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Abstract
The purpose of this study is to investigate people’s preferences for the geographical distance between residential locales and 
two types of urban agricultural land, namely, traditional agricultural land and a more complex and intensive agricultural 
landscape called “satoyama” and to evaluate the heterogeneity in people’s preferences. The enhancement of urban sustain-
ability is a crucial issue in sustainable development that can be potentially improved by urban agriculture. However, urban 
residents' perceptions and preferences regarding the distance between urban agricultural land and their locales remain unclear, 
and concrete measures to maintain and expand urban agriculture are still vague. Therefore, an online survey and choice 
experiment was conducted, with respondents from Ishikawa Prefecture in Japan, who are assumed to be familiar with the 
agricultural context. Mixed logit and latent class logit models were employed to evaluate urban residents' heterogeneous 
perceptions and preferences. The results reveal that: (1) urban residents generally prefer urban agricultural land in areas 
away from their residence; (2) preferences are diverse, and those who are relatively young, with higher income, and more 
environmentally conscious favor dwelling near urban agricultural land; (3) there is a quadratic relationship between the 
distance connecting people’s locales and urban agricultural land, and thus, the most desirable distance exists; and (4) there 
is a difference in the proximity that people prefer between traditional agricultural land and satoyama. Based on the results, 
policy implications for urban planners and policymakers include implementing urban agriculture in peri-urban areas and 
handling a tradeoff between residential opposition and the intensity of urban agriculture.

Keywords  Urban agriculture · Geographical distance · Choice experiment · Mixed logit model · Latent class model · 
Satoyama landscape

Introduction

Background

There is a growing global awareness among governments 
and the public that reducing the negative environmental 
impact of cities is critical for improving urban sustainability 
and ensuring that people and their descendants continue to 
reside in cities in the future (Mori and Christodoulou 2012; 

Kabisch et al. 2016; Galli et al. 2020). The sustainable devel-
opment goals (SDGs) consider sustainable cities and com-
munities as one of its goals (Goal 11), of which target 11.6 
requires the environmental impact of cities to be reduced. 
The negative environmental impacts of cities, such as envi-
ronmental degradation, pollution emission, living stress of 
residents, and threats to biodiversity (Liu et al. 2011; Mori 
and Christodoulou 2012; Botzat et al. 2016), are not just 
limited locally, but also spread both spatially and tempo-
rally (Seto et al. 2012), directly affecting the environment of 
neighboring and geographically related areas. For example, 
the fine particulate matter and nitrogen dioxide emissions 
of a city not only cause local air pollution (Le et al. 2020; 
Berman and Ebisu 2020), but also indirectly affect the envi-
ronment of economically related locales, even beyond the 
city's boundaries. A large amount of energy consumption 
in urban areas generates an environmental burden outside 
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the city, which deteriorates because of urban living, even if 
the environment surrounding urban areas is not degraded. 
Furthermore, global environmental issues such as climate 
change get aggravated (Glaeser and Kahn 2010).

Urban agriculture plays a critical role in mitigating the 
adverse environmental impacts on cities and in enhancing 
urban sustainability (Clinton et al. 2018; Ayambire et al. 
2019; Azunre et al. 2019; Viana et al. 2022). Urban agricul-
ture is defined as food cultivation in urban and peri-urban 
areas that include various agricultural activities (Pearson 
et al. 2010; Tornaghi 2014; Azunre et al. 2019). Urban agri-
culture practices are broad and can be classified according 
to various perspectives (Ferreira et al. 2018; Bretzel et al. 
2018). For example, household gardens, allotment gardens, 
community gardens, and school gardens are defined by how 
they are managed. Rooftop and balcony gardens are typolo-
gies by their location of the practice.

Agricultural activities in urban areas are expected to 
improve urban sustainability, such as climate change miti-
gation and adaptation (Demuzere et al. 2014; Artmann and 
Sartison 2018); environmental burden accumulation (Clin-
ton et al. 2018); urban resilience enhancement (Langemeyer 
et al. 2021); waste reduction (Orsini et al. 2013); air quality 
improvement (Orsini et al. 2013); and reduction of energy 
consumption (Ackerman et al. 2014). In addition, urban agri-
culture provides a variety of ecosystem services such as agri-
cultural products (Ackerman et al. 2014; La Rosa et al. 2014; 
d’Amour et al. 2017; Hara et al. 2018); recreational oppor-
tunities (Zasada 2011; Brinkley 2012); landscapes (Zasada 
2011; Brinkley 2012); contribution to the local economy 
(Orsini et al. 2013; Ackerman et al. 2014); and improvement 
to residents’ life (Madureira et al. 2015). Although urban 
agriculture has made significant contributions to human 
well-being, agricultural land in cities is highly vulnerable 
to demand and economic activity, both within and outside 
cities (La Rosa et al. 2014; d’Amour et al. 2017; Azunre 
et al. 2019; Langemeyer et al. 2021). Depending on various 
economic imperatives, urban agricultural land can be easily 
converted to non-agricultural land that produce goods and 
services with higher market values (e.g., commercial and 
industrial). This change results in increased environmental 
impact and a degraded or reduced supply of agricultural 
goods and services. Therefore, urban planners and policy-
makers should efficiently manage and arrange agricultural 
land use in urban areas to achieve sustainability.

It is essential to investigate people's perceptions and pref-
erences regarding agricultural land use in urban areas so 
that urban planners and policymakers maintain, manage, 
and further expand urban agriculture efficiently under pres-
sure to change those land use (Dramstad and Fjellstad 2011; 
Ackerman et al. 2014; Langemeyer et al. 2021; Kyoi 2021). 
Since urban planners implement urban arrangements accord-
ing to the preferences of urban residents, it is politically 

challenging to execute land use strategies that are not sup-
ported by residents, as it will not only cause citizens to dis-
trust the government but may also cause population exodus 
in the future. Furthermore, assessing citizens' preferences for 
agricultural land in urban areas will provide practical policy 
implications and evidence for urban planners for decision-
making (Dramstad and Fjellstad 2011; Brown and Glanz 
2018; Ayambire et al. 2019). If citizens value urban agri-
culture positively, urban planners can maintain and manage 
agricultural land use in urban areas with public support. In 
contrast, if citizens evaluate it negatively, additional environ-
mental policies will be required, for example, an acceptable 
spatial arrangement of urban agriculture and settlements, an 
evaluation of the compensation requirements for citizens, 
and the provision of information on the importance of the 
role of urban agriculture (Brown and Glanz 2018; Ayambire 
et al. 2019).

Research gap

Previous studies have attempted to evaluate people’s percep-
tions and preferences for urban agriculture using multiple 
methods and have detected a variety of them. The stated 
preference approach evaluates the monetary value of urban 
agricultural amenities or activities by assessing the value 
of ecosystem services provided by urban agriculture (Yang 
et al. 2016; Jin et al. 2018; Albaladejo-García et al. 2021; 
Arata et al. 2021; Mariel and Arata 2022). For example, 
Martínez-Paz et al. (2021) evaluated the creation of a new 
type of agricultural activity in urban areas in Murcia (Spain). 
They revealed that the provisioning service of urban agricul-
ture is highly valued by the inhabitants. They also suggested 
the local pattern of people’s evaluations, which highlights 
the importance of spatial factors in terms of decision-
making for urban agriculture. Yang et al. (2016) revealed 
that residents in Wuhan (China) are willing to pay for eco-
system services provided by the urban agricultural imple-
mentation. Brinkley (2012) reviewed studies that evaluated 
the value of agricultural land amenities and suggested that 
studies employing stated preference methods have generally 
evaluated the positive willingness-to-pay (WTP) value of 
urban people for agricultural land conservation programs. 
Additionally, the revealed preference method, such as the 
hedonic method, has revealed that hedonic values range from 
negative to positive, implying that living near agricultural 
land does not always affect rent and land prices positively 
(Brinkley 2012). Furthermore, some studies have employed 
interview-based approaches to detect people’s perceptions 
and opinions on urban agriculture. For instance, Sanyé-
Mengual et al. (2018) showed that people in Bologna (Italy) 
widely accepted urban agriculture, especially in agricultural 
production; however, they did not prefer an intensified agri-
cultural system. In addition, Specht et al. (2016) revealed 
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that intensive urban agriculture was not highly acceptable 
for urban inhabitants in Berlin (Germany). Therefore, this 
implies that multifunctional urban agriculture with commer-
cial, ecological, and social goals is most acceptable.

However, people’s perceptions of and preferences for the 
spatial distance between urban agriculture and their residen-
tial locations remain unclear (Bergstrom and Ready 2009). 
Bertram and Rehdanz (2015) revealed that the spatial dis-
tance between residents in Berlin and green spaces in urban 
areas correlates with human well-being. In particular, they 
found significant and inverse quadratic impacts of distance to 
urban green spaces on stated life satisfaction. Nevertheless, 
the effects of urban agricultural activities, such as allergic 
reactions and unpleasant smells, negatively affect neighbor-
ing residents’ lives (Lyytimäki and Sipilä 2009; Escobedo 
et al. 2011; Von Döhren and Haase 2015). Thus, people vari-
ously prefer these activities depending on the proximity of 
their locale to urban agricultural practices (Brinkley 2012; 
Sanyé-Mengual et al. 2018; Kyoi 2021). Additionally, the 
impact of urban agriculture intensity should be investigated. 
Urban agriculture encompasses various agricultural activi-
ties, and agricultural intensity varies depending on agricul-
tural practices. Hence, people’s preferences are associated 
with specific agricultural intensification (Specht et al. 2016; 
Sanyé-Mengual et al. 2018). Moreover, evaluating people’s 
heterogeneous preference for neighboring agricultural land 
provides engaging and valuable information for urban plan-
ners and policymakers. Heterogeneous preferences among 
people potentially trigger conflicts among different land uses 
(Pearson et al. 2010; Specht et al. 2016). Understanding the 
extent of heterogeneity suggests the structure of conflict 

and practical policy implications for urban planners and 
policymakers.

Outline

The primary purposes of this study are: (1) to assess peo-
ple’s perceptions and preferences for the distance between 
their residential location and urban agricultural land, includ-
ing traditional land and satoyama, and (2) to investigate the 
heterogeneity in people’s preferences. Therefore, an online 
survey and choice experiment was conducted. Additionally, 
a mixed logit model was employed to evaluate the extent of 
heterogeneity, and a latent class model to classify people 
into groups, based on their preferences and determine the 
source of this heterogeneity. The remainder of this paper is 
organized as follows: the following section introduces the 
materials and methods employed in this study, including the 
study site, survey design, choice experiment, and estimation 
strategies. "Results" provides both survey and choice model 
results, and the subsequent section discusses an overview of 
these results. The final section concludes this paper.

Materials and methods

Study sites

The study site was the Ishikawa Prefecture of Japan, located 
in the mid-north of Japan's main island (Fig. 1a). Ishikawa 
Prefecture is divided into two regions having different char-
acteristics, Kaga and Noto (Fig. 1b). The Kaga region is 

Fig. 1   a Location of Ishikawa Prefecture, Japan. b Two regions in Ishikawa Prefecture, Kaga and Noto regions
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urbanized, including the prefectural capital city (Kanazawa 
city), and most people in Ishikawa Prefecture reside in this 
region. In 2015, Ishikawa Prefecture had approximately 1.1 
million inhabitants, with more than 900,000 people inhabit-
ing the Kaga region (Ishikawa Prefecture 2018). By contrast, 
the Noto region has richer agricultural landscapes, consist-
ing of many hills, low mountains, and a few flat lands that 
are unsuitable for agricultural practices. However, these dis-
advantages have created distinctive agricultural landscapes 
called "satoyama" (Hashimoto et al. 2015, 2019).

Satoyama landscapes refer to a Japanese traditional, 
complex, and intensified agricultural landscape, including 
various agricultural and non-agricultural lands, such as 
cropland, woodland, grassland, farms, ponds, and brooks 
(Kobori and Primack 2003; Kadoya and Washitani 2011). 
Satoyama landscapes have contributed to biodiversity con-
servation, climate change mitigation, and human well-being 
(Kobori and Primack 2003; Kadoya and Washitani 2011). 
For instance, the satoyama landscape in the Noto region is 
a popular destination for migratory birds and a habitat for 
endangered species. Many of the endangered species in the 
satoyama landscape depend on agricultural land managed 
by humans, which suggests that satoyama is a form of land 
in which humans and nature coexist.

In addition to a biological contribution, satoyama land-
scapes also have sociological implications. Satoyama land-
scapes have a history of being maintained through interven-
tion by local residents, which has facilitated the cohesion of 
local communities (e.g., collaborative work and rituals). Jap-
anese citizens recognize satoyama landscapes as landscapes 
covered with forests and where paddy field agriculture is 
practiced (Iwata et al. 2011). In Japan, since the 1990s, poli-
cies have been implemented to increase interest in satoyama 
landscapes and promote conservation (Fukamachi 2017). 
These policies for conservation of satoyama landscapes have 
raised public interest in satoyama landscapes and promoted 
activities at the citizen level.

The main reason for selecting Ishikawa Prefecture is that 
there are rich agricultural resources, and therefore, people 
are assumed to be familiar with the agricultural context. In 
particular, the Noto region has valuable agricultural land. 
This region has been recognized as a “Globally Important 
Agricultural Heritage System” by the Food and Agriculture 
Organization in 2011 because of its traditional agricultural 
landscapes and culture comprising of rituals and practices 
(FAO 2011). As a result, it is assumed that residents in Ishi-
kawa Prefecture can recall an agricultural land and satoyama 
landscape and distinguish them. In addition, Ishikawa Pre-
fecture could be a representative site for other locations that 
need to assess the preferences of local residents for manag-
ing urban. This is because Ishikawa Prefecture is surrounded 
by (peri-) urban agriculture and has a land use pattern simi-
lar to other cities where traditional agriculture is practiced 

(e.g., Murcia). This is another reason why Ishikawa Prefec-
ture was chosen as the study site.

Survey design and choice experiment

The online survey was carried out on a representative sample 
of 1,648 people in Ishikawa Prefecture, Japan, from January 
27 to 28 and February 17 to 18, 2020, using a web survey 
monitor of a private survey company, MACROMILL Inc. 
(https://​group.​macro​mill.​com/). The first-period survey was 
initially performed as a pilot survey, and as a result, it was 
found that the survey was found to be conducted without 
problems. Therefore, an identical survey was conducted 
in the second period. Note that online research implicitly 
excludes some residents who do not use the internet, which 
potentially brings about the biased result. This is discussed 
in the limitation part ("Limitations and future works").

The primary purpose of the survey was to quantitatively 
examine people’s perceptions and preferences regarding 
the proximity of their dwellings to neighboring agricul-
tural land. Therefore, a choice experiment was conducted 
in this study. The survey consisted of 28 questions, includ-
ing respondents’ interest in agriculture and the environment 
(e.g., “Have you ever heard about biodiversity?”); informa-
tion about the residential locale of participants (e.g., prox-
imity to the nearest traditional agricultural land and satoy-
ama landscapes and monthly rent), choice experiment, and 
socioeconomic characteristics (see Table 8 in the Appendix 
for the list of questions). Additionally, each respondent was 
required to identify their residential location on a map that 
measured 1 km squared.

Respondents are asked to state the two geographical dis-
tances between their locales to agricultural land and satoy-
ama in the Likert scale: subjective distance and preferred 
distance (see question 19–22 in Table 8 in the Appendix). 
In this study, subjective proximity refers to the geographic 
distance, as perceived by respondents, between their place 
of residence and the nearest specific landscape (i.e., agricul-
tural land and satoyama). In other words, it refers to respond-
ents' subjective perception of the geographic distance to the 
most neighboring agricultural land and satoyama. In con-
trast, preferred distance refers to the geographic distance 
between the locale of respondents' residences and the land-
scape around one's place of residence that each respondent 
considers to be favorable. In other words, it is the distance to 
the most neighboring landscape that each respondent finds 
preferable. Note that we removed the respondents who do 
not stated their preferred distance (8 respondents, 0.4% of 
all sample).

A choice experiment is a form of conjoint analysis that 
elicits respondents' preferences for multiple attributes of 
hypothetical goods and services (Louviere et al. 2000). This 
approach evaluates respondents' preferences in monetary 

https://group.macromill.com/
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terms for various attributes by employing monetary attrib-
utes, such as price and tax, to represent the object assessed. 
In the choice experiment, respondents are asked to select 
their most preferred alternative from the options provided, 
indicating goods and services that are described as a com-
bination of some attributes. These choices are repeated in a 
series of choice tasks.

In this study, the choice experiment investigated the par-
ticipants’ preferences for the (1) proximity of their residence 
locale to traditional urban agricultural land, (2) proximity of 
their residence location to satoyama, and (3) richness of bio-
diversity, represented by the number of species of dragon-
flies, resulting from urban agricultural activities surrounding 
their residence. Therefore, the choice experiment employed 
four attributes to describe hypothetical residences: proxim-
ity to a piece of traditional agricultural land and a satoyama 
area, number of observable dragonfly species around the 
residence, and monthly rent (in JPY). The attributes and 
levels are listed in Table 1.

Four levels were employed for the attribute of proximity 
to traditional agricultural land: 0, 200, 500, and 1000 m. 
The reason why these four levels were used is that people 
may not care about the environment that is far from their 
residences. Additionally, observable agricultural land use 
can influence people’s preferences (Walls et al. 2015; Kyoi 
2021).

Moreover, four levels were employed for the attribute of 
proximity to satoyama: 0, 200, 500, and 1000 m. The main 
reason for utilizing satoyama for land use is that, as men-
tioned above, satoyama is a more intensive, complex, and 
valuable agricultural landscape than agricultural land. Thus, 
in comparison, people’s preference for satoyama is expected 
to be more complicated. Both proximity attributes are used 
as continuous variables in the estimation.

Respondents’ choice of “Do not choose among them” 
indicated that they preferred their current residence to the 
three hypothetical options given to them. Thus, respondents’ 
actual residence levels for each attribute have to be assumed 
to examine their decisions. When respondents chose no 
choice options, the level of proximities to the traditional 
agricultural land and satoyama were replaced by respond-
ents’ perceived proximity to both land uses that were asked 
in the survey (see Table 8). In the estimation, we coded the 

respondent’s statement of “subjected distance is greater than 
1000 m” as 2000 m and treated it as a continuous variable 
and proximity attribute of the experiment.

Four levels were employed for the attribute of the number 
of observable dragonfly species around respondents’ resi-
dences: 0, 2, 4, and 8 species. This attribute indicates the 
degree of biodiversity around the residences. According to 
previous studies, the number of dragonfly species determines 
the degree of biodiversity (Sahlén and Ekestubbe 2001; 
Kadoya and Washitani 2011; Goertzen and Suhling 2013). 
People tend to perceive biodiversity positively (Nijkamp 
et al. 2008; Bakhtiari et al. 2014). However, previous stud-
ies considered biodiversity in areas where nature was present 
in abundance, and they did not evaluate biodiversity close 
to people’s daily activities, including people’s residences. It 
is expected that people will show a different preference for 
biodiversity around their residence compared to other areas.

When respondents choose no choice option, the level of 
number of dragonfly species observable around the resi-
dence was estimated using the respondent’s parcel and its 
Satoyama Index (Kadoya and Washitani 2011). Following 
Kadoya and Washitani (2011), the number corresponding to 
the richness of dragonfly species in a parcel was calculated 
using the following formula:

where yi is the number corresponding to the richness of the 
dragonfly species in parcel i , and xi is the Satoyama Index 
in parcel i.

The monthly rent attribute in the choice experiment dif-
fered among respondents to emulate a realistic residence 
choice. Before conducting the choice experiment, the 
respondents were asked about the monthly rent respondents 
actually pay (called current monthly rent, hereinafter). Note 
that there were three types of questions regarding current 
monthly rent depending on the respondent’s demographics: 
(1) respondents living in rented apartments were asked about 
their monthly rent; (2) those dwelling in owned residences 
were asked about their monthly house mortgage payments; 
and (3) the ones residing in owned houses and who had 
already finished paying the house mortgage were asked 
about their monthly real property tax, which was treated as 

(1)yi = exp(0.429xi + 0.735),

Table 1   The attributes and 
levels in the choice experiment, 
and the coding for our 
estimation

Attributes Levels Codes

Proximity to agricultural land 0, 200, 500, and 1000 m ProxAgri (100 m)
Proximity to satoyama 0, 200, 500, and 1000 m ProxSato (100 m)
Number of dragonfly species observable 

around the residence
0, 2, 4, and 8 species Biodiv

Monthly rent 80, 90, 100, 110, and 120% of current 
monthly rent

Mrent (1000 JPY)
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their monthly rent. Using the respondent’s current monthly 
rent, five different levels were employed in the choice experi-
ment: 80, 90, 100, 110, and 120% of current monthly rent 
(see Table 9). For example, "80% of current monthly rent" 
is a hypothetical monthly rent, calculated by multiplying 
the respondent's current monthly rent by 0.8. For no choice 
option, the monthly rent level was replaced with the cur-
rent monthly rent. Note that we removed the respondents 
who answered that their current monthly rent was zero (24 
respondents, 1.4% of all sample).

Ngene software generated 36 choice sets without duplica-
tion, considering D-efficiency (ChoiceMetrics 2018), which 
is one of the guidelines for obtaining an efficient choice 
design. The D-efficient profile design minimizes the vari-
ance of the estimated parameters and the inverse determinant 
of the Fisher information matrix (Huber and Zwerina 1996). 
We divided the 32 choice sets into four versions equally, 
and randomly assigned the participants to one of the four 
versions. The choice task was repeated eight times for each 
participant, using different choice sets. In each choice task, 
we asked respondents to select a favorable option from the 
four alternatives provided: three hypothetical residences and 
refusal to choose (i.e., do not choose among them). Before 
each respondent answered, we repeatedly emphasized the 
following notification, "Please answer our questions, keep-
ing in mind that the amount of money you have at your dis-
posal will be reduced by the amount of the product you have 
chosen." as a cheap talk script (Carlsson et al. 2005; Silva 
et al. 2011). Table 2 presents an example of the choice tasks.

Finally, some respondents were removed from the valid 
sample, who chose “Do not choose among them” as an 
option for all eight tasks (139 respondents, 8.4% of all sam-
ple), because we assumed that they would refuse to answer 
the choice experiment.

Data geocoding

We obtained GIS data on land use of Ishikawa Prefecture 
in 2016, using the National Land Numerical Information 
(Ministry of Land, Infrastructure, Transport and Tourism 
2021). The data includes land use details for all 1 km grid 
squares in Ishikawa Prefecture (see Fig. 2). The data identi-
fied 12 land use types: paddy fields, other farmlands, forests, 

wastelands, residential land use, and so on. Note that the 
land use data differentiates between paddy fields and other 
farmlands, although in this study, we merged both and 
termed it as agricultural fields.

This land use data is identically structured to the survey 
data, with both having a 1 km grid square structure. There-
fore, we obtained the geocoded survey data by combining 
the survey and land use data. However, several respondents 
declined to provide grids or offered inaccurate grids (i.e., 

Table 2   An example of a choice 
task

Attribute Option 1 Option 2 Option 3 Option 4

Proximity to agricultural land 200 m 500 m 0 m Do not 
choose 
among 
them

Proximity to satoyama 1000 m 0 m 1000 m
Number of dragonfly species observ-

able around the residence
0 species 8 species 0 species

Monthly rent 110% 90% 100%
Choose the most preferred option □ □ □ □

Fig. 2   The land use pattern of Ishikawa Prefecture in 2016 and our 
valid respondents’ locations. Note: the black dots illustrate the cen-
troid points of the residence grid based on respondents’ reports. Since 
some respondents revealed the same residence grid, the residential 
locations exhibited by the latitude and longitude were adjusted with a 
uniform random value [− 0.005, 0.005]
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non-existent or grids referring to the outside of Ishikawa 
Prefecture), making it impossible to spatially combine the 
two datasets. Hence, we removed such respondents (702 
respondents, 42.5% of all sample) from the valid sample.

Estimation methods

This study employs mixed logit and latent class logit mod-
els to evaluate participants’ preferences by explicitly con-
sidering preference heterogeneity. The mixed logit model 
provides a flexible and practical evaluation that assumes 
preference heterogeneity among respondents, which is more 
realistic (McFadden and Train 2000; Train 2009). In the 
estimation model, we employed a random utility model to 
express respondents’ choice behavior. We define the utility 
Unjt , that the respondent receives based on their choices in 
the choice experiment, as follows:

where Vnjt  is the observable utility; n ∈ (1,… ,N)

, j ∈ (1,… , J) , and t ∈ (1,… , T) are the indexes of the 
respondents, alternatives, and choice tasks in the choice 
experiment, respectively; � ′

n
 is the taste parameters of 

respondent n ; xnjt is the bundle of the attributes; and �njt is 
the random draw from a type I extreme value distribution. 
The choice probability Pni , of the series of choices yn , of 
respondent n is expressed as a conditional logit model as 
follows:

The conditional logit model assumes that the estimated 
parameters are constant across all respondents. In other 
words, every individual has an identical preference, which 
is unrealistic. By contrast, the mixed logit model assumes 
that preferences differ across respondents, that is, preference 
heterogeneity. The mixed logit probabilities are obtained by 
integrating the conditional logit probabilities with the dis-
tribution of � because the individual taste parameter �n , is 
unknown. Hence, the mixed logit probability is expressed 
as follows:

where g(�|�) is the probability density function of � with 
parameter � . In this study, we assumed that g(�|�) was a nor-
mal distribution with an estimated mean and standard devia-
tion for ProxAgri, ProxSato, Biodiv, and Mrent variables.

(2)Unjt = Vnjt + �njt = �
�

xnjt + �njt,

(3)Pni =

T�

t=1

exp
�
�

�

xnit
�

∑
jexp(�

�
xnjt)

.

(4)Pni = ∫
T�

t=1

�
exp

�
�

�

xnit
�

∑
jexp

�
�

�
xnjt

�

�
g(���)d�,

The latent class logit model provides distinct classes of 
individuals according to their preferences and classifies peo-
ple into an arbitrary number of classes according to their 
choices, so that preference heterogeneity can be investi-
gated. Moreover, the model employs multiple variables (e.g., 
socioeconomic variables) to assess the sources of prefer-
ence heterogeneity. In the estimation, the model assumes 
that there are C discrete values of � , labelled b1, b2,… , bC , 
with the probability �c , that � = bc . The choice probability 
is expressed as follows:

Results

Survey results

After validation, 775 valid samples (47% of all sample) were 
obtained (Fig. 2). The primary reason 53% of respondents 
were dropped from the analysis is that many of them did not 
correctly indicate their place of residence. Such respondents 
may have been reluctant to provide information about their 
place of residence. Our sample was mainly collected from 
Kaga region, the most urbanized area of Ishikawa Prefecture. 
Table 3 summarizes the key socioeconomic characteristics 
of our sample. As shown in Table 3, our sample did not dif-
fer significantly from the average characteristics of residents 
in Ishikawa Prefecture with regard to three socioeconomic 
factors (Male, Age, and Income). These results indicate that 
our respondents are a good representation of urban residents 
throughout Ishikawa Prefecture and are appropriate for this 
study’s purpose.

Tables 4 and 5 describe the correspondence between sub-
jective and preferred proximity to both, urban agricultural 
as well as satoyama land. We calculated Spearman’s rank 
correlation coefficients for both land types and obtained 0.78 
(p < 0.00) for agricultural land and 0.66 (p < 0.00) for satoy-
ama. These results suggest that, for both land use types, the 
stated value of preferred proximity of respondents increases 
when that of subjective proximity increases.

Choice model results

This section presents the estimation results of the mixed and 
latent class logit models. Mixed and latent class logit models 
were estimated using Stata 17 software and the command 
“mixlogit” and “lclogit”, respectively (Hole 2007; Pacifico 
and Yoo 2013). Table 6 presents the three estimations results 
of mixed logit model. Model 1 is the simplest, as it includes 
only the attribute variables used in the choice experiment. 
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Mrent was assumed to be a fixed variable that is constant 
among all respondents. In contrast, Model 2 includes Mrent 
as a normally distributed random variable that varies among 
samples. Finally, Model 3 contains variables used in Model 
2 and the squared variables of ProxAgri (ProxAgri_SQ), 

ProxSato (ProxSato_SQ), and Biodiv (Biodiv_SQ) to evalu-
ate the non-linear effect of both proximities and biodiver-
sity richness on people’s preferences. The log-likelihood 
values of Models 1, 2, and 3 were − 7197.636, − 6872.590, 
and − 7096.995, respectively. Similar to the log-likelihood 

Table 3   Descriptive statistics of the valid sample (N = 775)

a Average values in 2019
b Source: https://​www.​pref.​ishik​awa.​lg.​jp/​tokei_​chosa/​kensei/​index.​html (in Japanese)
c Source: http://​www.​ipss.​go.​jp/​syous​hika/​tohkei/​Popul​ar/P_​Detai​l2021.​asp?​fname=​T12-​08.​htm (in Japanese)
d Source: https://​www.​mhlw.​go.​jp/​toukei/​itiran/​roudou/​ching​in/​kouzou/​z2019/​dl/​08.​pdf (in Japanese)

Variable Description Mean S.D. Min Max Aver-
age of 
Ishikawaa

Male = 1 if respondent is male,  = 0 if otherwise 0.51 0.50 0 1 0.49b

Age Age in years 44.44 13.53 18 89 47.8c

Income Categorical dummy for net household income (= 1 if < 2 million JPY, …, = 8 if > 14 million 
JPY)

3.36 1.58 1 8 3.39d

Interest Categorical dummy for interest in nature (= 1 if “I do not know,” = 2 if “Not interested at 
all”, = 3 if “Not very interested”, = 4 if “Somewhat interested”, = 5 if :”Very interested”)

3.73 0.83 1 5 –

AgriLC Ratio of the agricultural landscape in the respondents' residential grids 0.21 0.26 0 0.93 –
WasteLC Ratio of wasteland in the respondents' residential grids 0.01 0.02 0 0.19 –
ResiLC Ratio of residential landscape in the respondents' residential grids 0.45 0.32 0 0.92 –
Biodiv Estimated number of observable dragonfly species by Satoyama Index 0.19 0.15 0.00 0.58

Table 4   Correspondence 
between subjective and 
preferred proximities: 
agricultural land

1: 0 m, 2: 0–199 m, 3: 200–499 m, 4: 500–1000 m, 5: greater than 1000 m

Agricultural land Subjective proximity

Preferred proximity 1 2 3 4 5 Total

1 50 1 2 0 0 53
2 22 112 14 1 2 151
3 5 57 85 23 8 178
4 5 17 35 72 43 172
5 5 9 15 28 164 221
Total 87 196 151 124 217 775

Table 5   Correspondence 
between subjective and 
preferred proximities: Satoyama 
land

1: 0 m, 2: 0–199 m, 3: 200–499 m, 4: 500–1000 m, 5: greater than 1000 m

Satoyama land Subjective proximity

Preferred proximity 1 2 3 4 5 Total

1 12 0 1 0 5 18
2 0 28 13 4 6 51
3 0 19 37 18 19 93
4 2 8 17 103 89 219
5 2 2 11 23 356 394
Total 16 57 79 148 475 775

https://www.pref.ishikawa.lg.jp/tokei_chosa/kensei/index.html
http://www.ipss.go.jp/syoushika/tohkei/Popular/P_Detail2021.asp?fname=T12-08.htm
https://www.mhlw.go.jp/toukei/itiran/roudou/chingin/kouzou/z2019/dl/08.pdf
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values, we obtained identical results in terms of Akaike and 
Bayesian information criteria. As a result, Model 2 was the 
best fitted.

Model 1 estimated the coefficient value of Mrent 
(monthly rent at 1000 JPY) to be statistically and signifi-
cantly negative for all models at the 1% level, although the 
estimated value of Model 2 slightly differed from that of 
Models 1 and 3. The negative coefficient of the monetary 
variable is consistent with the economic theory. In addi-
tion, Model 2 showed a statistically significant standard 
deviation for Mrent at the 1% level, which suggests het-
erogeneous preferences for monthly rent payments among 
valid respondents.

ProxAgri (proximity to urban agricultural land) showed 
statistically significant negative estimated mean values in 
Models 1 and 2 at the 1% level. The standard deviation 
differed significantly from zero at this level. This suggests 
that people have heterogeneous preferences with regard to 
proximity to it. In contrast, in Model 3, the mean value of 
ProxAgri was above zero with statistical significance at the 
5% level because Model 3 includes the squared term ProxA-
gri_SQ, whereas the standard deviation of ProxAgri differed 
significantly from zero at the 1% level as well as in Models 
1 and 2. Furthermore, the mean value of ProxAgri_SQ was 
negative, with 1% statistical significance in Model 3. The 
results suggest that the most desirable distance between 
urban agricultural land and respondents’ locales exists.

ProxSato (proximity to satoyama land) identically showed 
negative mean values in Models 1 and 2 with a 1% statistical 

significance. Additionally, the standard deviation values 
were significantly above zero at the 1% significance level for 
both models. These results imply preference heterogeneity 
in the proximity to satoyama land, as well as ProxAgri. By 
contrast, in Model 3, the mean value of ProxSato was signifi-
cantly positive because of the squared term ProxSato_SQ, 
and the standard deviation of ProxSato was significantly 
above zero at the 1% level. Additionally, ProxSato_SQ 
showed a negative mean coefficient, with 1% statistical sig-
nificance. The results suggest that, even in the case of Prox-
Sato, the most desirable distance between satoyama land and 
respondents’ locales exists.

Biodiv (biodiversity richness represented by the number 
of observable dragonfly species around people’s houses) 
showed negative mean values for Models 1 and 2 at the 
1% statistical significance level with the values of standard 
deviation being significantly above zero. This suggests het-
erogeneity in people’s preferences for biodiversity richness 
surrounding their residences. By contrast, in Model 3, the 
non-significant coefficient of Biodiv was estimated, whereas 
the standard deviation value was above zero at the 1% sig-
nificance level. Moreover, Biodiv_SQ, i.e., the squared term 
of Biodiv, showed a significantly negative mean coefficient 
in Model 3 at this level.

Figure 3a–c illustrate the distribution of marginal WTP 
among respondents for ProxAgri, ProxSato, and Biodiv 
respectively, calculated using Model 2 (the best-fitted 
model). First, the mean and median values of marginal 
WTP for ProxAgri were − 489 and − 381, respectively. 

Table 6   Mixed logit model estimation results

S.D. indicates standard deviation of the estimated parameters. AIC and BIC indicate Akaike information criteria and Bayesian information crite-
ria, respectively. Standard errors of the estimated parameters are shown in parentheses
*** and ** indicate p < 0.01 and p < 0.05, respectively

Variables Model 1 Model 2 Model 3

Mean S.D. Mean S.D. Mean S.D.

ProxAgri (100 m) − 0.066*** (0.007) 0.138*** (0.008) − 0.083*** (0.008) 0.149*** (0.009) 0.039** (0.018) 0.144*** (0.009)
ProxAgri_SQ − 0.004*** (0.001)
ProxSato (100 m) − 0.020*** (0.006) 0.115*** (0.006) − 0.021*** (0.007) 0.132*** (0.007) 0.179*** (0.016) 0.141*** (0.007)
ProxSato_SQ − 0.011*** (0.001)
Biodiv − 0.104*** (0.010) 0.179*** (0.012) − 0.136*** (0.012) 0.214*** (0.013) − 0.045 (0.030) 0.172*** (0.012)
Biodiv_SQ 0.000 (0.003)
Mrent (1000 JPY) − 0.094*** (0.003) − 0.153*** (0.007) 0.144*** (0.008) − 0.093*** (0.003)
Observations 24,800 24,800 24,800
Log-likelihood − 7197.636 − 6872.590 − 7096.995
AIC 14,403.272 13,753.180 14,207.989
BIC 14,435.746 13,785.654 14,264.819
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The distribution showed a more comprehensive range of 
respondents with a negative marginal WTP than those with 

a positive marginal WTP. Second, ProxSato showed 178 
and − 57 for the mean and median values of marginal WTP, 
respectively. There was a broader range of people with posi-
tive marginal WTP values than those with negative marginal 
WTP values, which contrasts with the distribution of mar-
ginal WTP in ProxAgri. Third, the mean and median values 
of the marginal WTP for Biodiv were − 1364 and − 1048, 
respectively. The distribution of Biodiv was heavy-tailed 
in the negative direction, revealing that many respondents 
showed a negative marginal WTP.

Furthermore, Fig. 4 shows ProxAgri and ProxSato and the 
corresponding values of the WTPs calculated using Model 3. 
For example, when the distance between urban agricultural 
land and the residence is 100 m (ProxAgri = 1), the WTP 
for proximity to urban agricultural land is 381.314 (JPY). 
As seen in Fig. 4, when the distance between urban agri-
cultural land and the residence is 500 m (ProxAgri = 5.0), 
the corresponding WTP value for ProxAgri is maximized at 
1067.905 (JPY). Moreover, the corresponding WTP value 
for ProxSato is maximized at 7871.618 (JPY) when the dis-
tance between satoyama land and the residence is 820 m 
(ProxSato = 8.2).

Table 7 shows the estimation results of latent class logit 
models with two classes (2-class model) and three classes 
(3-class model). In this study, we divided the valid respond-
ents into two or three classes, considering the meaning-
ful interpretation of each class. Considering the log-like-
lihood values, 3-class model was the best fitted. As well 
as the results obtained by mixed logit models, the results 
of the latent class logit model emphasize the heterogene-
ity in people’s preferences. The 3-class model, the best fit-
ted among latent class models, revealed heterogeneity in 

Fig. 3   a The distribution of marginal WTP for ProxAgri estimated 
using Model 2. b The distribution of marginal WTP for ProxSato 
estimated using Model 2. c The distribution of marginal WTP for 
Biodiv estimated using Model 2

Fig. 4   ProxAgri and ProxSato and corresponding WTPs estimated 
using Model 3
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the respondents’ preferences in more detail. In particular, 
respondents in Class 1 of the 3-class model (33.4%) showed 
similar preferences as respondents in Class 2 of the 2-class 
model, whereas the coefficient of Biodiv for Class 1 of the 
3-class model was significantly below zero at the 5% level, 
which is in contrast to Class 2 of the 2-class model. Class 
2 of the 3-class model (47.7%) showed coefficient values 
similar to those estimated for Class 1 of the 2-class model. 
Respondents in Class 2 of the 3-class model were negatively 
affected by proximity to agricultural land and biodiversity 
richness. Class 3 of the 3-class model (18.9%) exhibited a 
significantly positive coefficient for ProxAgri and Biodiv and 
a negative coefficient for Mrent. This class was the most 
responsive to Mrent among all classes. The results of class 
membership parameters revealed that respondents in Class 
1 of the 3-class model were relatively younger, and those 
in Class 2 of the 3-class model were more interested in the 
environment compared to Class 3 of the 3-class model.

Additionally, the 2-class model revealed that the respond-
ents in Class 1 (63.5% of valid respondents) showed nega-
tive coefficients for all variables with statistical significance 
at the 1% level, whereas respondents in Class 2 (36.5%) 

showed positive coefficients for ProxAgri and ProxSato and 
a negative coefficient for Mrent at the same level. Moreover, 
the coefficient of Mrent for the participants in Class 1 was 
smaller than that for Class 2. The results of the 2-class model 
imply that 63.5% of the valid respondents did not prefer resi-
dences where the distance between urban agricultural land 
or satoyama and their residence increased; however, they 
also did not favor richer biodiversity around their locales. By 
contrast, 36.5% of the valid respondents preferred a longer 
distance between traditional urban agricultural land and 
satoyama, and their housing locales, moreover they did not 
respond favorably to the biodiversity richness surrounding 
their houses. Additionally, the results of the class member-
ship parameters of the 2-class model revealed that respond-
ents in Class 1 were relatively younger, had higher income, 
and were more interested in the environment with statistical 
significance compared to those in Class 2.

Simulated results

Finally, using Model 2, valid respondents’ aggregated 
MTWP values were simulated under two hypothetical 

Table 7   Latent class logit model estimation results

AIC and BIC indicate Akaike information criteria and Bayesian information criteria, respectively. Standard errors of estimated parameters are 
displayed in parentheses
***, **, and * indicate p < 0.01, p < 0.05, and p < 0.10, respectively

Variables 2-Class model 3-Class model

Class 1 Class 2 Class 1 Class 2 Class 3

Coefficient Coefficient Coefficient Coefficient Coefficient

ProxAgri − 0.082*** (0.006) 0.046*** (0.006) 0.046*** (0.005) − 0.127*** (0.008) 0.025* (0.014)
ProxSato − 0.066*** (0.005) 0.147*** (0.005) 0.147*** (0.007) − 0.085*** (0.006) 0.012 (0.012)
Biodiv − 0.081*** (0.009) − 0.019 (0.018) − 0.038** (0.018) − 0.121*** (0.011) 0.116*** (0.035)
Mrent (1000 JPY) − 0.084*** (0.003) − 0.052*** (0.006) − 0.054*** (0.005) − 0.047*** (0.003) − 0.475*** (0.031)
Class membership parameters
Male 0.254 (0.162) – − 0.163 (0.221) 0.120 (0.223) –
Age − 0.017*** (0.006) – 0.025*** (0.008) 0.007 (0.009) –
Income 0.093* (0.049) – − 0.049 (0.069) 0.100 (0.068) –
Interest 0.293*** (0.089) – − 0.032 (0.116) 0.414*** (0.124) –
AgriLC 0.173 (0.325) – 0.230 (0.436) 0.045 (0.444) –
WasteLC 5.636 (3.717) – –4.645 (4.932) 0.458 (4.513) –
ResiLC 0.014 (0.268) – 0.201 (0.365) 0.313 (0.368) –
Constant − 0.329 (0.440) – 0.024 (0.587) − 1.371** (0.619) –
Observations 24,800 24,800
Share size 0.635 0.365 0.334 0.477 0.189
Log-likelihood − 8268.913 − 7841.461
AIC 16,699.724 15,844.819
BIC 16,569.826 15,738.922
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scenarios. Scenario 1 is a hypothetical scenario in which 
agricultural land and satoyama are managed adjacent to 
residences (0 m), resulting in the richest biodiversity (8 spe-
cies) in the vicinity of the residences. In contrast, Scenario 
2 is another one in which agricultural land and satoyama are 

managed away from residences (1000 m), resulting in the 
poorest biodiversity (0 species) in the vicinity of residences. 
Figure 5a, b shows the simulated distribution of aggregated 
MWTP values under scenarios 1 and 2, respectively. The 
simulated distributions show that the average value of the 

Fig. 5   a Distribution of 
aggregated MWTP value under 
scenario 1. b Distribution of 
aggregated MWTP value under 
scenario 2
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total MWTP among valid respondents is larger in Scenario 
2 than in Scenario 1. In other words, the simulation results 
suggest that, on average, the welfare of residents may be 
higher when agricultural land and satoyama are managed 
away from residences.

Discussion

People's perceptions and preferences for urban 
agriculture

This study evaluated people's perceptions and preferences 
regarding their proximity to urban agricultural land and 
satoyama. The estimation results obtained from the best-
fitted model (i.e., Model 2 in mixed logit model and 3-class 
model in latent class model) provide some interesting discus-
sion. One of the interesting findings is that more than half of 
respondents prefer long distances between agricultural land 
and satoyama and their residence, as seen in Table 7. This 
reflects the negative perception of agricultural land in urban 
areas (Lyytimäki and Sipilä 2009; Escobedo et al. 2011; Von 
Döhren and Haase 2015). People are more sensitive to the 
negative impact of being adjacent to urban agricultural land 
compared to its positive effects.

In addition, a comparison of urban agricultural land and 
satoyama revealed that people react more negatively to liv-
ing in satoyama neighborhoods. This could be attributed to 
the fact that satoyama is a more complex land use pattern 
than traditional agricultural land and includes diverse ele-
ments beyond agricultural production. In particular, satoy-
ama is not just an agricultural activity, but a comprehensive 
concept that consists of a lifestyle that is closely related to 
nature (Kobori and Primack 2003; Kadoya and Washitani 
2011; Hashimoto et al. 2015). People may believe that living 
in the vicinity of satoyama means embracing such a life-
style. Living in the vicinity of a satoyama landscape, while 
enjoying the richness of the landscape, may require accept-
ance of various negative impacts. For example, one may 
need to accept material problems such as allergic reactions, 
unpleasant smells, and inconveniences in daily life, as well 
as psychological problems such as loneliness and boredom 
(Lyytimäki and Sipilä 2009; Escobedo et al. 2011; Yumoto 
et al. 2012; Von Döhren and Haase 2015). As a result, they 
refrain from residing in satoyama neighborhoods compared 
to urban agricultural land.

We also found non-linear preferences for proximity to 
traditional agricultural land in urban areas (see Fig. 4). In 
particular, our estimated model reveals a squared association 

in preferences for distances between urban agricultural land 
and satoyama and people's housing locales. This result is 
consistent with those from previous studies and highlights 
the complex effects of spatial distance on people's prefer-
ences (Bertram and Rehdanz 2015; Glenk et al. 2020; Kyoi 
2021). A more detailed analysis of people's preferences 
for the distance to urban agricultural land and satoyama is 
needed in the future.

Furthermore, preferences for distance from agricultural 
land and satoyama were shown to be generally consistent 
with actual residential conditions. As Tables 4 and 5 show, 
those who prefer longer distances from the two types of land, 
live farther away from them, whereas those who prefer to 
live adjacent to them, live relatively close. This result sug-
gests that people consider the distance to urban agricultural 
land and satoyama as a factor in their choice of a locale 
for living. Previous studies have suggested an association 
between the surrounding environment and people's residen-
tial choices (De Valck and Rolfe 2018; Glenk et al. 2020; 
Toledo-Gallegos et al. 2021), and our results support these 
suggestions.

Heterogeneous preferences for urban agriculture

Another significant finding is that there is heterogeneity in 
respondents' preferences for proximity to urban agricultural 
land and satoyama from their residences. Mixed logit models 
estimated the values of the standard deviation of ProxAgri 
and ProxSato with statistical significance (see Table 6). This 
finding is consistent with those of previous studies that have 
proposed complex preferences for agricultural land in urban 
areas (Brinkley 2012; Specht et al. 2016; Sanyé-Mengual 
et al. 2018; Kyoi 2021). Our results also reveal the details 
of heterogeneity in people's preferences for the distance 
between urban agricultural and satoyama land, and their resi-
dences. We found that approximately 47% of people felt that 
the utility offered to them would improve by their residences 
neighboring urban agricultural land and satoyama, whereas 
52% of people felt there would be a decline in utility by 
dwelling next to them (Table 7, 3-class model). These results 
suggest that, although some people dislike the existence of 
such land use next to their locale, a certain proportion of 
people favor short distances between urban agricultural land 
and their houses (Fig. 3a–c).

The potential heterogeneity in people's preferences for 
proximity to agricultural land in urban areas reflects the 
complex influence that traditional agricultural land and 
satoyama neighboring people's residences have on them. 
Previous studies have suggested both positive and negative 
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effects of agricultural land in metropolitan areas. Such land 
use may provide valuable landscapes but may also give rise 
to displeasing smells (Brinkley 2012; Sanyé-Mengual et al. 
2018). The positive and negative effects of urban agricultural 
land can cause people to react differently. Some people may 
be sensitive to its scenic value and as a result desire close 
proximity to it, whereas others may choose to live far away 
from urban agricultural land to avoid the health hazards 
caused by it.

The latent class model also revealed the characteristics of 
those who preferred a shorter distance between agricultural 
land in urban areas and their locales (Table 7). In particular, 
the estimation results suggest that relatively young people 
with higher incomes and higher environmental interests feel 
that the utility that they receive is enhanced through shorter 
distances between urban agricultural land and their locales. 
This result is likely because younger and higher-income 
people have relatively lower health risks than those who 
are older and earn lower incomes, and thus, they are less 
affected by the adverse health impacts caused by proxim-
ity to urban agricultural land. Previous studies reviewed the 
negative health impacts of urban agriculture in both devel-
oping and developed countries including Japan (Orsini et al. 
2013; Mok et al. 2014). In addition, people interested in the 
environment probably highly value agricultural landscapes, 
even in urban areas. These results support previous stud-
ies (Hake 2017; Lackey et al. 2021), including Albaladejo-
García et al. (2021) that indicated younger people and those 
with relatively higher incomes give more importance to 
urban agriculture's cultural services (e.g., recreation, educa-
tion, and well-being). Meanwhile, no effects on current resi-
dential landscapes were detected. This result contrasts with 
previous studies that have suggested a correlation between 
people's preferences for urban agricultural activities and 
their surrounding landscapes (Mancebo 2018; Albaladejo-
García et al. 2021).

People's preferences for biodiversity richness

Another interesting finding was the negative preference for 
biodiversity richness, represented by the number of observ-
able dragonfly species around residential locales. In par-
ticular, latent class logit models revealed that approximately 
81% of respondents felt that the utility would decrease if 
the biodiversity around their house becomes richer. This 
suggests that although people understand the importance of 
biodiversity preservation, they are opposed to biodiversity 
conservation practices in their residential neighborhoods 

(Beaudet et al. 2022). In contrast, approximately 19% of 
respondents felt that their neighborhood's abundant biodiver-
sity would enhance the utility. These results also imply het-
erogeneous preferences of people, whose residence neigh-
bors urban agricultural and satoyama land, for biodiversity 
richness, which is in line with previous studies (Khan et al. 
2021; Yang 2021).

Policy implications for utilization of urban 
agriculture

This study proposes some practical policy implications, 
which could contribute to the decisions made by urban 
planners and policymakers for utilizing urban agriculture 
to enhance urban areas' sustainability and accomplish SDG 
11. In particular, this study suggests that urban planners 
and policymakers need to manage and supply agricultural 
land in urban areas far from populated places. Our study 
highlights the Not-in-my-backyard (NIMBY) phenomenon 
(Dear 1992). In particular in the context of the current study, 
though people recognize the importance of agricultural land 
for society (MAFF 2021), they do not welcome such land use 
neighboring their locales. Therefore, it is necessary for urban 
planners and policymakers to support agricultural activities 
in peri-urban areas when providing urban agricultural land. 
(Zasada 2011; Brinkley 2012). Jansma and Wertheim-Heck 
(2022) emphasized the importance of recognizing the value 
of peri-urban agriculture and discussed the significance of 
involving its practitioners in the policy-making process.

In addition, urban planners and policymakers should be 
cautious regarding the intensity of urban agriculture. This is 
because urban planners and policymakers may face trade-offs 
with regard to its intensity and public acceptance. Supporting 
urban agricultural landscapes, such as satoyama, where there 
are various land uses, including high-intensity agriculture, 
could provoke adverse reactions from inhabitants. However, 
some contiguous areas of urban agricultural land are necessary 
to ensure that cities continue to receive the effective services 
provided by the ecosystem (Batáry et al. 2015). Therefore, 
urban planners and policymakers should explore the inten-
sity of urban agriculture, simultaneously addressing both of 
the adverse reactions of residents and the enabling of eco-
system services. They should also carefully analyze the spa-
tial arrangement, including the distance between populated 
and urban agricultural land areas. The Japanese government 
attempts to utilize urban agriculture's multifunctional role in 
urban design (MAFF 2022). However, the results of this study 
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suggest that residents generally have negative preferences for 
urban agriculture in their neighborhoods. To further expand 
urban agriculture, the government must address residents' 
adverse reactions.

Limitations and future works

Although the findings of this study significantly contribute 
to the literature relating utilization of urban agriculture, there 
are several limitations and directions for future work to be 
undertaken. First, it is essential to expand the study to other 
sites, such as more urbanized areas, so that the results and 
implications of this study can be generalized. In this study, 
we collected respondents from Ishikawa Prefecture in Japan, 
where people are assumed to be familiar with the agricultural 
context. Collecting respondents from more urbanized areas, 
such as Tokyo, could help obtain more generalizable results.

Second, other evaluation methods, such as the hedonic 
price model, should be employed in future studies. In this 
study, a choice experiment was conducted to investigate 
respondents’ hypothetical choices for multiple residences. 
However, hypothetical choices in the stated preference 
method could cause bias (e.g., hypothetical bias). Investi-
gations using the revealed preference method, such as the 
hedonic price model, and a comparison of the results among 
several studies regarding people’s preferences for urban agri-
culture can be vital for obtaining more credible implications.

Third, it should be acknowledged that the respondents of 
this study could be biased potentially because online survey 
instruments were used. The online survey employed in this 
study potentially limits the characteristics of respondents. 
That is, respondents were limited to those who met two con-
ditions: they have access to the Internet and are registered 
with an online survey company. While the survey results (see 
"Survey results") suggests that no bias in the socioeconomic 
attributes of the respondents is observed, it does not indi-
cate that the representativeness of the respondents is fully 
ensured. This limitation of this study should be recognized.

Fourth, other characteristics would influence residents’ 
heterogeneous preferences for geographical proximity to the 
agricultural land. Potential factors are, for example, edu-
cational levels and environmental education experiences. 
However, due to the limitation of the survey instrument, 
data on these factors were unavailable for this study. This 
point should be acknowledged as a limitation of this study. 

In future work, more variables need to be obtained and 
included in the model to analyze the preference heterogene-
ity of residents.

Conclusion

This study evaluates people’s perceptions and preferences 
for the distance between urban agricultural land and their 
residential locales and discusses the possibility of utiliz-
ing urban agriculture to improve the sustainability of urban 
areas. An online survey and choice experiment was con-
ducted with respondents from Ishikawa Prefecture in Japan, 
who are assumed to be familiar with the agricultural con-
text. Mixed logit and latent class logit models revealed het-
erogeneity in people’s preferences for proximity to agri-
cultural lands in urban areas. In particular, 48.5% of our 
valid respondents felt that the utility that they receive would 
increase by shorter distances from urban agricultural land, 
whereas 32.2% of our valid respondents felt that it would 
decrease. Additionally, the model revealed the heteroge-
neity in preferences for biodiversity richness, surrounding 
respondents’ residences.

Enhancing the sustainability of cities through the achieve-
ment of SDG 11 is an important goal not only for the cur-
rent, but also for future generations in order to continue to 
inhabit cities. To achieve this goal, we need to explore a 
new direction of urban design to reduce the environmental 
burdens imposed by cities. One possibility is the further uti-
lization of urban agriculture (Ayambire et al. 2019; Lange-
meyer et al. 2021). Social science can play a significant role 
in policy decision-making concerning its further utilization 
because the perceptions and preferences of urban residents 
significantly impact the expansion and redesign of cities. 
Residents’ demands and desires may pressure urban plan-
ners and policymakers to make decisions and determine the 
direction of urban change. Therefore, future research should 
closely examine the perceptions and preferences of residents 
regarding the implementation of urban agriculture and other 
specific measures to improve urban sustainability.

Appendix

See Tables 8 and 9.
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