Image components of the photos used in the visual
assessment survey.

Component Categorisation
Roadside shelterbelt in image Yes, no
Shelterbelt origin None, native, and exotic

Shelterbelt species
None, poplar, gum, gorse, pine,
macrocarpa, Pittosporum, flax,
and mixed native trees

Shelterbelt shape None, trimmed, and untrimmed
Shelterbelt height None, short, and tall
Distant shelterbelt Yes, no
Prominent individual trees Yes, no

Type of stock None, sheep, beef cattle, and
dairy cows

Prominent horticulture Yes, no
Prominent irrigator Yes, no
Prominent silage bales Yes, no
Prominent green paddocks Yes, no
Prominent weeds Yes, no
Overgrown verge Yes, no
Prominent electric/telephone
poles Yes, no

Prominent hills Yes, no

[47]. Consistent with the population distribution of Canter-
bury, 67% of the sample was drawn from urban centres.

The survey covered household demographics, occupa-
tions, and hobbies of household members, perceptions about
the importance of various industrial sectors for Canterbury’s
economic future, perceptions of different rural land-use
changes, and the visual preference component described

above. Apart from the visual preference component, the
entire survey comprised closed-ended, multiple-choice ques-
tions.This format was chosen to facilitate efficiency and com-
parability of survey responses and is standard in quantitative
survey research [48]. For the visual preference component
of the survey, respondents were asked to evaluate the land-
scape depicted on a 7-point Likert scale that ranged from
extremely unappealing (low scores) to extremely appealing
(high scores). Five decoy images were included at the begin-
ning to allow for learning and calibration; after these images
were shown, images appeared in random order to circumvent
biases arising from viewing order.The survey was extensively
tested for understanding prior to administration.

Sixty responses were eliminated due to inconsistency
and/or poor quality (e.g., spending too little time on survey
questions), leaving an effective sample of 740. The responses
that were omitted did not follow systematic patterns; for
example, no demographic group was disproportionately rep-
resented in the rejected surveys. Moreover, the results shown
below are substantively unchanged using the entire sample of
800.

Summary statistics for the sample are presented in
Table 2.Themean age of survey respondentswas 50, while the
youngest and oldest respondents were 19 and 88, respectively.
The average age of adult residents in Canterbury in 2006
was 48.3 [49], although there is some evidence that three
large earthquakes centred near Christchurch in 2010 and 2011
disproportionately induced migration among young people
[50].Hence, the age structure of our sample reflects that of the
Canterbury population. The mean duration of residence in
Canterbury is 31 years. Half of the sample ismale, as expected,
although just 4.5% of the respondents identify themselves as
being Māori as opposed to non-Māori New Zealanders and
other ethnicities, approximately 2.5 percentage points lower
than the Canterbury population in general.
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Table 2: Summary statistics.

Variable Total Rural Urban Difference
Mean Std. dev. Mean Std. dev. Mean Std. dev.

Male Dummy 0.49 0.50 0.51 0.50 0.47 0.50
Age Years 50.31 14.71 51.20 13.74 49.86 15.16
Non-Māori NZ’er Dummy 0.83 0.38 0.86 0.35 0.82 0.39
Māori NZ Dummy 0.05 0.21 0.033 0.18 0.051 0.22
Other ethnicity Dummy 0.11 0.32 0.11 0.31 0.12 0.32
Canterbury residency Years 31.15 19.20 31 19.65 31.28 18.98
Farm household Dummy 0.081 0.27 0.17 0.38 0.034 0.19 ∗∗∗

Outdoors activities Dummy 0.81 0.39 0.89 0.31 0.77 0.42 ∗∗∗

𝑁 740 245 495
Notes: rural-urban differences: ∗∗∗significant at 1% level; ∗∗significant at 5% level; ∗significant at 10% level.

Gender, age, residency, and ethnicity are statistically
indistinguishable for the rural and urban portions of the
sample. In contrast, rural respondents are more than twice
as likely as urban respondents to be employed in the
farming sector or to have immediate family members who
are employed in that sector, a difference that is statistically
significant at the 1% level. Rural respondents are also sig-
nificantly more likely to participate in outdoors activities
such as hiking/tramping, camping, hunting, bird watching,
and boating at least once per year. For these reasons and
because rural and urban people may hold differing views on
Canterbury’s rural landscape, we split the sample into urban
and rural subsamples in the analysis.

4. Results

This section comprises four distinct parts. First, we use
survey data to identify industrial sectors that are considered
most important for the Canterbury economy.We then report
on perceptions of changes to Canterbury’s rural landscape,
focusing particularly on those associated with dairying, and
then assess how the perceived economic importance of
dairying affects these views. Next, we identify landscape
images that were most and least favoured by respondents
and evaluate them to quantify the contribution of each
component in the image using a cross-clustered random
effects model. Finally, because shelterbelts are strongly asso-
ciatedwith higher subjective evaluations of landscape images,
we explore whether preferences for biodiversity influences
preferences for specific types of shelterbelts.

4.1. Industrial Sectors and the Canterbury Economy. Survey
results indicate that rural residents are 96% more likely
than urban residents to identify dairy as being one of the
two most important sectors for Canterbury’s economy (a
difference that is statistically significant at the 1% level)
(Figure 3). Similarly, rural residents are 40% more likely
than urban residents to identify raising sheep and/or beef as
being one of the twomost important sectors for Canterbury’s
economy (significant at the 1% level). In contrast, urban
residents are 33% more likely than rural residents to identify
tourism and 32% more likely than rural residents to identify
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Figure 3: Industrial sectors that are considered most important for
the Canterbury economy.

education, health, and professional services as being among
the two most important sectors for Canterbury’s economy,
respectively (significant at the 5% level). Urban residents
are also 48% more likely than rural residents to identify
construction as being one of the two most important sectors
for New Zealand’s economy (significant at the 1% level),
consistent with the urban recovery efforts following the 2010
and 2011 earthquakes centred in and around Christchurch.
However, urban and rural residents are equally likely to
identify fruit/wine production and manufacturing as being
among the two most important sectors for Canterbury’s
economy. Other sectors, including wholesale/retail trade;
other livestock production; forestry, fishing, and hunting;
government and safety; and legal, scientific, and technical
services were identified as being central to Canterbury’s
economy by fewer than 5% of survey respondents.

4.2. Changes to the Visual Landscape and How They Are Per-
ceived. 83% of survey respondents who lived in Canterbury
for more than 3 years noted changes in the rural Canterbury
landscape in recent years. Among them, 71% identified dairy
conversion as being either the largest or the second-largest
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Figure 4: Noted changes in the visual landscape.

change (Figure 4), with similar reporting among rural and
urban residents. The next most commonly noted change in
the Canterbury landscape is reduced water quality, which
approximately 38% of respondents reported (see also [51]);
as with dairy conversion, reduced water quality was noted
by similar shares of rural and urban residents. More lifestyle
blocks and less sheep farming were the third and fourth most
frequently reported changes, respectively.

As shown in Figure 5, rural survey respondents who
reported dairy conversion as one of the two largest visual
changes in Canterbury are 55% more likely than their urban
counterparts to view those changes favourably (significant at
the 5% level). Urban residents who reported dairy conversion
as one of the two largest visual changes in Canterbury are
22% more likely than their rural counterparts to view those
changes unfavourably (significant at the 10% level). That
is, rural people are significantly more likely to view dairy
conversion positively and significantly less likely to view it
negatively.

A probit model was used to identify characteristics of
respondents who hold a negative view of the visual impact
of dairy conversion (defined as both identifying dairy con-
version as being among the two most notable changes to
the Canterbury landscape and reporting that they view these
changes negatively), with particular attention paid to the
perceived importance of dairying for the Canterbury econ-
omy.Marginal effects and heteroskedasticity-robust standard
errors are reported in Table 3.

People who believe that dairy is one of the two most
important sectors for the Canterbury economy are about 27%
less likely to perceive the visual impacts of dairy conversion
negatively, ceteris paribus.This result is statistically significant
at the 1% level, and the magnitude of the impact is similar for
rural and urban residents. Gender, ethnicity, and occupation
do not affect the likelihood that survey respondents view
the visual impacts of dairy conversion negatively, but urban
residents who regularly participate in outdoors activities are
12% more likely than urban residents who do not participate

in outdoors activities to view the visual impacts of dairy
conversion negatively, ceteris paribus.

4.3. Quantitative Evaluation of the Visual Landscape. This
section examines participant responses to the 43 images
included in the quantitative survey. Urban and rural residents
show similar preferences for the visual rural landscape; four
of the five most favourable images (Figure 6) and all of the
five least favourable images (Figure 7) are identical for urban
and rural survey respondents.

As described in Section 3, a visual assessment study was
used to quantify the marginal effects of image components
listed in Table 1 on survey respondents’ subjective evaluations
of each image. A cross-classified random effects model [43]
was used to account for random effects in both images and
viewers [42]. Point estimates and standard errors are reported
in Table 4.

Consistent with the literature on visual assessment, the
point estimates onmany image components are large inmag-
nitude and statistically significant, both individually and in
combination. For example, images with roadside shelterbelts
score 0.62–0.73 points higher on the 7-point Likert scale
relative to identical images with no shelterbelt, ceteris paribus.
This effect is large—larger, in fact, than the effect of any other
image component—and rural and urban people agree in this
regard. Distant shelterbelts (i.e., shelterbelts that do not front
roadsides), individual trees, and horticulture also increase the
subjective evaluation of the visual landscape for both groups.
In contrast, irrigators, silage bales, and overgrown verges
significantly detract from perceptions of the visual landscape,
with irrigators reducing the ratings assigned to images by
0.86–0.91 points.

Interestingly, the subjective evaluation of images that
include sheep is higher for both urban and rural people
while the subjective evaluation of images that depict dairy
cows is lower for both groups. However, urban and rural
residents split on beef cattle; the presence of beef cattle does
not affect the score assigned to images for the rural sample,
but it negatively affects the score for the urban sample.
One possible explanation is that most survey respondents
dislike seeing dairy cows but that urban residents have a
harder time distinguishing between dairy cows and beef
cattle (prominent weeds do not significantly impact the visual
assessment of images for either rural or urban residents, and
this variable has been omitted for the sake of parsimony. The
simple correlation between prominent green paddocks and
image score is negative, suggesting that green paddocks are
disliked by survey respondents. However, green paddocks are
highly collinear with irrigators and dairy cows, complicating
interpretation of results when this variable is included in the
multivariate regression. Hence, this variable too has been
omitted from the quantitative results).

Stamps [52] and Regen and Horn [53] show that most
heterogeneity in subjective evaluation scores stem from
differences in image characteristics rather than differences
in viewer characteristics. Hence, it is not surprising that
images are evaluated similarly by men and women, people
of different ethnicities, newcomers and long-term residents,
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Figure 5: Views on the visual changes associated with dairy, among those who identify dairy as one of two largest changes.

Table 3: Determinants of negative view of visual impact of dairy conversion.

Variable Unit Rural residents Urban residents
d𝑦/d𝑥 𝑧 d𝑦/d𝑥 𝑧

Believes that dairy is important for economy Dummy −0.26∗∗∗ (0.00) −0.28∗∗∗ (0.00)
Male Dummy −0.059 (0.39) −0.026 (0.59)
Age Years −0.0040 (0.14) 0.0062∗∗∗ (0.00)
Non-Māori NZ’er Dummy 0.009 (0.94) 0.033 (0.65)
Māori Dummy −0.11 (0.54) 0.08 (0.52)
Canterbury residency Years 0.0021 (0.32) 0.0004 (0.80)
Farm family Dummy −0.078 (0.36) −0.022 (0.88)
Outdoors activities Dummy −0.18 (0.13) 0.12∗∗ (2.50)
𝑁 237 475
Notes: estimated with a probit model. Additional controls for area of residency and travel patterns are included but not reported. Marginal effects reported. 𝑍
statistics based on heteroskedasticity-robust standard errors reported in parentheses. ∗∗∗Significant at the 1% level; ∗∗significant at the 5% level; ∗significant
at the 10% level. “Negative view” is defined as identifying dairy as being one of two largest changes and stating that the changes are negative.

Figure 6: Four most favourable images in the survey.
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Figure 7: Five least favourable images in the survey.

farm and nonfarm families, outdoors enthusiasts, and others.
That being said, older rural residents rated images slightly
higher than younger urban residents, and urban Māori
rated images 0.31 points lower than other urban residents,
ceteris paribus, underscoring the importance of controlling
for viewer effects. In addition, prominent telephone and
electricity poles lower the subjective score assigned to images
while prominent hills raise the scores. As noted above,
individual landowners have little control over such factors,
but the statistical significance of these variables underscores
the importance of controlling for potential correlates of image
score in a multivariate regression framework.

Given the strong, positive effect of shelterbelts on viewers’
subjective evaluations of the rural landscape and the ability
of shelterbelts to mitigate the visual impact of irrigators,
silage bales, and other less favourable components, a cross-
classified random effects model was estimated with different
categorisations of shelterbelts. Results are shown in Tables 5
and 6; although the same set of control variables was included
in these estimates, results were nearly identical and the point
estimates are suppressed for the sake of parsimony.

Table 5 shows that while exotic and native shelterbelts
are both preferred to no shelterbelts, native shelterbelts
are strongly preferred by both rural and urban people.
Specifically, images with native shelterbelts score 0.29 points

higher on the 7-point Likert scale than images with exotic
shelterbelts (which in turn score 0.24 points higher than
those without shelterbelts) among urban respondents, ceteris
paribus (significant at the 1% level); images with native
shelterbelts score 0.35 points higher than images with exotic
shelterbelts for rural people, ceteris paribus (significant at the
1% level).

Respondents also have strong preferences for different
species of plants and shrubs in shelterbelts. Specifically,
images with shelterbelts comprised of gum trees score 1.26
and 1.14 points higher than images without shelterbelts for
rural and urban respondents, respectively, ceteris paribus
(significant at the 1% level). Images with shelterbelts com-
prising mixed native trees score 1.21 and 1.07 points higher
than images without shelterbelts. The least favoured types of
shelterbelts are gorse hedgerows and pine trees; images with
gorse hedgerows score 0.35–0.53 points lower than images
without shelterbelts while those with pine shelterbelts score
0.27–0.35 points higher than those without shelterbelts.

4.4. Biodiversity and Shelterbelt Options. At the conclusion
of the survey, participants were asked to reevaluate the four
images depicted in Figure 8 after being given additional
information pertaining to their biodiversity values. The first
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Table 4: Visual assessment study.

Variable Unit Rural Urban
Estimate Std. err. Estimate Std. err.

Shelterbelt in image Dummy 0.73∗∗∗ (0.051) 0.62∗∗∗ (0.035)
Distant shelterbelt Dummy 0.34∗∗∗ (0.038) 0.36∗∗∗ (0.026)
Individual trees Dummy 0.19∗∗∗ (0.037) 0.14∗∗∗ (0.025)
Sheep Dummy 0.62∗∗∗ (0.056) 0.46∗∗∗ (0.038)
Beef cattle Dummy −0.0032 (0.056) −0.089∗∗ (0.038)
Dairy cows Dummy −0.34∗∗∗ (0.044) −0.28∗∗∗ (0.030)
Horticulture Dummy 0.38∗∗∗ (0.038) 0.25∗∗∗ (0.026)
Irrigator Dummy −0.91∗∗∗ (0.050) −0.86∗∗∗ (0.034)
Silage bales Dummy −0.33∗∗∗ (0.050) −0.33∗∗∗ (0.034)
Overgrown verge Dummy −0.15∗∗∗ (0.030) −0.14∗∗∗ (0.020)
Electric/telephone poles Dummy −0.035 (0.031) −0.037∗ (0.021)
Hills Dummy 0.11∗∗∗ (0.032) 0.074∗∗∗ (0.022)
Male Dummy −0.0087 (0.080) 0.036 (0.063)
Age Years 0.0081∗∗ (0.0033) 0.00021 (0.0025)
Non-Māori NZ’er Dummy −0.056 (0.13) −0.15 (0.095)
Māori Dummy −0.10 (0.26) −0.31∗ (0.16)
Canterbury residency Years −0.00019 (0.0024) 0.0016 (0.0020)
Farm family Dummy 0.095 (0.11) 0.039 (0.16)
Outdoors activities Dummy 0.025 (0.13) −0.046 (0.074)
Constant −0.082 (0.25) 0.41∗∗∗ (0.15)
Number of groups 244 494
Obs. per group 38 38
Notes: Maximum likelihood model estimated using cross-classified random effects. Standard errors reported in parentheses. ∗∗∗Significant at the 1% level;
∗∗significant at the 5% level; ∗significant at the 10% level.

Table 5: Visual assessment study with shelterbelt origin.

Variable Unit Rural Urban
Estimate Std. err. Estimate Std. err.

Exotic shelterbelt Dummy 0.34∗∗∗ (0.045) 0.24∗∗∗ (0.031)
Native shelterbelt Dummy 0.69∗∗∗ (0.052) 0.53∗∗∗ (0.035)
Number of groups 244 494
Observations per group 38 38
Notes: Maximum likelihood model estimated using cross-classified random effects. Standard errors reported in parentheses. ∗∗∗Significant at the 1% level;
∗∗significant at the 5% level; ∗significant at the 10% level.

Table 6: Visual assessment study with shelterbelt types.

Variable Unit Rural Urban
Estimate Std. err. Estimate Std. err.

Poplar shelterbelt Dummy 1.11∗∗∗ (0.089) 1.08∗∗∗ (0.061)
Gum shelterbelt Dummy 1.26∗∗∗ (0.089) 1.14∗∗∗ (0.061)
Gorse shelterbelt Dummy −0.53∗∗∗ (0.10) −0.35∗∗∗ (0.065)
Pine shelterbelt Dummy 0.35∗∗∗ (0.066) 0.27∗∗∗ (0.045)
macrocarpa shelterbelt Dummy 0.88∗∗∗ (0.089) 0.69∗∗∗ (0.061)
Pittosporum shelterbelt Dummy 0.71∗∗∗ (0.089) 0.42∗∗∗ (0.061)
Flax shelterbelt Dummy 0.62∗∗∗ (0.089) 0.64∗∗∗ (0.061)
Mixed native shelterbelt Dummy 1.21∗∗∗ (0.075) 1.07∗∗∗ (0.051)
Number of groups 244 494
Obs. per group 38 38
Notes: maximum likelihood model estimated using cross-classified random effects. Standard errors reported in parentheses. ∗∗∗Significant at the 1% level;
∗∗significant at the 5% level; ∗significant at the 10% level.
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Figure 8: Images used in biodiversity assessment. From top left, going clockwise:macrocarpa with a medium biodiversity value; poplar with
a low biodiversity value; flax with a high biodiversity value; and mixed native with a very high biodiversity value.

image featured amacrocarpa shelterbelt, which has amedium
biodiversity value; like the first five images included in the
visual preference survey, it was used primarily for learning
and calibration.The second and third images featured poplar
and flax shelterbelts, which have low and moderately high
biodiversity values, respectively. The final image depicted
a shelterbelt comprising mixed native trees, including Pit-
tosporum, cabbage trees, Caprosma, and ribbonwood; the
biodiversity value of this shelterbelt is very high.

Given additional knowledge regarding biodiversity,
poplar shelterbelts become less attractive for approximately
38% of survey respondents (Figure 9), although urban
respondents are 27% more likely than rural respondents to
assign lower scores to images featuring poplar shelterbelts
(significant at the 5% level). Approximately 40% of respon-
dents report finding flax more attractive and approximately
58% of respondents report finding mixed native shelterbelts
more attractive after learning about their respective
biodiversity values. Interestingly, differences in the point
estimates for flax and mixed natives are not statistically
significant at the 10% level; that is, urban and rural
residents are equally likely to find flax and mixed natives
more attractive, given additional knowledge regarding
biodiversity.

5. Conclusion

The number of dairy cattle in Canterbury, New Zealand,
has increased by more than 1600% in the last 30 years.
Dairy conversion and intensification have been an economic
boon to the region, but irrigators, silage, feed pads, and
lush paddocks have significantly altered the rural landscape.
Survey results show that themajority of Canterbury residents
have noticed such changes to the rural landscape and that

Low biodiversity: poplars less attractive
Moderately high biodiversity: flax more attractive
Very high biodiversity: mixed natives more attractive
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Figure 9: Biodiversity values and the relative attractiveness of
shelterbelt options.

the majority view those changes unfavourably. This finding
provides evidence to support the adoption of land practices
and public policies to mitigate negative visual changes and to
restore the hedonic value of Canterbury’s rural landscape.

Using cross-classified random effects methods in a visual
assessment study, we show that urban and rural Cantabrians
are consistent in the features of the rural landscape that
they dislike and the features that they prefer. Specifically, a
roadside shelterbelt in the survey image offsets any other
feature, including irrigators, dairy cows, and silage bales, all
of which are viewed decidedly negatively. Indeed, the single
highest rated image included in the survey depicts a mixed
native shelterbelt screening a working dairy farm. Residents
also respond positively to shelterbelts in the distance and to
individual trees.
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Finally, the survey results show that Canterbury residents
prefer mixed native shelterbelts and that this preference
increases when respondents are made aware of their high
biodiversity value. Developing policy to encourage farmers
to plant mixed native shelterbelts can, therefore, meet two
objectives: improving the visual landscape of Canterbury and
increasing biodiversity on farms.
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