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ABSTRACT

Agriculture has been the mainstay for the livelihood of rural people for centuries. By engaging
in agriculture and utilizing the various natural resources of farmland, people had known how
to produce food and to fight with hunger. In many developed and developing countries,
agriculture also played major roles in economic growth and contributed largely to the GDP. In
addition, agricultural practices are crucial in the preservation of natural resources. Through
continuous agricultural activities, environmental risks can be reduced, and economic damages
caused by natural hazards can also be prevented. The extent of agriculture is expected to
increase globally with the increase of the world population. However, in recent years, the
decline of agriculture and loss of farmland area are occurring. In many countries, agriculture
areas have decreased as a result of farmland abandonment (FLA), which is an irreversible
process, changing with the influence of various environmental or socio-economic conditions.
Such development has caused significant unfavorable natural and socio-economic
consequences for both farmers and the society. Therefore, a clear understanding of farmland
usage and dynamics is essential for maintaining the stability and sustainability of the ecosystem.
The author focuses on FLA in Japan which is a serious issue and try to reveal the mechanisms
of FLA from different perspectives.

In the past three decades, Japan has undergone an unprecedented decline of agriculture chiefly
due to the aging of farmers, depopulation, and unfavorable socio-economic conditions. The
issue of FLA has been investigated from the early 1990s. FLA studies in terms of geographical
contexts have greatly diversified over the past few decades. Mountainous areas have firstly
experienced the trend of FLA and it spread to suburban and plain areas. In mountainous areas,
the agricultural activities have always been restricted by unfavorable conditions such as
geographical situation and accessibility. This development has not only resulted in the increase
of FLA but also has had negative impacts on livelihood of farmers and food security. However,
this phenomenon remains ill-understood in East Asia, particularly in heavily depopulated and
aging countries, such as Japan. As such, this research mainly focuses on Japan and tries to fill
this gap by revealing the mechanisms of FLA at multiple scales.

This study attempts to shed empirical light on the temporal and spatial patterns, determinants
and countermeasures of FLA in Japan from the national, regional and local contexts. The
analysis follows the following steps: FLA and farmland use changes; determinants and

mechanisms; consequences; countermeasures and policy implications, which provides rich



information of FLA under different geographical and socio-economic circumstances. The
study is divided into the national (the whole Japan), the regional (the Chugoku and Shikoku
region) and the local (Hiroshima Prefecture) scales. For the analysis, the author employed both
qualitative and quantitative methodologies. On the one hand, the author employed the former
municipalities defined in 1950 at a national scale as unit samples to conduct quantitative
analyses from the national and regional scales. Consequently, the spatial patterns,
characteristics, variations of FLA and agricultural characteristics in Japan were displayed. As
for the drivers or determinants, the author primarily adopted Multiple Linear Regression
(MLR), Geographically Weighted Regression (GWR) and Principal Component Analysis
(PCA) as methodologies. A set of variables retrieved from the census of agriculture and forestry
were selected to evaluate the determinants of FLA from the global and local regressions. On
the other hand, the author carried out questionnaire surveys and interviews at the local scale to
know the real local situation of FLA. Individual farm households and Incorporated
Community-Based Farm Cooperatives (ICBFCs) were selected to examine the farmers’
awareness of FLA and future agricultural development. The combination of different scales
and methodologies allow us to understand FLA comprehensively.

The main findings are as follows: From national scale, the author has found that, first, FLA in
Japan exhibits a significantly uneven pattern. While taking the (Farmland Abandonment Rate)
FLAR as a measurement, the results demonstrate that most abandoned farmland is positively
correlated with slope and is highly clustered in the Kanto, Chubu and Chugoku Shikoku regions,
compared to other regions that are suitable for agricultural production, such as the Hokkaido
and Tohoku regions. Second, the arable land ratio of self-sufficient farm households and the
ratio of non-successor farm households positively affect abandonment. In contrast, the number
of laborers per farm household, arable land area per farm household and paddy field density
have a negative impact on abandonment. Third, the determinants are spatially varied among
study regions. FLA is driven by interactions of multiple determinants and depends on specific
local circumstances.

From intraregional scale, the author has found that, first, there are strong intraregional
differences in the agricultural characteristics across the Chugoku and Shikoku region, with
eight different principle components (PCs) describing the characteristics. Second, variables
measuring agricultural characteristics explain nearly 52.8% of the variation in FLA in our
sample. The sales orientation and scale of agriculture have the strongest negative correlation

to FLA in the region, while the status of agricultural succession displays the strongest positive
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correlation to FLA. Third, in areas where agriculture is more stable and easier to maintain, FLA
is more strongly influenced by changes in agricultural characteristics than by geographical
variations. The author argues that localized approaches and policies for future management
need to take intraregional differences in agricultural characteristics and FLA into account. The
findings help to explain spatial variations in agricultural characteristics and FLA in regional
contexts, suggesting the need for better-informed farmland use policies to mitigate further
abandonment.

From the local scale, the author has found that first, the three main reasons for local farm
households to abandon their farmland, include lack of successors, lack of sufficient laborers,
and aging of farmers. For ICBFCs, the major determinants are lack of successors, aging of
farmers, and low profit from agriculture production. Labor conditions are more significant for
individual farm households while the economic situation of ICBFCs is the key to solving for
FLA. Second, most farm households and ICBFCs exhibited a negative attitude to FLA. An
inverse correlation between FLA and ICBFCs at the municipality level suggested ICBFCs do
have an effective role in preventing FLA. In addition, more financial support from the
government is required to manage future FLA. ICBFCs can mainly contribute to agriculture
development in two regards. ICBFCs can strengthen connections and communications among
local farmers; and agriculture skills can also be improved through periodic workshops. On the
other hand, ICBFCs can also improve the working efficiency and ensure the adequacy of labor
conditions by intensive management. Third, regarding future development, individual farm
households are more concerned about labor conditions, and ICBFCs regard the financial
situation as more significant. Financial and labor conditions are key issues for sustainable
ICBFC management. Many ICBFCs also expressed a desire for mutual support from the
government and farmland management organizations. Meanwhile, they also expect more of the
young generation to return to the rural areas.

The findings help to explain the temporal and spatial patterns, determinants, regional variations
and countermeasures of FLA at the national, intraregional and local contexts. The outcome
generates a comprehensive understanding of FLA across the study region and, therefore,
culminates in some recommendations for future farmland use and agriculture development.
Japan’s case is a significant empirical example for the supplemental understanding of FLA in
general and for those who want to thoroughly examine agriculture in a heavily aging and

depopulated society especially in rural areas. Such results also have derived various significant
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insights for policymaking for the management of agriculture and countermeasures for future

FLA, which are essential to promoting the maintenance of farmland and sustainable agriculture.
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INTRODUCTION

CHAPTER 1 INTRODUCTION

Agriculture has been the mainstay for the livelihood of rural people throughout human history.
The very original function of agriculture is to produce food for people. From ancient times,
people had to know how to produce food and to fight with hunger through doing agriculture
and utilizing the various natural resources of farmland. Since 1990s, agriculture has developed
a lot with the emergence of some new agricultural practices which enabled an unprecedented
growth of population and workforce. In more recent years, agriculture started to contribute
greatly to the economic prosperity in many developed and developing countries (Johnston &
Mellor, 1961). For instance, in big agricultural countries like the United States and China, food
has played a significant role as a fundamental economic product. Besides, economic values,
economic growth in the agricultural and rural sectors has exhibited a much greater impact on
poverty alleviation and hunger than urban and industrial growth (FAO, 2006).
Moreover, agricultural activities can be crucial in the preservation of natural resources.
Through continuous agricultural and forestry activities, environmental risks can be reduced,
and economic damages caused by natural hazards can also be prevented (FAO, 2006).
Furthermore, it can also be expected that agriculture has abundant cultural and social values.
The dramatic development of agriculture over the last three decades not only changed the
economic and social status of rural areas but have also deeply altered the natural environment
through affecting the amenities of traditional landscapes and villages, as well as the integrity
of agricultural ecosystems (Knickel, 1990).

Farmland, as is indispensable for farming or agriculture, plays a significant role in the Earth’s
ecosystems. It is important not only for agricultural production, but also for its considerable
ecosystem functioning in the flora and fauna of a region (MacDonald et al., 2000; Lasanta, et
al., 2015). In 2015, the United Nations initiated the Sustainable Development Goals (SDGs) to
work towards a more sustainable future for the planet and society. Goal 15 targets biodiversity
and life on land in an effort to ensure the conservation, restoration and sustainable use of land
and ecosystem services. Sustainable land use is becoming a fundamental research topic for land
use planning (Xue et al. 2019). Biodiversity plays a key role in ecosystem stability while
sustainable farming and agriculture are essential to preserve natural resources and to maintain
rural landscapes and communities (Diaz et al., 2011; Scherr & McNeely, 2008). Farmland takes
up about 38% of Earth’s ice-free terrestrial areas (Ruskule et al., 2013). These farmlands keep

a balance between human needs and ecosystems. Current agricultural research and policy



INTRODUCTION

agendas in Europe have largely paid attention to sustainable management of farmland and
natural resources (Matin et al., 2016).

In many countries, farmland areas have decreased as a result of abandonment (Li & Li, 2017),
and this is becoming a reality worldwide (MacDonald et al., 2000; Rey Benayas, 2007; Eduardo
Corbelle-Rico & Crecente-Maseda, 2014; Yan et al., 2016). Farmland is expected to increase
globally with the increase of the world population. However, in recent years, the expansion of
farmland area is not occurring to the same degree in all parts of the world. In the last 30 years,
abandoned farmland has become a threat to sustainable agriculture. Besides, the impacts of
abandonment are controversial as consequences vary across geographical regions and must be
considered relative to the region's agricultural situations (Rey Benayas, 2007; Queiroz et al.,
2014; Teodoro Lasanta et al., 2015).

Some scholars view farmland abandonment (here after: FLA) as an opportunity for habitat
regeneration, with an added nature value from forests or grasslands restoration (Rey Benayas,
2007; Yang et al., 2019). Others regard abandonment as a threat to biodiversity that can cause
serious environmental issues such as landscape and habitat loss, and can have direct or
indirect impact on land degradation (FAO, 2006). The change of landscape can also be a higher
risk to fire and less resilient ecosystems (Sil et al., 2019). Regardless of the environmental
impacts, abandoned farmland can lead to reduced agricultural production and weakened socio-
economic conditions in rural communities (MacDonald et al., 2000). In most regions, the FLA
is an irreversible process, changing with the influence of various environmental or socio-
economic situations and frequently exceeds farmland expansion (Verburg & Overmars, 2009).
Such development has caused significant unfavorable natural and socio-economic
consequences (A. V. Prishchepov et al., 2012; Zakkak et al., 2015). Therefore, a clear
understanding of farmland usage and dynamics is essential for maintaining the stability and
sustainability of the ecosystem (Kawashima, 2010; E. Corbelle-Rico et al., 2012; Xie et al.,
2014).

Until now, there still lack studies on FLA in east Asia and a country who is facing serious aging
such as Japan. Japan is a country that experiences heavy depopulation particularly in rural areas
and the agriculture sector subsequently declines after postwar time (Okahashi, 2004). Since the
higher economic growth period, Japan has been experiencing rapid out migration and aging in
rural villages, which cause serious labor shortage and agriculture decline. Rural lifestyle has
always been peaceful and enjoyable, and the multifunctionality of rural areas and agriculture

have been evidenced to be of great economic value in general (Aizaki et al., 2006). However,
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rural areas and the lifestyle of rural residents are drastically changing worldwide as result of
the demographic shrinkage, with dramatical impacts on rural landscapes such as settlement
structure change and intensification of agriculture (Ruskule et al., 2013). For instance, a
population fall in rural areas may bring about the withdrawal of living-related services, a
decline in job-finding opportunities and in rural accessibility, all of which lead to further
depopulation (Ministry of Agriculture, Forestry and Fishery (MAFF, 2018)).

The Japanese archipelago has very complicated geography, with many hilly and mountainous
areas (HMAs) (In Japanese: Chusankanchiiki) distributed widely throughout the country
(accounting for approximately 40% of the total agricultural areas) (Uematsu et al., &, 2010).
On the one hand, in these areas, agriculture is difficult to maintain, and the shortage of labor
force cannot be supplemented immediately due to the lack of agricultural successors, among
other factors (Yamashita & Hoshino, 2018). These factors are the primary reasons for the
existence of high FLAR, especially in rural mountain villages. On the other hand, Japan is
experiencing massive depopulation and aging problems in rural areas (Heller, 2016); 26% of
Japan’s population is older than 65. This social background is extremely unfavorable for
agriculture because the effectiveness of cultivation and the lack of labor in agriculture directly
promote abandonment.

Since the 1950s, and especially after the mid-1980s, Japanese agriculture has been shrinking
year by year (Hisano et al., 2018). Japan has seen an unprecedented increase in FLA since the
1990s, which not only causes serious environmental problems and rural landscape loss but also
has a drastic impact on socio-economic conditions and the livelihood of Japanese farmers.
Arable land contraction declined from 6.09 million hectares in 1961 to 4.52 million hectares in
2014 which has subsequently brought many socio-economic problems such as food security
(MAFF). In addition, a total of 423,064 hectares of farmland have been abandoned in the one-
year period of 2015 alone and the decline of farm households and agriculture labor aggregating
the problem (MAFF, 2015). Based on the agriculture census, the number of farmers in Japan
was 2.155 million in 2015, 373,000 (14.7%) fewer compared to 2010. In addition, the working
population of business farmers (who mainly engage in self-employed agriculture) was 2.097
million. This number decreased by 509,000 (19.5%) from 2010 to 2015. Moreover, the average
age of the working population in agriculture is 66.4, and the proportion of people aged 65 and
over is 63.5% (MAFF, 2015). In addition to the aging issue, population outflow from rural

areas and a lack of successors for farm households exacerbate the situation (Yamashita &
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Hoshino, 2018). This trend can lead to further isolation and marginalization of vulnerable rural
populations (FAO, 2006).

All the above-mentioned factors make it difficult to ensure agricultural succession. In addition
to many external (socioeconomic condition, public policies) and internal (agroecological and
the features of agricultural holdings) driving factors (T. Lasanta et al., 2015; Schneider et al.,
2015), directly or indirectly aggravating the problem of FLA (Zhang et al., 2016). Thus far,
many aspects are still being largely unknown. Such as temporal and spatial patterns,
determinants at different scales, agriculture and FLA as well as future determinants of FLA. A
comprehensive analysis of FLA from both macro and micro scales has never been evidenced
in Japan. As such, it is necessary to study FLA and its mechanism by making good use of
agricultural census data and by conducting surveys to understand local farm households and
Incorporated Community-based Farm Cooperatives (ICBFCs) from multiple levels and
perspectives.

The primary goal of this study is to explain the mechanism of FLA, its determinants as well as
countermeasures. The study was conducted at three scales: first, from the national scale, an
overall situation of FLA regarding its spatial-temporal patterns and determinants are displayed.
Second, this study focuses on the regional scale by comparing their regional and intraregional
differences regarding FLA. In this level, seven regions in Japan are considered to compare their
differences regarding FLA and one specific region was selected to understand relationships
between intraregional agricultural characteristics and FLA. How each specific regional
circumstances and intraregional circumstances affect FLA have been explored. Third, from the
local scale, the study selects individual farm households and ICBFCs as targets and tries to
reveal the local farmers’ awareness about FLA. All three scales can reflect the FLA more
comprehensively. Japan is one of the countries that have experienced serious aging issue. For
this reason, Japan’s case would be a good empirical example for the understanding of FLA in
general and for those who want to thoroughly examine agriculture in a heavily depopulated
society. The findings also assist both central and administrative government and local farm

households to manage their abandoned farmland and better utilize their agricultural resources.
1.1Research Background

Under many unfavorable socio-economic change in rural areas, agriculture is declining due to
lack of labor, and more abandoned farmland is emerging. The issue of FLA in Japan can be

traced back to the early 1990s when Japanese rural areas started to stagnate due to aging and
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depopulation of farmers and unfavorable socio-economic changes. In mountainous areas of
Japan, designated as ‘problem areas’(KASO areas or depopulated mountain villages) by the
central government, typical regional depression such as restricted job opportunities, low
income, higher rates of aging population and serious depopulation has progressed since the
1950s (Okahashi, 1986). Even today, most young generations and people who live in cities are
far away from agriculture, thinking agricultural work is tiring and with no interests. In the face
of the future of such rural areas, agriculture should be revitalized in an urgent need to attract
more people to come back.

Japanese agriculture still has a lot of potential to be pursued, either nationally or internationally.
Self-sufficient farming largely contributes to the increase of FLA because farm households
never engaged in economic activities that fully utilize their farmland resources. The food self-
sufficiency rate in Japan on a calorie basis is 39%, which is extremely low compared to other
major OECD countries (Figure 1-1). In the fiscal year 2014, the self-sufficiency rate (on an
item-specific weight basis) was 100 % for rice, 13 % for wheat, 10 % for beans, 80 % for
vegetables, 43 % for fruits, 55 % for meats, and 60 % for seafood in Japan. Although
completely self-sufficient in rice, the staple food of its people, Japan relied almost entirely on
imports for the supply of wheat and beans (MAFF). The principal cause for the drop in the food
self-sufficiency rate is the decline in domestic production capacity due to a decrease in the
number of workers engaged in agriculture, as well as the change of the Japanese people’s diet,
a lower consumption of rice and more meat products (Statistics Bureau, 2016). Thus, farmers
in Japan should address FLA and promote the cultivation of abandoned farmland while food
shortages in the developing world require more effective use of agricultural resources overall
(JFIR, 2009). In addition to knowing the process of FLA, how to revitalize abandoned farmland
should also be taken into account. Moreover, there still remains a large number of small-scale
and less-commercial farm households in Japan. For a country with such a large population and
economic significance worldwide, Japan has been experiencing a consistent downward trend
for food security during the past 50 years (Hisano et al., 2018). This development hinders the
social and cultural development of rural areas which may cause a great threat to national food

security.
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Figure 1-1 Trends in food self-sufficiency rates of major OECD countries

Source: Ministry of Agriculture, Forestry and Fishery (MAFF), 2015.
Another factor for the FLA that needs to be considered is the aging issue. The aging of farmers
in Japan exhibits a negative future for the maintaining and development of agriculture. In Japan,
the ratio of population aged 65 and older ranks the highest level compared with most of other
countries. As Figure 1-2 depicts, the period when the percentage of persons aged 65 and older
exceeded 10 % in Japan was earlier than the U.S.A. and most European countries. In 2015, the
percentage of the population 65 and older in Japan was 26.6 %, exceeding the USA and most
European countries, indicating that the aging society in Japan is progressing rapidly (Figure 1-
2). Farmers age pyramid (Figure 1-3) also displays that the age structure of and most farmers
are aged over 60 years old. Male farmers are dominant in agricultural laborers; however, they
take a higher ratio of aging than female farmers, and the most farmers are aged 65 to 69 years.
Due to the aging of farmers, many rural areas in Japan lack enough labor to manage agriculture

in addition to the lack of successors. All these factors lead to the shrinkage of agriculture.
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1.1.1 Farmland transition processes in postwar Japan

Land reform after World War II and the Agricultural Land Act (ALA) enacted in 1952, laid
the foundation of the Japanese farmland system (Ito et al., 2016). ALA argued that farmland
owners have the right and priority to manage their farmland and this ownership has been
restricted only to farming households (McDonald, 1997). As a result, with the rapid economic
growth that started in the late 1950s, the principle of owner-cultivators was confronted with
serious economic contradictions related to the small size of individual farms. Initially, the
agricultural sector in postwar Japan was strictly noncorporate. This regime, however, has been
shifting gradually but substantially over the past 25 years. During that process, the promotion
of consolidating and deregulating of farmland is at the heart (Jentzsch, 2017). In Japan, the
decline of agriculture was largely influenced by agricultural production, which is weakening
with less farmland and fewer farmers (Hori, 2012). Due to this trend, small scale farm
households need to spend more effort on managing their farmland and cannot compete with
big scale farmers in the agricultural market. Many previous evidences also reveal that the small
scale of farmland will contribute to FLA in most regions. Until today, not only individual
farmers, but also community-based farm cooperatives (CBFCs) and companies started to
engage in agriculture and contribute to the revitalization of farmland. In this regard, the author
not only focus on individual farm households but also community-based farming in Japan to

examine the determinants of FLA.

1.1.2 Historical background: historical FLA research

FLA is not a new phenomenon in many developed and developing countries. Research
regarding FLA was initially conducted in many European countries which reflect a post war
trend of rural depopulation to which isolated and poorer areas are most vulnerable (MacDonald
et al., 2000). Between 1990 and 2006, “a total area of about 54 920 ha was abandoned in
Western Europe whereas in Eastern Europe an area of about 67 960 ha was abandoned
(Ustaoglu & Collier, 2018). Since 2000, many scholars started to pay much attention to FLA
and its drivers in developed countries in Europe, and North America (Kolecka et al., 2017;
Prishchepov et al., 2013; Ramankutty et al., 2010; Vinogradovs et al., 2018a), and gradually
expanded research to some developing countries in Asia (Low, et al., 2015; Yamaguchi et al.,
2016) and Latin America (Diaz et al., 2011; Xu et al., 2019). In Japan, FLA has been
investigated from the early 1990s by many local scale investigations. However, this

phenomenon remains ill-understood in East Asia, particularly in heavily depopulated countries,
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such as Japan. As such, this research mainly focuses on Japan and tries to fill this gap by
revealing the mechanism of FLA at multiple scales.

FLA studies that focuses on geographical contexts have greatly diversified over the past few
decades. Mountainous areas have firstly experienced the trend of FLA which then spread to
suburban and plain areas (Sanz et al., 2013; Zhang et al., 2014; Haddaway et al., 2014; van der
Zanden et al., 2018). In mountainous areas, the agricultural activities have always been
restricted by unfavorable conditions such as geographical situation and accessibility (van der
Zanden et al., 2017). In suburban or plain areas, the driving forces of FLA were more
complicated. During the process of urbanization, much marginal farmland were turned into
urban uses (Zambon et al., 2018). In the plain area, the land consolidation is necessary for
conservation of prime farmland, and also establishment of contract farming is indispensable to
cover labor shortage (T. Takahashi, 1997). Such results also provided some evidences for

dividing the region and scales of FLA into different contexts.

1.1.3 Theoretical background: theories relate to FLA and farmland management
Mather’s Forest Transition Theory (Mather, 1992; Mather & Needle, 1998) and Von Thiinen’s
Bid Rent Theory (Land Rent Theory) (von Thiinen & Hall, 1966) are the two most important
theories for explaining FLA and the change of farmland. Forest Transition Theory (Figure 1-
6(a)) outlines the change from shrinking to expanding of forests that results from economic
development and industrialization. There are four stages of forest regeneration from shrinkage:
Stage one describes undisturbed or very little disturbed forests, which indicates the effects of
economic development and industrialization are still weak. Stage two states the forests frontiers
(high deforestation) which means after high economic period, forests have a lowest level. Stage
three is forests mosaics with stabilized cover and there was low or zero deforestation. Stage
four stands for increasing forest cover through afforestation and reforestation.

Bid Rent theory (Figure 1-6(b)) states that landowners are profit maximizers, allocating their
land to the use of yielding the highest rent. Therefore, the distance of a land parcel to markets
(Von Thiinen ideas) and the ‘quality’ of land, in terms of geophysical characteristics (Ricardian
ideas), determine the land-use decision of each landowner.

The Forest Transition Theory and the Bid Rent Theory were employed to explain FLA process.
On the one hand, Forest Transition Theory poses that due to economic development and
industrialization, agricultural intensification will be concentrated in the most suitable regions

and it will become unprofitable in marginal fields, which will become abandoned and left to
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forest regeneration. Most scholars have motioned that in developed countries, forest transition
is achieved by means of an “economic growth pathway,” while the forest transition in
developing countries occurs by following a “forest scarcity pathway” (Rudel et al.,
2010). Economic growth pathway describes economic development that creates enough non-
farm jobs, which allow farmers to give up doing agriculture, thereby abandoning poor farmland
and contributing to reforestation (Rudel et al., 2005; Oldekop et al., 2018). Therefore, most
scholars insist that abandoned farmland which is near mountains or will cost more to be re-
cultivated should be transferred into forests that can generate more ecological values such as
increasing habitat availability and connectivity for forest-dwelling species (Kuemmerle et al.,
2008; Rautiainen et al., 2016). On the other hand, according to Bid Rent Theory, landowner
are profit maximizers. Thus, farmers who owning farmland also pursuit for the biggest profit
from agriculture. When they make the decision to abandon their farmland or not, most variables
that will affect the yields of farmland will be considered. Where the natural features of the
farmland, such as climate, soil, topography, and other factors remain constant, the location of
agricultural production was determined by the farmers after balancing accessibility or cost and

benefit (Sroka et al., 2018).
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Figure 1-4 The diagrams of (a) Forest Transition Theory and (b) Bid Rent Theory

Source: The Geography of Transport Systems FOURTH EDITION & Deforestation Trends in the

Congo Basin: Reconciling Economic Growth and Forest Protection.
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For the three scales considered in this study, the selection of the explanatory variables is largely
based on the Forest Transition Theory and the Bid Rent Theory. Those two theories also assist
to explain the processes and future management of FLA and farmland (Figure 1-7). FLA in
Japan is primarily due to the weakening of rural areas and urbanization. The Forest Transition
Theory clearly demonstrated the transfer between forest land and farmland during the process
of higher economic growth. While the Bid Rent Theory explicitly stated the transfer between
farmland and human uses. Landowners or farmers are profit maximizers and can decide the
utilization or abandonment of farmland. As a result, marginal or periphery farmland are more
prone to be abandoned.

From the national scale: the author considered environmental and socio-economic variables
which were mainly based on socio-economic situations of farmers or farm households
(Prishchepov et al., 2013; Gellrich et al., 2007). Such explanatory variables considered the two
theories and help to explain the process of FLA at the national scale. Bid rent theory supports
the selection of most geographical and socio-economic variables such as topographical
condition, accessibility, and farm household situations which might influence the yield.
Different stages of FLA from national scale can be interpreted by forestry transition theory.
From the intraregional scales: intraregional land use change is the outcome of many small-
scale drivers and changes, as such, the extent and impacts of change may be highly variable
across even relatively small region (Williams & Schirmer, 2012). Intraregional agricultural
characteristics are employed as explanatory variables to explain FLA.

From the local scale: Individual farm households and community-based farm cooperatives
were selected to know their awareness of FLA and to discuss the future development of FLA.
The bid rent theory can be employed to explain farmers’ preference of making abandonment
decisions. Results also suggest a bottom-up approach for agriculture development. For the
future development of FLA, forest transition theory might be helpful in interpreting ecological

values of farmland.
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Figure 1-5 Theoretical framework of the research
1.2Literature Review

This part reviews the literature regarding definition of FLA, its drivers or determinants,
agriculture and FLA, and finally future countermeasures. The summary of previous studies
follows the questions of what FLA is, why FLA happened, and how to deal with FLA
procedures to address the research gaps and to design the research. Different from research
background, this part mainly examines the existing literature in different region and the

research progress through more detailed results relating to this study.

1.2.1 Conception and measurement of FLA

FLA, also known as agricultural abandonment (MacDonald et al., 2000; Kuemmerle et al.,

2008; Ramankutty et al., 2010; Osawa et al., 2016; Levers et al., 2018), cropland abandonment

(Deininger et al., 2012; Zhang et al., 2014; Meyfroidt et al., 2016), or idle farmland (Morimoto,

1993) can generally be described as the cessation of agricultural activities on farmlands, which

subsequently leads to undesirable changes in biodiversity (Beilin et al., 2014; Kamp et al., 2018)
and ecosystem (Corbelle-Rico et al., 2014; Terres et al., 2015; Levers et al., 2018; Novara et

al.,2017). As FLA can be a complex and gradual process, scholars usually categorize FLA into

two types with different abandonment degrees: total abandonment or complete abandonment

and semi-abandonment or partial abandonment. Total abandonment is defined as complete

cessation of any agriculture activity on farmland and without other activities such as
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urbanization or afforestation (P. Pointerecau et al., 2008; Janus & Bozek, 2019). Semi-
abandonment refers to farmland that was not used for agricultural production but remains
regularly managed, for example, through cutting grass or shrubs that were left on the farmland
(Vinogradovs et al., 2018). Such farmland is not formally abandoned and is subjected to some
potential utilization, which might transfer into future uses, for instance, for tourism activities
(Keenleyside et al., 2010). In addition, there might be transitions among farmlands such as
from abandoned farmland to forest land or other land and semi-abandonment to total
abandonment over time and space driven by a different set of determinants (Munroe et al., 2013;
Yang et al., 2019). This study considers FLA as total abandonment which exhibited no signs
of future uses.

FLA is usually dynamic and difficult to measure as its conceptual definition changes over space
and time, and a different focus of study can yield very distinct results (Rudel et al., 2005; Terres
et al., 2015). According to existing studies, developed countries, such as the United States
(Ramankutty et al., 2010), Australia (Williams & Schirmer, 2012), Japan (Osawa et al., 2016),
and some European nations (Plieninger et al., 2016; T. Lasanta et al., 2017; Ustaoglu & Collier,
2018) particularly in Central and Eastern Europe (Janus & Bozek, 2019), share the greatest
dispersion of FLA acres across the relevant territory. In most developed countries, FLA was
first observed in the 1990s in Europe (Kuemmerle et al., 2008; Ustaoglu & Collier, 2018), and
more abandonment in terms of area took place in the early 21 century (T. Lasanta et al., 2015).
Scholars have focused on FLA for a long time and try to find better solutions toward this issue.
Recent scholarship puts more emphasis on FLA in developing countries, where people rely
more heavily on agriculture for their livelihoods (Low et al., 2015; Zhang et al., 2016; Li &
Li, 2016; Yamaguchi et al., 2016; Xu et al., 2019b). For the measurement of FLA, previous
studies have chiefly focused on its spatial characteristics (Sluiter and De Jong, 2007), driving
forces or determinants (Prishchepov et al., 2013; Levers et al., 2018), countermeasures (Ito et
al., 2016), and future prospects (van der Zanden et al., 2018). In terms of causes or drivers of
FLA, most studies have been conducted with a focus on environmental or ecological (Ustaoglu
and Collier, 2018) and socio-economic aspects (Gellrich and Zimmermann, 2007; Yamaguchi
etal., 2016), and these studies have considered linear (Sang et al., 2014) and non-linear (Levers
et al.,, 2018) relationships. Thus, previous studies mostly focused on individual factors to
interpret FLA drivers by local regressions. Such results allow researchers to quickly understand
the driving factors of FLA in a particular region. However, major problems could occur when

independent variables are highly correlated (Tan et al. 2016). Hence, approaches or
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methodologies that not only considers individual factors, but also takes into account a full set
of variables eliminated from such multicollinearity allow us to identify new perspectives to

explain the causes of FLA.

1.2.2 Different regions and FLA

FLA is usually driven by multiple factors, and the setting of proper time spans and scales for
study can be expected to influence its determinants significantly (Yamaguchi et al., 2016; Pazar
et al., 2014; Rudel et al., 2005). Empirical studies have shed light on spatial patterns of FLA
and its drivers in Europe at different times and scales (Larsson & Nilsson, 2005; Foucher et al.,
2019). In terms of spatial patterns, remote sensing (RS) is widely used to capture and monitor
FLA variations (Estel et al., 2015; Juraj et al., 2015; Low et al., 2018; M. et al., 2019). This
technology allows researchers to identify spatial patterns, as well as areas with low and high
abandonment rates quickly and precisely. Table 1-3 depicts previous studies in different scales
and determinants of FLA. FLA varies among different geographical conditions and has drawn
much attention in many countries.

The studies on FLA are normally divided into three scales: national, regional, and local (parcel
or community) scales. Europe has the most studies regarding FLA, which are usually conducted
at macro-scales such as national and regional. In American and Asia, scholars also focused on
FLA at multiple scales, and a mixed sampling methodology has been chiefly employed. In
Japan, local or community scale studies are more popular, and most scholars conducted
household surveys to know the specific situation of FLA.

However, many researchers have found that FLA is a complex multi-dimensional process,
interlinked with regional environmental, economic and social conditions (Zakkak et al., 2015;
Prishchepov et al., 2013; Mottet et al., 2006; Baumann et al., 2011; Miiller et al., 2013; Liu et
al., 2015). Drivers of abandonment are spatially diverse and are difficult to monitor due to the
challenging regional or local circumstances (Terres et al., 2015). This diversity is reflected not
only in the spatial identification of abandonment but also in the regional variations in the
characteristics of socio-economic development and land use (MacDonald et al., 2000).
Determinants are often examined at pixel, village or household levels (Prishchepov et al., 2013;
Miiller et al., 2013; Zhang et al., 2014). Such information supports regional planners and
policy-makers to implement effective countermeasures, such as controlling possible
environmental impacts of land abandonment or preventing its expansion by issuing new laws

and regulations (Low et al., 2015; Sanget al., 2014)
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In the case of Japan, most scholars insist that FLA has both positive and negative impacts on
the environment, but primarily negative socio-economic consequences for agriculture and food
security. In response, the Japanese government updated its law for sustainable agricultural
practices to the Basic Law on Food, Agriculture and Rural Areas, which started to be enforced
in 1999. This law was necessary in order to promote agricultural production that remains in
harmony with the environment without compromising food security, thereby leading to the
healthy development of agriculture. Overall, FLA remains ill-understood in East Asia. As such,
this research mainly focuses on Japan and tries to reveal the mechanism of FLA in national,
regional and local contexts. Such results follow: FLA and farmland use changes—determinants
and mechanisms—consequences—countermeasures and policy implications, which provides

rich information of FLA under different geographical and socio-economic circumstances.
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Agricultural abandonment in mountain areas of
Europe: Environmental consequences and policy
response.

Land abandonment, biodiversity and the CAP

Vegetation composition and succession of abandoned
farmland: effects of ecological, historical and spatial
factors.

Agricultural land abandonment and natural forest re-
growth in the Swiss mountains: A spatially explicit
economic analysis

Investigating the regional-scale pattern of agricultural
land abandonment in the Swiss mountains: A spatial
statistical modelling approach

Spatial patterns of Mediterranean land abandonment
and related land cover transitions

Cross-border Comparison of Post- socialist Farmland
Abandonment in the Carpathians

Combining top-down and bottom-up dynamics in land
use modeling: Exploring the future of abandoned
farmlands in Europe with the Dyna-CLUE model
Prevailing Myths About Agricultural Abandonment
and Forest Regrowth in the United States

Farmland Abandonment in the EU: An Assessment of
Trends and Prospects

Hydrological and erosive consequences of farmland
abandonment in Europe, with special reference to the
Mediterranean region

Table 1-1. Different studies of FLA and its driving forces

Region

Western Europe
Mountain zones

the New Member
States and Candidate
Countries

North America
Québec (Canada)

The Swiss mountains
The Swiss mountains
Mediterranean
France

Eastern Europe

Europe

the United States
EU

Parts of Europe

Author

(MacDonald et
2000)

(European
Affairs, 2004)

(Benjamin
Domon, 2005)

(Gellrich et
2007)
(Gellrich
Zimmermann,
2007)

al.,

&

&

al.,

&

(Sluiter & De Jong,

2007)

(Kuemmerle et
2008)

(Verburg
Overmars, 2009)

(Ramankutty et
2010)
(Keenleyside et
2010)
(Garcia-Ruiz
Lana-Renault,
2011)
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Scale
National

Regional,
cross national
National
Regional
Regional
Regional
National

Regional

National
Regional

Regional

INTRODUCTION

Driving Factors of FLA

Environmental, agricultural and socio-economic
contextual factors

Land reform and structural change, socio-economic
factors, declining viability of agriculture, national
EU policy

Ecological wvariables: slope, surface stoniness,
canopy opening, soil pH, land-use history, age of
the abandoned farmlands

Poor water availability, small-scaled topographic
peculiarities,

and the individual’s motivation

Shallow soils, steep slopes, under-developed road
infrastructure, low proportions of full-time farms

Environmental factors: distance to roads and urban
areas, wetness index, potential radiation, elevation,
slope, soil class

Differences in socialist land ownership patterns,
post-socialist land reform strategies, and rural
population density

Macro-economic conditions and the characteristics
of the location.

Agriculture structures, forest transition

Agricultural intensification and marginalization,
accessibility, population change, small farms
Depopulation, the use of modern agricultural
machines, steep slope, climatic conditions



Patterns and drivers of post-socialist farmland
abandonment in Western Ukraine

Drivers of land abandonment in Southern Chile and
implications for landscape planning

Multi-scale assessment and spatial modelling of
agricultural land abandonment in a FEuropean
peripheral region: Galicia (Spain)

Modelling farmland abandonment: A study combining
GIS and data mining techniques

Comparing the determinants of cropland abandonment
in Albania and Romania using boosted regression trees
Determinants of agricultural land abandonment in
post-Soviet European Russia

Long-term forest dynamics and land-use abandonment
in the Mediterranean Mountains, Corsica, France

The perception of abandoned farmland by local people
and experts: Landscape value and perspectives on
future land use

Determinants of cropland abandonment at the parcel,
household and village levels in mountain areas of
China: A multi-level analysis

Regionality in Norwegian farmland abandonment:
Inferences from production data

Spatial determinants of abandonment of large-scale
arable lands and managed grasslands in Slovakia
Exploring the Dynamic Mechanisms of Farmland
Abandonment Based on a Spatially Explicit Economic
Model for Environmental Sustainability

Farmland abandonment in Europe: Identification of
drivers and indicators, and development of a
composite indicator of risk

The abandonment of traditional agricultural landscape
in Slovakia - Analysis of extent and driving forces

Western Ukraine

Southern Chile
Europe (Galicia,
Spain)

Spanish
Mediterranean
Central and Eastern
Europe

Post-Soviet Russia
Mediterranean

Mountains
Latvia

China

Norway

Slovakia

China

27 EU Member
States

Slovakia

(Baumann et al,

2011)

(Diaz et al., 2011)

(E. Corbelle-Rico et
al., 2012)
(Zaragozi et al,
2012)

(Miiller et al., 2013)

(A. A. Prishchepov
et al., 2013)
(Sanz et al., 2013)

(Ruskule et
2013)

al.,

(Zhang et al., 2014)

(Sang et al., 2014)
(Pazur et al., 2014)

(Xie etal., 2014)
(Terres et al., 2015)
(Lieskovsky et al.,

2015)
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National
National
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National
Provincial
Multi-scales
National
National

Provincial
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Eastern: Topography, soil type, and population
variables
Western: Urbanization and industrialization

Distances to secondary roads and parks, farm
subsidies. Farm structural variables (bovine heads,
livestock carrying capacity).

Biophysical limitations, slope, accessibility

Plot area, irrigation, vegetation index, topographic
wetness index, structural variables, climatic index
Elevation, slope, market access,

Low grain yields,
(subsidies, markets)
Suspension of human influence, interruption of
traditional farming practices
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the changing role of driving factors
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abandonment occurrence process in the mountain
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Drivers of cropland abandonment in mountainous
areas: A household decision model on farming scale in
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Land cover change on the Isthmus of Karelia 1939-
2005: Agricultural abandonment and natural
succession

Problems and Solutions for Abandonment of Utilized
Agricultural Areas in Latvia

Understanding farmland abandonment in the Polish
Carpathians
Trade-offs of European agricultural abandonment

Farmland Abandonment in Europe: An Overview of
Drivers, Consequences and Assessment of the
Sustainability Implications

Spatial variation in determinants of agricultural land
abandonment in Europe

Abandonment landscapes: user attitudes, alternative
futures and land management in Castro Laboreiro,
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Agricultural abandonment and re-cultivation during
and after the Chechen Wars in the northern Caucasus
Drivers of land abandonment in the Irish uplands: A
case study
Multiple  factors
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First abandonment: small farms, in distant
locations, in municipalities with low population
Later abandonment: large farms, soil condition,
closer to towns, employment.

Altitudinal location, farm management (smaller
field size, lower yields) and socio-economic
conditions (high un- employment, negative
migration balance)

Off-farm wage, urbanization and industrialization

The collapse of the Soviet Union

Inefficient land management, lack the financial
resources, time and willingness to manage the
farmland.

Topography (mainly slope gradients)
employment outside of agriculture

location and scale

and

Climate, soil, income, market, farm income,
farmers’ characteristics, farm structure, policies

Climate conditions,

Less productive, remote and mountainous areas
with unfavorable conditions for agriculture

Closer to armed conflicts

Low incomes, ageing population, lack of
successors and strong environmental constraints
Effectiveness of cultivation, climate
factors, numbers of potential farmers



The contribution of land exchange institutions and
markets in countering farmland abandonment in Japan
The increase of fallow and abandoned cultivated land
with the development of intensive agriculture

Idle and abandoned farmland in Kashiwai-cho 4-
chome, Ichikawa City, Chiba Prefecture

Analysis of Characteristics of Abandoned Farmland
and Preventive Measures in Urbanized Farming
Communities

Utilization of Abandoned Cultivated Lands for
Grazing (in Japanese)

Measurement Analysis of the Cultivated Acreage and
Abandoned Cultivated Lands (in Japanese)

Livestock Production by Integrated Grazing System
for Scattered Small Pastures in Eastern Japan (in
Japanese)

Expansion of Abandoned Cultivated Land and Related
Factors in a Marginal Hamlet in Minamata
Abandonment and intensified use of agricultural land
decrease habitats of rare herbs in semi-natural
grasslands

Evaluation of Social Factors and Geographic Factors
that Affect the Distribution of Cultivation
Abandonment Land

Prevention Mechanism of Farmland Abandonment in
a Mountain Village in Nishi-Aizu Town

Influence of Abandoned Farmland and Protection
Fence on Agglomeration and Connectivity of Wild
Boar Habitat around Orchard Field

Econometric Analysis of Farming Land Abandonment
in the Tohoku Region Using Community Level Data

Japan
Japan
Japan

Japan

Japan
Japan

Japan

Japan

Japan

Japan

Japan

Japan

Japan

(Ito et al., 2016)
(Morimoto, 1991)
(Morimoto, 1993)

(T. Takahashi,
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(Inaba, 2006)

(Shindo & Tejima,

2006)
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(Uematsu et

2010)
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(Shoii, 2015)
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1.2.3 Agriculture and FLA

Understanding the relationship between agriculture and farmers is the key to understanding
FLA problems because different socio-economic situations of farmers or characteristics of
agriculture will affect abandonment differently. Indeed, agricultural management varies from
region to region, as a consequence of natural conditions, historical traditions, and socio-
economic or demographic contexts (Smaliychuk et al., 2016). On the one hand, agricultural
characteristics influence FLA mainly in its scale (Cocca et al., 2012). For instance, Japanese
agriculture is characterized by small farm sizes (Hisano et al., 2018) and is often located in
hilly and mountainous areas (HMAs), which make up around 70% of the national territory
(Ministry of Agriculture, Forestry and Fishery, (MAFF), 2015). Such farmland is extremely
unfavorable, as it requires higher labor and economic costs for cultivation and can easily turn
into abandoned farmland. Proper scale-setting for farming (Yamaguchi et al., 2016) and
adjustment of fragmented farmland (Arimoto, 2010) have been shown to act as an effective
countermeasure against FLA.

On the other hand, FLA affects the remaining agriculture in that, as one farm is abandoned,
adjacent farmland will become more challenging to cultivate because of changes in
geographical and biological conditions (MacDonald et al., 2000). In addition, FLA and the
subsequent restoration of vegetation will significantly change rural land use patterns,
landscapes, and farmers’ livelihoods (Li and Li, 2017). As a consequence, FLA needs to be
analyzed with due consideration of agricultural characteristics in a given region to support
better agricultural management.

The relationship between agricultural characteristics and FLA has been partially documented.
Generally, agricultural intensification or expansion is linked to urbanization, which is often
associated with FLA and a decline of land-use intensity in peripheral regions (Plieninger et al.,
2016). Typically, owners of abandoned farmland are heirs to their ancestors’ farmland who
have migrated to urban areas for employment and do not intend to cultivate the inherited
farmland. Besides, the structure, type, and socio-economic situation of farm households will
affect agricultural strategies of farm households. An unfavorable socio-economic situation of
farm households can further lead to FLA (Ito et al., 2016; Su et al., 2018), as the abandonment
of farmland is basically decided by individual farm households (Zhang et al., 2014). Moreover,
regional agricultural practices regarding farmland can also have a strong impact on FLA

prevention. Because the location and scale of the farmland predict FLA outcomes, such
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information can be used in developing targeted measures for areas that face similar
management challenges (van der Zanden et al., 2017). Planning and policy that aim at either
preventing FLA or managing abandonment should consider social and environmental
challenges (van der Zanden et al., 2018). Setting taxes at appropriate levels can encourage
farmers to sell or lease their abandoned farmland and aid in its transition (Nishihara, 2012).
Abandoned farmland can also be considered for future use, such as renewable energy
production (Abolina and Luzadis, 2014). Although the general weakening of agriculture is
found to cause FLA, the impacts of problems in specific domains of agriculture and regional
agricultural characteristics on FLA are still largely unknown. This study aims to address this
gap by conducting intraregional analysis in the Chugoku and Shikoku region as a case study.

How intraregional agricultural characteristics affect FLA is elucidated.

1.2.4 Countermeasure and future of FLA

Most Japanese scholars insist that FLA has both positive and negative impacts on the
environment, but primarily negative socio-economic consequences for agriculture and food
security (Osawa et al., 2016; Ito et al., 2016; Yamashita & Hoshino, 2018). Relevant studies in
Japan focus on FLA and its driving factors or countermeasures mainly at the national, local, or
individual farm levels. The general relationship between FLA and environmental and socio-
economic factors has been examined at national scale. Factors such as small size and low
accessibility of farmland, slope (Lieskovsky et al., 2015), and the aging of farmers are
inaccessible to increase FLA (Osawa et al., 2013; Osawa et al., 2016; Su et al., 2018). Despite
these difficulties, farmers have been trying to re-cultivate their abandoned farmland in recent
years. Ito et al. (2016) analyze how land exchange institutions facilitate farmland use and
reverse abandonment. On a local scale, many case studies examine the process and drivers of
FLA by conducting field surveys and interviews. Farm household structures, labor conditions
(Morimoto, 1991), successors (Kuki and Takahashi, 1997), and agricultural management
strategies have been shown to be strongly correlated with FLA (Morimoto, 1993; Yukio, 2009;
Shoji, 2015). Such localized results illustrate farmers’ and farm households’ perceptions of
FLA in a developed country and how they vary across different spaces. However, few studies
of FLA focus on the regional level and take into account specific intraregional agricultural
characteristics, especially in western Japan. Hence, it is meaningful to clarify FLA in a regional
context, to discuss intraregional agricultural characteristics, and to formulate better

recommendations for farmland use.
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Post abandonment studies also have great meaning for FLA prevention and farmland
management. Renwick (2013) insisted that rather general agricultural policies which maintain
farmland in production are likely to be ineffective and inefficient to address the perceived
negative consequences of abandonment (Renwick et al., 2013). Thus, more detailed and
localized information about agriculture should be provided. Sang (2014) pointed out that spatial
data and technologies should be accessible to assist policy makers and should be used to
provide insights into the local impacts of current policy (Sang et al., 2014). On one hand,
attitudes towards abandoned farmland are rather negative, it being mainly associated with
insufficient use and desolation over the world (Renwick et al., 2013). But on the other hand,
the impacts of FLA are not unacceptable in all regions. Rey-Benayas et al. (2007) have
discovered that abandonment of farmland may also benefit humans such as with more values
from environment, biodiversity and wilderness (Rey Benayas et al., 2007). Whether it is good
or not in different regions, experts should be much clearer and make evaluations regarding

different situations, finally policy makers can manage the abandoned farmland more effectively.

1.3Research Aims and Scope

1.3.1 Research gaps

As stated before, most empirical studies have found that FLA has always occurred firstly in
hilly and mountainous regions. In Japan, there are many HMAs distributed widely throughout
the country, which are less accessible due to disadvantaged geographical condition. In these
areas, agriculture is difficult to maintain, and the shortage of labor cannot be supplemented
immediately due to the lack of agricultural successors, aging, and population outflow, among
other socio-economic factors. These factors are the prerequisite for the existence of high FLAR,
especially in rural mountain villages. On the other hand, Japan is one of the countries that is
experiencing high depopulation and aging population. The effectiveness of cultivation in
largely concentrated farmland and lack of young laborers in agriculture directly promote
abandonment.

To date, most studies on FLA were conducted in Europe, which experienced the most severe
situation of FLA in terms of areas and scale. More recent studies also put more emphasis on
developing countries such as in Central Asia and South America. In the context of Japan, first,
limited literature has evidenced FLA from a national scale. And most articles or materials have

been published only in the Japanese language. Second, this study also focused on intraregional

22



INTRODUCTION

and local context in West Japan, an area that has received less attention in the past three decades.
Third, this study is to the author’s knowledge, the first to rigorously compare FLA processes

with agricultural characteristics and try to find a future countermeasure for FLA.

1.3.2 Research questions

This study was conducted from national, regional, and local scales and research questions at
each scale are as follows:

From the national scale:

(1) What are the temporal and spatial patterns of FLA in Japan and its variations?

(2) How, and to what extent, do geographical and socio-economic determinants affect FLA?
(3) What are the spatial variations and determinants of FLA and why are there such variations?
From the intraregional scale:

(1) What are the spatial variations and patterns of agricultural characteristics in the Chugoku
and Shikoku region?

(2) What are the factors or causes of FLA when agricultural characteristics are considered as
independent variables instead of individual factors?

(3) What are the relationships between agricultural characteristics and FLA?

From the local scale:

(1) What are the roles of individual farm households in managing abandoned farmland and
maintaining agriculture in Japan?

(2) What are the roles of ICBFCs in managing FLA and maintaining local agriculture?

(3) What could be the promising countermeasures of FLA and how to manage future FLA?

1.3.3 Research objectives

This study focuses on national, regional, and local scales for the spatial patterns and regional
variations of FLA in Japan, and then finally tries to reveal its mechanism. The major objectives
are as follows:

From the national scale: assessing the current FLA in Japan and building a database of FLA
nationally, try to explain the spatial and temporal characteristics, determinants, and regional
variations of FLA, finally try to explore the mechanism of abandonment;

From the intraregional scale: exploring the intraregional agricultural characteristics of one

region and relationships to FLA, offer a new perspective to explain the process of FLA;

23



INTRODUCTION

From the local scale: trying to look for countermeasures of FLA from ICBFCs’ and individual
farm households’ perspectives, implementing some policies or taxation reforms;
Enhancing the understanding of FLA, its regional differences, and prevention of FLA by

making better farmland use suggestions.

1.4Research Framework

Household-related

) Self-sufficient farming Farmland-related
Geographical Farm laborers Arable land size
Mean slope Farm successors Paddy field density
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Figure 1-6 Conceptual framework of the research
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In Table 1-3 in 1.2.2, we reviewed the previous literature regarding FLA in different countries.

Results suggest the scale setting for the study of FLA normally divided into 3 categories which
could provide different results from different angles. Therefore, in this study the author
followed this rule and divided Japan into national, intraregional, and local scales respectively.

As shown in Figure 1-8, the process of FLA, its driving forces, and future countermeasures are
interlinked. FLA as a prevailing worldwide trend has been examined in the study. Bid rent
theory and Forest transition theory were taken into consideration when dealing with variable
selection and proposal of future management of abandonment.

First, from the national scale, chapter 3 focused on FLA from the national scale by considering
the former municipalities. Thus far, there is no nation-wide studies, though it is clear from
smaller studies that the causes and extent of abandonment are not the same across Japan and
vary both temporally and spatially. For the driving forces or determinants of farmland, this
study considers two aspects: geographical and socio-economic perspectives. For the
geographical aspects, the mean slope mainly affects FLA in the region. For the socio-economic
aspects, factors are divided into household-related and farmland related. All the factors
exhibited significant positive or negative correlations to FLA.

Second, from intraregional and local levels, the analysis focused more on the detailed
information to explain FLA. For example, on the intraregional scale, the intraregional
agricultural characteristics or structures were selected as determinants to explain FLA, which
could also evaluate agriculture development in different intraregional conditions.

On the local scale, the study explores the opinions of individual households and ICBFCs from
the local level. Based on the survey result and analysis, the findings were concluded by making
better agriculture management and farmland use suggestions considering government, ICBFCs,

and individual farm households.
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1.5Chapter outlines

This study focuses on national, intraregional, and local scales for the spatial patterns and
regional variations of determinants regarding FLA in Japan, finally reveals its process,
mechanism, driving forces, and effort to maintain agriculture and counter future abandonment.
Chapter 1 outlines a comprehensive introduction of FLA in Japan and worldwide, including
studies in land use / land cover change and rural studies. A detailed literature review is included
to illustrate the study on FLA in the world regarding different concepts, scales, methodologies,
and driving factors. In the next section, research questions and objectives are discussed to raise
the significance of this study. The final parts are the research framework and outlines.
Chapter 2 offers an explicit explanation of research data and methodology. Firstly, this chapter
introduces the study area and the selection of research scales. Secondly, the research data is
mentioned in regard to primary and secondary data sources (statistical data from the census of
agriculture, forestry and fishery; survey data from a case study of Hiroshima Prefecture). Lastly,
the research methodology in terms of the research framework and model design are introduced.
Chapter 3 on the one hand, reveals the spatial patterns of FLA from a national scale by
employing former municipalities from 1950s. The results outline the spatial patterns and
identify the clusters and low or high FLAR areas. On the other hand, the chapter explores how,
and to what extent, geographical and socio-economic determinants affect abandonment by
global and local regressions. These findings are essential for understanding the roles of selected
variables in abandonment in East Asia and the differences from other nations and their spatial
variations. This outcome generates a comprehensive understanding of abandonment associated
with local geographical and socio-economic circumstances across study regions and, therefore,
culminating in recommendations for future farmland use. This chapter is also a part of the
published paper in 2018, details can be found in (Su at el., 2018).

Chapter 4 focuses on Chugoku and Shikoku region which experienced the highest FLAR and
have a unique agriculture development by small scale farming. The chapter discusses the
agriculture characteristics and FLA that fully take into account of each particular regional
circumstance. Even though an increasing number of studies on FLA in other nations and Japan
have been reported, limited studies have been conducted on the intraregional differences

associated with agriculture dimensions over west Japan. Results offers a more detailed
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explanation of FLA in intraregional scale which cannot be well explained from the national
scale.

Chapter 5 focuses on the local level to explain FLA and its countermeasures by selecting
Hiroshima Prefecture as a case study. Individual households and incorporated community-
based farming cooperatives (In Japanese: Syuraku Einou Houjin) are targeted. Thus far, FLA
and the function of community-based farming in countering abandonment and promoting
agriculture development have not been well-understood. This chapter evaluates FLA at a local
scale. Particularly, the roles of community-based farm cooperatives and individual farm
households in preventing FLA are illustrated.

Chapter 6 discusses and concludes the main findings. Specifically, this chapter discusses FLA
associated with local geographical and socio-economic circumstances across study regions.
Some abandonment related policies have been reviewed, and recommendations for future
farmland management are suggested. Japan’s case is a suitable empirical example for the
supplemental understanding of FLA in general and for those who wish to thoroughly examine

agriculture in a heavily depopulated society.
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CHAPTER 2 RESEARCH DATA AND METHODOLOGY

This study is conducted from national, intraregional, and local scales to thoroughly examine
the issue of FLA in Japan. Abandoned farmland normally refers to farmlands that have not
been cultivated for one year and where there is no indication that it will be cultivated in
subsequent years (MAFF, 2015). I take this definition and calculate a farmland abandonment
rate (FLAR) to present and evaluate abandonment conditions, which can be expressed as:
FLAR = La/Lt (1

where FLAR refers to the farmland abandonment rate, La presents the total abandoned
farmland and Lt pertains to the total arable land.

Figure 2-1 (a-d) explicitly depicts the appearance of abandoned farmland in rural Japan, some
general characteristics of FLA can be concluded: first, most abandoned farmlands have
unfavorable accessibility. It can be noticed that most abandoned plots are near the mountainous
areas and are far away from major roads, irrigation systems, and agricultural machines. Second,
the abandoned farmlands are primarily located in unfavorable geographical conditions such as
slope and high elevation areas. Third, the abandoned farmland tends to be small in their size
and narrow shape, which constrains the cultivation. Due to the lack of management, they are

all covered by grasses or shrubs.
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(2) (b)

(c) (d)

Figure 2-1 Statues of abandoned farmlands in Japan (a-d)

Source: author.

2.10verview of Study Area

Japan is an island country located in the Pacific Ocean. It lies off the eastern coast of the Asian
continent and stretches from the Sea of Okhotsk in the north to the East China Sea and the
Philippine Sea in the south. It consists of four main islands: Honshu, Hokkaido, Kyushu and
Shikoku, and many small islands. The Japanese archipelago lies between latitudes 24° and 46°
N and longitudes 122° and 146°, with an area of 377,923.1 km2, of which mountainous areas
occupy 73% of the total land area and only 12% of the land is suitable for cultivation. This
region contains various kinds of landscapes, including flatland, HMAs, isolated island zones,
etc. (Osawa et al. , 2016). Japanese territory is located in a tectonic plate movement zone with
various physiographical phenomena. Therefore, the number of earthquakes and active
volcanoes is relatively high (Ministry of Internal Affairs and Communications Japan, 2015).
The main climate is a temperate marine climate, though the changes in the four seasons are

distinct, depending on the effects of seasonal winds and ocean currents.
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Japan is currently the third-largest national economy in the world, after the United States and
China. The agricultural sector accounts for about 1.19% of the total country's GDP!. Japan's
agricultural sector is highly subsidized and protected, with government regulations that favor
small-scale cultivation instead of large-scale agriculture as practiced in North America. Japan
has a total population of 127.11 million, according to the national population census in 2015,
and approximately 26.0% of the population is older than 65 years. There has been a growing
concern about farming as the current farmers are aging and struggle to find successors for their
farms. Japan is also the second-largest agricultural product importer in the world. Rice accounts
for almost all of Japan's cereal production. Due to the lack of arable land, a system of terraces
is used for farming in small areas. There are more than 2700 river basins. However, most rivers
are short and swift and flow erratically with little water available for use (FAO, 20006).
Therefore, farms have developed reservoir irrigation systems to utilize river and pond water
better, which is suitable for paddy rice fields in the lower plains.

Japan is now facing high depopulation, especially for municipalities where agriculture, forestry
and fisheries workers have larger shares, the population decreases much more rapidly (Figure
2-2). Moreover, in Japan, the farming population is mainly aging people. People whose ages
are over 65 years make up for 61 % of core persons mainly engaged in farming, while people
whose ages are less than 50 years old account for only 10 % (Figure 2-3). That leads to the fact
that the FLA area increases significantly because of the retirement of farmers. Therefore, it
become urgent to examine the mechanism, determinants, and countermeasures of FLA in Japan

based-on different scales and support agriculture activities in each specific context.

! https://www.theglobaleconomy.com/Japan/Share of agriculture/.
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Figure 2-2 Changes in municipal population indexes (By share for agriculture, forestry,
and fisheries workers)
Source: MAFF, based on "Population Projections for Japan by Region (March 2013)"
released by the National Institute of Population and Social Security Research).
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Figure 2-3 Core persons mainly engaged in farming by age group in 2013

Source: MAFF, Survey on movement of agricultural structure.

Over the course of Japan's economic growth, the share of employees in agricultural, forestry
and fishery has become lower and lower every year, and their GDP share has also declined.

Based on the statistical data of MAFF, the number of workers in the three industries decreased
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from 13.40 million in 1960 (30.2 % of the total workforce) to 2.23 million in 2016 (3.4 %), and
the GDP share of the industries fell from 12.8 % in 1960 to 1.6 % in 2016 (Ministry of Land,
Infrastructure & Land, 2018). Particularly, the share of agriculture industry in GDP has
dropped from 1.69 % in 1995 to 1.1% in 2015 (Figure 2-4).

1.8

1.6 1.69

L4 1.54

1.2 1.1

1
1.13 L1
0.8

0.6
0.4
0.2

0
(%) Year 1995 2000 2005 2010 2015

Figure 2-4 Agriculture share of GDP in Japan

Source: MAFF.

The share of different farmland types in total arable farmland area implies the current farmland
condition and Japanese agricultural structure. Until 2018, nationwide arable farmland area
(including both paddy field and cropland) was 4 397,000 hectares. Although there was a
slightly increase of total arable farmland due to regeneration from abandoned farmland,
diversion to residential area and other uses. As a result, the total areas decreased by 33,000 ha
(0.5%) compared to the previous year. Among which, the area of the rice paddy field was
2.933,000 ha, a decrease of 12,000 ha (0.5%) compared to the previous year. The area of
cropland was 24,000 ha, a decrease of 10,000 ha (0.5%) compared to the previous year (Figure
2-5). Agricultural production in Japan is dominated by rice production, though the
predominance of rice has declined in recent decades as land is diverted from rice by a diversion
program and because of the increase in the importance of commodities where proximity to

markets is important (making imports poor substitutes), such as flowers and vegetables.
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According to statistical data, rice accounted for almost 50% of agricultural production value in

1960, but only 23.1% till 2005, lower than vegetables (23.5%).

Cropland
26%

Paddy field

Total Arable 4%

land area
4,397,000 (ha)

Fruit field
6%

Figure 2-5 Area and ratio of farmland in Japan by type
Source: MAFFE 2018.

Table 2-1 clearly depicts the areas of arable land and their expansion and dilapidation?
situation in different Prefectures in 2017. At a national level, the rate of cultivated land is 11.9%.
The highest value was observed in Ibaraki Prefecture with 27.5%; Chiba and Saga Prefectures
followed with values of 24.4% and 21.3%, respectively. While, the lowest rate of cultivated
land was observed in Tokyo, with 3.1%. This is not surprising considering that Tokyo is the
largest city of Japan and is dominated by metropolitan areas. Kochi and Yamanashi/Gifu
Prefectures followed, with percentages of 3.9% and 5.3%, respectively. The arable farmland
area in Hokkaido has the highest level, which also indicates the prosperous agriculture
development and a different agriculture condition. The expansion and dilapidation of farmland
in Japan imply that the overall speed of dilapidation is faster than the speed of expansion. In

2017, the total area of dilapidation was 34,200 ha, which is much greater than the total area of

2 “Dilapidated Farmland” refer to a farmland that is not being actually cultivated, that has been
dilapidated due to abandonment, and that is objectively not arable through usual agricultural
practices.
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expansion, 4,840 ha. Such development also reflects the declining trend of agriculture and the

increase of FLA in Japan.

Table 2-1. Area of arable land, and expansion and dilapidation of farmland by

Prefecture (2017) (Ha)

Mt e b3S PEoR HNOBE
Area of cultivated land Percent- Expansion Dilapidation
HIE T IR wE H K age of H Pall 8] kil
Prefecture Total Paddy fields Fields culti-vated || Paddy Fields Paddy Fields
A Hh IO land fields fields
Fields proper |Attached dyke % 1)
2F Japan 4,444,000 4,267,000 177,300 2,418,000 2,026,000 11.9 3,340 4,500 16,600 17,600
Jt#giE  Hokkaido 1,145,000 1,127,000 17,900 222,300 922,700 14.6 36 701 389 1,560
HER Aomori 151,500 147,300 4,210 80,000 71,500 15.7 159 408 841 553
=P Iwate 150,500 142,500 8,000 94,300 56,200 9.9 20 30 210 180
IR Miyagi 127,800 123,200 4,550 105,500 22,200 17.5 450 270 599 906
Tk H Akita 148,200 142,800 5,400 129,500 18,700 12.7 11 133 610 276
1L Yamagata 118,400 113,400 4,990 93,600 24,800 12.7 2 153 646 476
=N Fukushima 141,700 136,000 5,750 99,700 42,000 10.3 229 36 883 822
K% Ibaraki 167,500 165,100 2,400 97,400 70,100 27.5 133 480 780 1,560
i Tochigi 123,900 120,600 3,320 96,800 27,100 19.3 151 157 313 288
R Gumma 69,500 67,000 2,470 26,400 43,100 10.9 21 63 433 1,090
B E Saitama 75,200 73,900 1,240 41,600 33,500 19.8 13 98 414 335
T-1E Chiba 125,700 122,100 3,600 74,000 51,700 24.4 4 12 244 366
T Tokyo 6,900 6,800 98 259 6,640 3.1 2 16 12 105
fpZ£3)1]  Kanagawa 19,200 18,700 539 3,760 15,500 7.9 2 7 37 186
HE Niigata 170,700 161,600 9,120 151,400 19,300 13.6 57 119 580 193
il Toyama 58,500 56,400 2,120 55,900 2,560 13.8 12 37 206 10
A1 Ishikawa 41,500 40,400 1,120 34,500 6,960 9.9 5 63 288 82
& H Fukui 40,300 39,400 989 36,600 3,760 9.6 7 18 140 24
1AL Yamanashi 23,800 23,100 773 7,920 15,900 5.3 38 101 104 202
£y Nagano 107,300 98,100 9,270 53,100 54,200 7.9 29 106 425 410
Iz B Gifu 56,300 52,900 3,360 43,100 13,200 5.3 47 106 379 140
| Shizuoka 66,400 64,100 2,320 22,400 44,000 8.5 120 169 251 742
B Aichi 75,700 72,100 3,600 43,000 32,700 14.6 2 17 332 313
= Mie 59,300 56,400 2,950 45,000 14,400 10.3 15 8 266 305
e Shiga 52,100 49,800 2,300 48,100 4,010 13.0 7 9 292 83
AR Kyoto 30,600 28,700 1,820 23,900 6,710 6.6 26 13 192 42
NI Osaka 12,900 12,400 567 9,140 3,790 6.8 28 43 209 9
TTJEE Hyogo 74,200 67,900 6,230 67,800 6,400 8.8 2 20 469 92
Py =) Nara 20,900 19,300 1,610 14,800 6,090 5.7 29 41 405 148
Fnaki L Wakayama 32,800 31,200 1,600 9,610 23,200 6.9 14 25 138 420
J=Nind Tottori 34,500 31,800 2,750 23,500 11,000 9.8 74 106 157 165
EAR Shimane 37,000 33,700 3,240 29,800 7,120 5.5 20 19 199 120
[ef] 1Ly Okayama 65,600 59,600 5,980 51,300 14,200 9.2 209 147 469 285
I B Hiroshima 55,300 50,100 5,190 41,200 14,000 6.5 8 0 169 226
iy s| Yamaguchi 47,700 43,200 4,450 39,100 8,530 7.8 10 7 226 182
e Tokushima 29,300 28,400 873 19,700 9,530 7.1 1 2 174 100
SN Kagawa 30,500 28,400 2,120 25,300 5,160 16.3 39 35 272 85
Tl Ehime 49,400 46,300 3,040 22,800 26,600 8.7 2 18 228 308
[l Kochi 27,600 26,100 1,510 20,800 6,770 3.9 3 5 189 71
FeAm| Fukuoka 82,600 78,700 3,870 65,700 16,900 16.6 43 51 822 597
Pt Saga 52,100 49,500 2,560 42,500 9,580 21.3 0 28 300 267
I Nagasaki 47,200 43,600 3,610 21,600 25,600 11.4 7 20 409 440
RE Kumamoto 111,800 103,900 7,910 68,600 43,200 15.1 1,220 68 336 1,100
K4y Oita 55,600 51,600 4,060 39,700 15,900 8.8 23 20 348 200
=g Miyazaki 66,800 63,400 3,370 36,100 30,700 8.6 - 58 635 222
HEIR B Kagoshima 119,000 111,700 7,340 38,000 81,100 13.0 1 8 605 736
T Okinawa 38,000 36,800 1,230 822 37,200 16.7 6 448 22 622

Source: Statistics Bureau, Ministry of Internal Affairs and Communications

Retrieved from https://www.stat.go.jp/english/data/nenkan/68nenkan/1431-08.html.
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To know the farm household structures can also help in understanding agriculture condition.
In Japan, the total set of farm households® consists of self-sufficient farm households*,
commercial farm households® and land tenure non-farm households. Agricultural management
entities® refer to the combination of commercial farm households, agricultural holdings other
than a farm household, and agricultural service enterprises. In 2015, the number of farm
households engaged in commercial farming was 1.33 million. Of these commercial farm
households, 33.3 % were full-time farm households, 12.4 % were part-time farm households,
and 54.3 % were part-time farm households (Table 2-2). There are two types of part-time
farmers. The first type part-time refers to households where at least one member is engaged in
non-farm employment and whose farm income exceeds their non-farm income, while the
second type is households where at least one member engages in non-farm employment and
whose non-farm income exceeds their farm income (Heller, 2016). Of the commercial farm
household members, 2.10 million people were engaged in farming as their principal occupation
(commercial farmers) in 2015, of whom 63.5 % were aged 65 years and over (Statistics Bureau,

2018).

3 Household engaged in farming and managing cultivated land of 10 Acres or more or earning
more than 150,000 yen per year from sales of agricultural products. (An acre is 100 square meters)
4 A farm household managing cultivated land of less than 30 Acres and earning less than 500,000
yen per year from sales of agricultural products.

5 Farm household managing cultivated land of 30 Acres or more or earning more than 500,000 yen
per year from sales of agricultural products.

6 An establishment that either performs agricultural production directly or on contract and fulfills
one of the following conditions: (1) manages 30 Acres or more cultivated land, (2) possesses a
planted area or cultivated area or a number of livestock being raised or delivered that is equal to or
greater than a predetermined standard (e.g. 15 Acres for outdoor grown vegetables, 350 square

meters for vegetables grown in facilities, one cow), (3) accepts farm work on contract.
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Table 2-2. Commercial farm households and commercial farmers

Commercial farm households (1,000) Commercial farmers
Part-time Aged 65
. Type 1 Type 2 ears and
Year Total Full-time Makl)nly api; ly (1.000) y o
farming other job ’ (%)
1995 2,651 428 498 1,725 4,140 43.5
2000 2,337 426 350 1,561 3,891 52.9
2005 1,963 443 308 1,212 3,353 58.2
2010 1,631 451 225 955 2,606 61.6
2015 1,330 443 165 722 2,097 63.5

Source: MAFF.

2.1.1 National scale

For the national scale analysis, this study considered the national context of Japan, including
47 Prefectures in 7 main regions: Hokkaido, Tohoku, Kanto, Chubu, Kinki, Chugoku Shikoku
and Kyushu regions (Figure 2-6). Research data were derived from the National Census of
Agriculture and Forestry in 2015 (in Japanese: 2015 Noringyo Census). Japan is the only
country in the world that has data to monitor the change of FLA every 5 years. Such data are
valuable to provide an explicit understanding of temporal variations and regional differences
of FLA. In addition, Digital elevation models (DEMs) are distributed by the Geospatial
Information Authority of Japan (GSI), with a spatial resolution of 10 meters. Geographical
variables were calculated from raster maps, whereas most socio-economic variables were
available and are displayed in the form of polygons at the former municipality level (Figure 2-
7).

There are two main reasons for selecting boundaries of former municipalities, in this case from
1950, at a national scale: Contemporary administrative units are too large to describe regional
variations in detail; in contrast, agricultural settlement units are too small to have sufficient
data support. However, there is a disadvantage in using former municipalities. In order to
preserve household privacy, the local government refused to provide real data of their exact
location because of the limited number of farm households in some regions. In the calculation,
the author carefully examined and excluded municipalities with limited data, and finally

retained 9368 municipalities.
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All the processes were calculated using SPSS Statistics 21.0 (IBM SPSS Japan: Tokyo, Japan),
ArcGIS 10.3 (ESRI Japan: Tokyo, Japan), and Geoda (the University of Chicago, Chicago,

USA) software packages.

eaeSeuey] H1
ooy, g1
vquyd 71
vuieyes |
ewuny ‘0]
1Bpoy 6
nDeteqr-g

ojuey| D

ewiysnyng L
ejedemex 9
Gy ‘¢
1B
Aey] ¢
Lowoy 7

nyoyoy I

OPIENMOH °T

oprespioy [

o T
s slsjawoy 009

Iy "€
eyjonzys ‘77
o Iz
ouesdeN 07
yseuewe X ‘61
myng ‘81
CARYIYST LT
vue£o] ‘9T
©UBIN ST

nanio [N

14203 "6€
Junyy 8¢

vueAeyeA 0¢ vmesey] L¢

CIEN 6T CUYSnyO L, *9¢
0304H "8T pPngewex ‘¢
eYesQ “LT Cuysoy ‘$¢
0)04y] 97 eweeyo ‘€€
eIy ‘7 dueuys ‘¢

SN HT Lonox “I¢

puy [ mjospiug myosnyo [

vMBUNQ “Lp
eunysosey] ‘9p
pezeSI “sp
elo ‘b
ojomewinyj ‘cp
njeseseN ‘7p
edeg I
wyjonyny "0y

nysnAy| I

HCALLERLICAR |

1SU0IZIY

puagan

Figure 2-6 Prefectures and regions of Japan

DEM: Geospatial Information Authority of Japan (GSI),

Source

https://fgd.gsi.go.jp/download/menu.php.
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Figure 2-7 Geographical characteristics of the former municipalities

Source: DEM: Geospatial Information Authority of Japan (GSI),
https://fgd.gsi.go.jp/download/menu.php; Road networks: National land numerical information
download service, http://nlftp.mlit.go.jp/ksj-e/jpgis/ipgis_datalist.html.
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2.1.2 Intraregional scale: case in the Chugoku and Shikoku region

For the intraregional scale analysis, this study selected the Chugoku and Shikoku region as a
research target as this region and experienced the highest FLA rate until 2015. The Chugoku
and Shikoku region is the combination of the Chugoku subregion (Chugoku-Chiho) located in
the westernmost part of Honshu island, and the Shikoku subregion (Shikoku-Chiho) which is
an isolated island just next to Chugoku subregion (Figure 2-8). In terms of administrative units,
the Chugoku subregion consists of the Prefectures of Hiroshima, Yamaguchi, Shimane, Tottori,
and Okayama that cover an area of about 31,900 km?. The Shikoku subregion covers about
18,800 km? and consists of four Prefectures: Ehime, Kagawa, Kochi, and Tokushima. The
Chugoku and Shikoku region is basically regarded as one region; however, Chugoku and
Shikoku subregions differ in their geographical composition (Figure 2-9). As regards elevation,
Chugoku and Shikoku subregions show remarkable differences. The mountain ranges in
Chugoku subregion run from east to west and stretch across the interior territory with gentle
slopes. In contrast, in the Shikoku subregion mountains are characterized by their bumpiness
and steepness (Kanzaka, 2009). In between, the Seto-Inland Sea functions as a belt separating
Chugoku and Shikoku subregions. Due to the variations of geographical conditions, agriculture
has exhibited great intraregional characteristics in different former municipalities and which

might be strongly connected to the FLA in this region.
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Figure 2-8 Location of study region (intraregional scale)

Source: MAFFE, DEM: Geospatial Information Authority of Japan (GSI),
https://fgd.gsi.go.jp/download/menu.php; Road networks: National land numerical information
download service, http://nlftp.mlit.go.jp/ksj-e/jpgis/ipgis_datalist.html.
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2.1.3 Local scale: case in the Hiroshima Prefecture

In the specific local-level case study, the targeted area is Hiroshima Prefecture, Japan (Figure 2-
10). Until 2018, Hiroshima Prefecture had the highest FLAR based on national agriculture census
(about 27.14%). There were 275 Incorporated Community-Based Farm Cooperatives (details will
be explained in the Chapter 5) (ICBFCs) in Hiroshima Prefecture in total’. The individual farm
households (24 households) and ICBFCs (275 ICBFCs) were targeted to conduct the main surveys.
Opinions from both individual farm households and ICBFCs support us to understand the issue of
FLA in Japan and try to look for promising countermeasures.

The general characteristics of agriculture development in Hiroshima Prefecture are as below:
Scale of agricultural management is relatively small, while the number of agricultural workers is
decreasing continually, and the abandoned farmland areas are increasing. In addition, HMAs
occupy nearly three-quarters of the Prefecture territories so that agriculture production conditions
are challenging. As a result, agricultural income is low compared with the nationwide level (Imai
et al., 2008). Agriculture in Hiroshima Prefecture has a great diversity due to variety of weather
conditions, such as snow-covered area along mountains in the north and temperate islands in the

south.

7 https://www.pref.hiroshima.lg.jp/soshiki/8 1/shuurakuhoujinnseturitujyoukyou20150316.html
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Figure 2-9 Location of study area (local scale)
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2.2Research Data

2.2.1 Data from the national scale

As stated in the introduction, determinants of FLA are usually assessed by different scholars
into environmental (natural) and socio-economic aspects (Rey Benayas, 2007). Environmental
factors refer to meteorological factors such as precipitation (Yamaguchi et al., 2016),
temperature (Prishchepov et al., 2013), ecological factors such as soil condition (Zhang et al.,
2014; Arika & Mazure, 2017; Londono et al., 2017), forest rate (Sang et al., 2014) and
geographical factors such as slope and elevation (Kolecka et al., 2017; Diaz et al., 2011; Pazar
et al., 2014). In Japan, meteorological factors have been discussed by Osawa (2016) at the 10
x 10-km? mesh scale (Osawa et al., 2016). For the national scale analysis: geographical
conditions that are available from former municipalities were considered, such as slope (Miiller
et al., 2013) and remoteness or accessibility (Diaz et al., 2011; Gellrich et al., 2007; Lieskovsky
et al., 2015). “X1: Mean slope”, “X2: Expressway density” and “X3: Railroad density” were
introduced to present the geographical condition of each municipality (Table 2-3). The
calculation utilizes the mean center of each municipality and projected the slope value onto the
center.

For the selection of socio-economic determinants: The theories used to explain FLA are based
on socio-economic conditions of human behavior or economic conditions (Prishchepov et al.,
2013; Gellrich et al., 2007). Socio-economic conditions are difficult to measure, and sometimes
researchers cannot cover all the situations. MAFF usually conducts its census based on farm
households, to represent the condition in the municipality. To abandon farmland or not is
usually a household decision that depends on the household and farmland characteristics (Li &
Li, 2017; Rey Benayas, 2007). In this study, socio-economic factors were categorized into
farm-household-related and farmland-related groups (Table 2-4). To describe the household
land tenure structure, “X4: Arable land ratio of self-sufficient farm households” and “XS5:
Arable land ratio of land tenure non-farm households” were selected. Self-sufficient
households potentially produce and consume the agricultural products themselves, while non-
farm households have lower utilization of their farmland. Both types are considered to be more
likely to abandon their farmland than households that are fully engaged in agriculture. “X6:
Arable land area per farm household”, which shows the household farming scale (Ito et al.,
2016), was also included. To evaluate the farm household, “X7: Ratio of the first type of part-
time farm households” was selected to evaluate the farm households’ income structure

(Morimoto, 1993). There are two types of part-time farm households, the first type means
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households where at least one member is engaged in non-farm employment and whose farm
income exceeds their non-farm income, while the second type denotes households where at
least one member engages in non-farm employment and whose non-farm income exceeds their
farm income (MAFF 2010). This analysis evaluated farm households’ laborers and successors
to represent their labor situation. Households with insufficient agricultural laborers and a lack
of successors were found to be inclined to abandon their farmland (Pazur et al., 2014; Zhang
et al., 2014). Consequently, “X8: Laborers per farm household” and “X9: Ratio of non-
successor farm households” were selected.

For farmland-related variables, land tenancy and its extent were mainly considered. An
empirical study on FLA showed that the leasing of farmland could be a promising measure to
prevent abandonment (Kawashima, 2010). “X10: Ratio of leased (tenanted) land” and “X11:
Ratio of leased-out land” were therefore selected to test this assumption. In Japan, the majority
of arable land is rice paddy fields, which have a profound connection with FLA (Fukamachi,
2017). As a result, “X12: Paddy field density” was selected as an essential variable. Table 4
shows the socio-economic variables and their description for the evaluation of socio-economic
conditions in each municipality. Variables from 2010 and 2015 were available as study periods,
while this study displayed data from 2015, which are closer to the current situation, and data

from 2010 were used for verification.

Table 2-3. Explanatory determinants (Geographical factors) (2015) (N=9368)

Type of Variable Description Min Max Mean SD
Dependent variable (Former municipality
level, N =9368)
Y FLAR Abandoned land area/(abandoned land 0 100 21.31 17.83

area + total arable land area) (%)

Independent variables
(Former municipality level, N = 9396)
Geographical factors:
X1 Mean slope (meters) To define the steepness 0 38.84 13.20 9.85
X2 Expressway density To describe access by the expressway 0 2.120.047 0.11
(kilometers/square kilometers)
X3 Railroad density (kilometers/square To describe access by railroad 0 11.85 0.050 0.20
kilometers)
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Research Data and Methodology

Type of Variable Description Min Max Mean SD

Independent variables (Former municipality

level, N = 9368); Socio-economic factors:

Farm household related:

X4 Arable land ratio of self-sufficient farm Self-sufficient household arable land 0 100 1530 17.57

households (TH) area/total arable land area (%)

X5 Arable land ratio of land tenure non-farm Non-farm household arable land 0 100 25.12  73.04

households (TH) area/total arable land area (%)

X6 Arable land area per farm household (TH) Total arable land area/total farm 0.08 107.78 1.27  3.49
households (ha)

X7 Ratio of the first type of part-time farm The first type of part-time farm 0.51 75 11.78 7.46

household (BH) household/total farm households (%)

X8 Laborers per farm household (BH) Total agricultural laborers/total farm 0.25  3.78 1.53 036
household (people)

X9 Ratio of non-successor farm households Farm households without 11.11 100 71.02 11.66

(BH) successors/total farm households (%)

Farmland-related factors:

X10 Ratio of leased-in land (ME) Leased (tenanted) land area/total 0 100 35.52 19.36
arable land area (%)

X11 Ratio of leased-out land (ME) Leased-out land area/total arable land 0 100 578 5.93
area (%)

X12 Paddy field density (ME) Paddy field area/total arable land area 0 100 71.08 28.45

(%)

TH: Data were derived from total farm households; BH: Data were derived from

commercial farm households; ME: Data were derived from total agriculture management

entities. Source: Variable data: Ministry of Agriculture, Forestry and Fishery (MAFF),

http://www.maff.go jp/e/index.html; DEM: Geospatial Information Authority of Japan (GSI),

https://fgd.gsi.go.jp/download/menu.php.

2.2.2 Data from the Intraregional scale

From the intraregional scale, this study carefully examined and excluded municipalities with

limited data, and finally retained 9368 municipalities in the study region. All the processes

were calculated using SPSS Statistics 21.0 (IBM SPSS Japan: Tokyo, Japan), ArcGIS 10.3

(ESRI Japan: Tokyo, Japan), and Geoda software packages.

To evaluate the impact of agricultural characteristics on FLA, this analysis collected factors

regarding agricultural characteristics in the Chugoku and Shikoku region. Based on previous

studies and understanding the agriculture context in the region, 25 variables or attributes were

finally extracted from the region via the 2015 census of agriculture and forestry (Table 2-5).

Three types of farm units were taken into consideration: total farm households, business farm

households, and total agriculture management bodies.
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For many years, MAFF conducted surveys of “individual farm households” that mainly
engaged in agriculture to represent the average situation across the municipality. However, in
recent years, the number of organizations, companies, and agricultural cooperatives engaged
in farming has increased, and it has become difficult to understand the entire agricultural
structure by focusing solely on farm households. Therefore, in 2005, the concept of
“agricultural management body,” which refers to both agricultural management (family
management body) by households and organizational management (organization management
body) such as companies and agricultural corporations, was introduced (MAFF, 2015). Table
2-3 provides the definitions of the variables along with descriptive statistics. For the data
analysis, the former municipalities in 1950 were selected as sample units, similar to the
agricultural census.

As the independent variables differ in range of variance, a normalization technique was applied
to transform each variable in the dataset to a specific range (0—1); it is thus essential that the
data be normalized prior to the implementation of principal component analysis (PCA) (Uddin
et al., 2019). In this study, before statistical analysis, normalization was conducted using the

following equation:

Xi = Xi—Xmin
~ Xmax—Xmin (1)

Where, Xi is an observed value in an array of observed values for a variable; Xmax is the highest

value in the same array; Xmin is the lowest value.
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Table 2-5. Description of variables for assessing agricultural characteristics and FLA (N=2354)
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Type of variables Description Min Max  Mean S.D.
Dependent variable Abandoned land area / (abandoned land area + total 0 100 27.12 18.25
B. FLAR (TH) arable land area) *100 (%)

Independent variables

Al Forest rate Forest land area/Total land area*100 (%) 0 99 60.67 25.71
A2 Arable land ratio of self- Self-sufficient household arable land area / total 0 100 19.56 18.75
sufficient farm households arable land area*100 (%)

(TH)

A3 Arable land ratio of land Non-farm household arable land area / total arable 0 100 20.83 14.63
tenure non-farm households land area *100 (%)

(TH)

A4 Arable land area per Total arable land area / total farm households *100 0 3 0.64 0.33
household (TH) (Ha)

A5 Ratio of business farm Business farm households / Total farm 2 100 54.85 20.26
household (TH) households*100 (%)

A6 Share of land tenure non- Land tenure non-farm households / Total farm 5 940 76.45 81.16
farm household (TH) households *100 (%)

A7 Ratio of the first type part- The first type part-time farm households / total 1 67 8.93 5.82
time farm households (BH) farm households*100 (%)

A8 Ratio of the second type The second type part-time farm households / total 2 100 54.37 16.06
part-time farm households farm households *100 (%)

(BH)

A9 Farmer’s average age Total farmers average age (years old) 48 81 69.60 3.28
(BH)

Al10 Labors per farm Total agricultural laborers / Total farm households 0 3 1.45 0.29
household (BH) (People)

All Ratio of workers below Younger than 65-year-old worker / Total 0 100 33.08 10.91
65 years (BH) agriculture workers

A12 Ratio of non-successor Total farm households without successors / total 17 100 74.89 11.36
farm households (BH) farm households *100 (%)

Al3 Solely rice production Rice production farm households / total farm 0 100 60.92 26.63
farm household rate (BH) households *100 (%)

Al4 Solely vegetable Vegetable production farm households / total farm 0 94 9.63 14.64
production farm household households *100 (%)

rate (BH)

A1S5 Solely fruits production Fruits production farm households / total farm 0 100 18.65 26.95
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farm household rate (BH) households *100 (%)
Al6  Solely  husbandry (Dairy single + beef cattle single + pig single + 0 95 1.34 4.15
production farm household chicken single + sericulture single + other livestock
rate (BH)

single ) / total farm households *100 (%)
Al7 Combined management Number of combined management farm O 40 4.98 4.26
farmers rate (BH) households / total farm households *100(%)
A18 Ratio of leased-in land Leased-in land area / total arable land area *100 0 100 30.34 17.02
(MB) (%)
A19 Ratio of leased-out land Leased-out land area / total arable land area*100 0 85 5.34 5.83
(MB) (%)
A20 Paddy field rate (MB) Paddy field area / total arable land area *100 (%) 0 100 74.30 26.11
A21 Crop land rate (MB) Crop land area / total arable land area *100 (%) 0 100 14.16 16.34
A22 Fruit land rate (MB) Fruit land area/ total arable land area*100 (%) 0 100 13.72 23.64
A23Rice commissioned work Rice commissioned work management entity / 0 45 7.44 4.70
management body rate (MB)  Total management bodies *100 (%)
A24 Rate of farm households More than 10-million-yen sales value farm 0 100 4.03 7.23
with more than 10 million yen household / total farm households *100 (%)
in sales (MB)
A25 Share of agriculture Agriculture management bodies with less than 1 ha 0 100 33.03 18.01

management bodies with less
than 0.5 ha farmland (MB)

farmland / Total agriculture management bodies
*100 (%)

TH: data is derived from total farm households; BH: data is derived from business farm

households; MB: data is derived from total agriculture management bodies

Source: Ministry of Agriculture, Forestry and Fishery (MAFF), http://www.maff-go.jp/e/index.html.

2.2.3 Data from the local scale

Sera city (Figure 2-9) was selected as a target because agriculture in terms of community-based
farming were developing rapidly in recent years. Through the evidence from Sera town, we
can know how local farm households preserve agriculture and deal with FLA. Research data
for the local scale are chiefly derived from surveys (Table 2-6). The first survey targets on
people who come to Sera roadside station for travelling and shopping (N=101). The second
survey targets on individual farm households in ICBFCs including 24 households:
Kirarikariyama (15 households) and Kurohada (9 households) (Figure 2-11). The survey
consists of two major objectives: for the first survey, the author investigated local people

opinions by asking questions regarding FL A including its determinants, people’s attitudes and
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future plan. The 101 respondents were not only limited to local people; it was randomly
selected from people who went to Sera roadside station on the survey date. Questions include
their personal information (such as age, gender, educational background, family etc.),
consumption preference (frequencies, means of transportation, place) and their attitude toward
FLA and future agriculture development (Appendix IX). For the second survey, it was
conducted in individual farm households. The survey included information from four
perspectives: personal information of respondents such as name, age, gender and the
relationship with household head, household members, plan and purpose of doing agriculture,
reasons of FLA and future successors etc., and basic information regarding farmland including
leased and lease out farmlands (Appendix X). Such information can reflect the situations of

individual farm households and their contribution to the local agriculture development.

ik

Figure 2-10 Questionnaire survey of individual farm households in Sera town, Hiroshima

Prefecture

Source: author.

Table 2-6. Questionnaire survey of individual farm households in Hiroshima Prefecture

Survey Geography lab, graduate school of letters, Hiroshima University
organization
Objective Farm households and people in Sera, Hiroshima Prefecture

Survey period  June 2017 and February 2018.
Survey method By visiting Sera town, Hiroshima and distributing questionnaire
For farm households, questions include their family information and
Questionnaire  opinions on agriculture and FLA
For people in Sera roadside station, questions are about their
awareness of FLA.

Response rate 24 farm households and 101 people in Hiroshima Prefecture
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To achieve the research goals and fully understand how ICBFCs contribute to maintaining local
agriculture and management of FLA, this analysis selected Hiroshima Prefecture as a case. For
the local scale analysis, research data come from secondary statistical data by national
agriculture census and questionnaire surveys. The Questionnaire survey was conducted in
March 2019. The structured questionnaire aimed to capture the current situations of ICBFCs
and their efforts to maintain local agriculture and to manage FLA. All the 275 ICBFCs were
targeted in Hiroshima; 11 questionnaires were declined, and 168 questionnaires were
successfully received and answered by 168 ICBFCs’ representative person. The 168 samples
mean that the proportion of the collected samples in the overall ICBFCs is 61.1% (Table 2-7).
The questions of the survey consist of four parts (Appendix XI): first, questions relate to the
basic information of ICBFCs were asked such as their name, year of establishment,
management scale and the number of employees etc. Second, questions regarding FLA were
asked to grasp the situation of FLA in the region and to know the opinions of local people of
abandonment and agricultural development. Third, the connections and surrounding
environment of ICBFCs were evaluated by asking questions of their frequencies of workshops,
workshop themes, merits and demerits and future plans. At last, the information of
representative person was acquired, which allows us to know the current status of ICBFCs and
their effort to maintain local agricultural development comprehensively. Figure 2-12 depicts
the change of the number of ICBFCs and until 2018. From 2005 to 2018, the number of ICBFCs
experienced a rapid increase and there were 275 ICBFCs in Hiroshima Prefecture in 2018. The
characteristics of the representative persons of ICBFCs are summarized in Table 2-8. Among
all the respondents, 42.2% are aged 70—79 years, and 35.6% are aged 60—69 years; the most
common education level is high school (49.7%), followed by junior college (20.3%) and
university or above (17.8%). In addition, 99.4% of ICBFC representative persons are male and

their household type is dominated by couple type (62.9%).
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Table 2-7. Questionnaire survey of ICBFCs in Hiroshima Prefecture

Survey Geography lab, graduate school of letters, Hiroshima University
organization

Objective Total 275 ICBFCs in Hiroshima Prefecture

Survey period March to April 2019.

Survey By post, presentative person will answer the questionnaire and send it
method back

Questionnaire There are total 28 questions (basic information, business statues,
future plans, representative person etc.)

Response rate 168 questionnaires have been received. Response rate is 61.1%

Table 2-8. Basic information of representative persons of ICBFCs (N=168)

Individual characteristics Percentage (%)
Male 99.4
Sex Female 0.6
<30 years old 0.6
30-39 years old 0.6
40-49 years old 2.4
Age 50-59 years old 5.4
60-69 years old 35.6
70-79 years old 42.2
Above 80 years old 13.2
Secondary school 3.1
High school 49.7
Education level Junior college 20.2
University or above 17.8
Others 9.2
Single 3.1
Household Type Couple 62.9
Couple and children 10.7
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Figure 2-11 Change of the number of ICBFCs in Hiroshima Prefecture

Source: MAFF

2.3Methodology

As a geographical phenomenon, FLA is spatially autocorrelated and exhibits different temporal
and spatial characteristics over time and space (Zhang et al., 2014). This study employs both
qualitative and quantitative methods to analyze the data and research design can be divided
into three stages (Figure 2-13). The first stage is literature review, which aims to clarify the
research background and research designs. Second stage is quantitative stage, which focuses
on statistical analysis and surveys to formulate a significant understanding of the determinants
of FLA. Third stage is qualitative stage, which provides the interpretation and feedback of the

statistical results.

52



Research Data and Methodology
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Figure 2-12 Research designs

For the qualitative analysis, literature review was conducted to know the trends and histories
of studies on FLA. Secondly, field surveys were carried out, which includes questionnaire
surveys and structured and semi-structured interviews. Such field surveys allow us to know the
real local situations and provide rich information which cannot be cited from existing studies.
Questionnaire surveys and interviews are necessary for understanding the issue of FLA from
people’s perspective.

Quantitative data processing and data analysis methods were employed to provide a
comprehensive understanding of FLA, the individual statistical tests/tools are discussed in

sections 2.3.1-2.3.4:

2.3.1 Multiple linear regression (MLR)

Multiple regression analysis is a highly flexible method for examining the relationship between
independent variables and a dependent variable (Kemp, 2003). In reality, it is necessary to
consider two or more influential factors as independent variables for explaining the changes in

a dependent variable; this is what is meant by multiple regression. When the relationship
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between multiple independent variables and the dependent variable is linear, it is called
multiple linear regression (MLR), which is also known as ordinary least squares and can be
expressed as:

Pi=Bo+x1fr +x2B2 + -+ xBi & (2)
where i is the number of variables, [5; is the regression coefficient value, and ¢; is the
random error. We use MLR in our research to find out the determinants of FLA from global
regressions.

2.3.2 Geographically weighted regression (GWR)

Recently, the simple but powerful method of geographically weighted regression (GWR) has
been widely used to explore continuously varying relationships at multiple scales. It can be
applied in various fields, such as ecology, economy, land-use studies, social studies, and
environmental studies (Tu, 2011). GWR estimates the parameter for each location (u;, v;) using

a weighted least squares method, which can be expressed as:

P
9 = Bo(uy, v;) + z B (uy, vi)xy + &, (3)
k=1

where (u;, v;) represents the coordinate location of the observation i, S (u;, v;) represents
the regression parameters, and ¢; is the random error.
The weight matrix is expressed as W(;, and according to the principle of the weighted least

squares method, the original parameter at location i is estimated as:

AW = XTWHX]XTW(@)Y. )
where
T X o Xp Y1
We = X=|" "2 7 2| angy = 2|
i x;n xz'm Yn

GWR was employed to effectively visualize and identify how each determinant influences

FLA and to describe local variations.

2.3.3 Principal component analysis (PCA)

PCA is a popular method used in many disciplines to describe patterns of variation within a
multi-dimensional dataset and is one of the simplest and most robust ways of accomplishing
dimensionality reduction (Abdi & Williams, 2010). PCA uses an orthogonal transformation to

convert a number of potentially correlated variables into a set of uncorrelated variables called
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principal components (PCs). These components capture the variability in the original data
(Abson et al., 2012; Uddin et al., 2019). The data capturing processes continue with additional
PCs until all original data are fully captured (Teffera et al., 2018); the final number of PCs is
determined based on eigenvalues (Zeinalzadeh & Rezaei, 2017). In the study, we use PCA to
reduce the number of variables while providing the useful information of the original dataset.

The PCs in the case describe the agricultural characteristics.

2.3.4 Local Moran’s I

There are two primary types of spatial autocorrelation that are relevant to regression analysis:
global and local spatial autocorrelations. Anselin (1995) proposed local Moran’s I as a measure
of local spatial autocorrelation to address the issue that global spatial autocorrelation cannot
accurately quantify relationships in all parts of a study area in sufficient detail (Anselin, 1995).
It is reasonable to assume that spatial patterns observed in closely spaced data are more likely
to be similar than those that are further apart. Values of Moran’s I vary from —1 to 1, where a
value near 1 indicates spatial clustering, while a value near —1 indicates spatial dispersion.

Local Moran’s I was defined as:

n Xy Xher Wi (g — X) (i — X)
S n(y—X)°

Moran's I =

: (5)

where n is the total number of municipalities, X is the mean of x, Wji is the weight between

cases j and £, and S is the sum of all Wj,:

S: ZI/V]k

n n
j=1k=1
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2.4Summary

This chapter has presented the research frameworks, study areas, data and methodologies. All
the methodologies are combined and contribute to a better understanding of FLA at the three
scales. The study adopted a mixed-methods approach, with qualitative and quantitative stages.
Research design follows a sequential scale division, from the national, regional (intraregional)
to local scales. The three scales provide rich information in terms of FLA and its mechanism.
Results and explanations are not separated but complement each other in space and contents,
and finally contributing to a comprehensive understanding of FLA in Japan.

For the data analysis, the author utilized the census data and questionnaire data from the three
surveys. The census data were employed from the national and regional scales to explore the
FLA at the macro scale. To fit with the features of the data, a variety of modeling approaches
are applied to find the determinants of FLA. The questionnaire surveys emphasized the
opinions of individual farm households and ICBFCs to investigate the FLA at the micro scale.

The analyses and details of findings are further explained in chapter 3, 4 and 5.
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CHAPTER 3 SPATIAL PATTERN AND DETERMINANTS OF

FLA

The spatial pattern of land use and land cover change (LULCC) and its driving forces or drivers
of landscape change has been evolving over the past two decades and has attained an
indispensable position in LULCC research (Ye & Fang, 2011; Kanianska et al., 2014; Mallinis
et al., 2014; Vinogradovs et al., 2018a). Through modifying structures and functions of
terrestrial ecosystems, LULCC significantly affects ecosystems’ goods and services for human
needs, subsequently influencing sustainable development (Le, 2005). The rapid socio-
economic and institutional changes may accelerate LULCC or shift land use to a new mode
(Prishchepov et al., 2013). On the one hand, the transformation of land use and cover is a
significant component for regional studies and for understanding the dynamics of
environmental/socio-economic changes and human activities which may influence such
transformation (Valbuena et al., 2010; Parcerisas et al., 2012). For sustainable utilization of the
land ecosystems, it is essential to know the explicit spatial patterns of LULCC (Shoyama &
Braimoh, 2011), extent, and location, as well as quality, productivity, suitability and limitations
of various land uses (Sohel et al., 2011; Beilin et al., 2014). On the other hand, in addition to
have a spatially explicit understanding of existing and predicted land cover changes, the
knowledge of their underlying drivers is also important for future planning, managing land and
sustainability (Etter et al., 2006; Baumann et al., 2011). Therefore, in this chapter, the spatial
pattern and determinants of FLA in Japan are discussed.

Japan’s agriculture is currently standing at the crossroads with the problems of aging and
depopulation, rural deprivation (Okahashi, 1986), particularly in HAM areas (Shimizu, 2017).
Thus, the future direction of Japanese agriculture is unclear for both farmers and the
government. FLA, as a global issue, is accumulating in Japan, which became a big challenge
for Japanese agriculture development. Different regions in Japan have experienced
discrepancies regarding agriculture development and degrees of FLA. For regions with good
agricultural condition such as Hokkaido, agriculture development is prosperous and with low
level of FLA. In contrast, for regions where agriculture is facing many issues, agriculture is
declining rapidly with increasing FLAR year by year. After outlying a national map of FLA, it
is necessary to examine its regional differences which could have been induced by different
driving forces during different periods in history and related political systems. And a close

monitoring of land use by planners is necessary for prompt mitigation of the adverse effects of
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dramatic land change (Shoyama & Braimoh, 2011). To the author’s knowledge, this is the first
research that a national FLA map has been displayed. Additionally, local and global regression
methodologies have been employed to explain FLA drivers at a national scale. The major
objectives of this chapter are as follows:

(1) To identify the temporal and spatial patterns, and variations of FLA. The results can outline
the spatial patterns and identify the clusters and low or high FLAR areas. Such results allow us
to have an overview of FLA in Japan and to be aware of its trends;

(2) To explore how and to what extent, geographical and socio-economic determinants affect
FLA by global regression. These findings are essential for understanding the roles of selected
variables in FLA in Japan and the differences from other nations;

(3) To discuss the regional differences and spatial variations of determinants using local

regression.

3.1Temporal and Spatial Characteristics of FLA

3.1.1 Temporal characteristics of FLA

From Prefecture-wise, FLA exhibits some differences, however, the overall trend of FLAR is
increasing. Table 3-1 clearly displays the FLAR in different Prefectures and their temporal
variations from 2005 to 2015. At a national level, the FLAR increased from 9.66% to 12.14%
over the 10-year period. In 2005, the highest value was observed in Nagasaki Prefecture with
27.13%; Yamanashi and Gunma Prefectures followed with values of 23.41% and 20.86%,
respectively. In 2015, the highest FLAR was observed in Hiroshima Prefecture, i.e., 27.14%,
followed by Yamanashi and Nagasaki Prefectures, with values of 26.85% and 26.72%,
respectively. The FLAR in Hokkaido, Japan’s most important agricultural region, was the
lowest in all three years. Saga Prefecture witnessed the highest increase in the FLAR (8.39%),
followed by Kagawa Prefecture with an increase of 8.34%. Only Okinawa and Nagasaki
Prefectures experienced a slight reduction in terms of the change in the FLAR. Many
Prefectures experienced a higher FLAR over time, which indicates that the scope of the impact

of this issue is still broad.
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Table 3-1. FLARs in Japan by Prefecture, from 2005 to 2015.

Pref FLAR FLAR FLAR 2200015_ Pref FLAR FLAR FLAR 2200015_
N:i;ect“re 2005 2010 2015 Chansge Nﬁneect“re 2005 2010 2015 Chansge

(%) (%) (%) %) (%) (%) (%) %)
Hokkaido 197 184 203 0.05 Shiga 429 491  6.20 1.92
Aomori 11.73 1276 15.54 3.82  Kyoto 985 1123 13.36 3.51
[wate 9.68 12.01 1597 629  Osaka 1474 15.04 16.50 1.76
Miyagi 725 915 1225 500 Hyogo 780 927 12.03 4.22
Akita 506 605 816 3.10 Nara 18.50  19.04 21.19 2.69
Yamagata 6.04 7.67 879 275  Wakayama 12.11 1429 16.80 4.70
Fukushima 1491 15.67 2040 549  Tottori 11.15  12.51 14.57 3.42
Ibaraki 1370 1470 1751  3.82  Shimane 1839 2040 24.09 5.70
Tochigi 739 793 977 239 Okayama 16.89 18.60 21.14 425
Gunma 20.86 22.07 24.19 3.33  Hiroshima 2033 2326 27.14 6.81
Saitama 1649 17.42 19.23 2.74  Yamaguchi 1731 20.71 25.12 7.80
Chiba 1547 16.61 19.12 3.64  Tokushima 1590 16.63 18.81 2.91
Tokyo 1480 1454 1628 147 Kagawa 1531 18.64 23.65 8.34
Kanagawa 14.33 15.03 1624 190  Ehime 19.15 2195 24.65 5.50
Niigata 588 646  7.69 1.81  Kochi 1568 16.67 1838 2.69
Toyama 464 572  7.68 3.04 Fukuoka 8.86 10.64 11.30 2.44
Ishikawa 1535 1731 1875 339  Saga 8.48 1528 16.87 8.39
Fukui 467 594 749 282  Nagasaki 2713 2595 2672  —0.41
Yamanashi 23.41 24.51 26.85 3.44 Kumamoto 11.94 13.43 14.72 2.78
Nagano 17.46 1874 1974 227 Oita 16.15 17.84 1991 3.76
Gifu 11.56 12.66 1639 4.83  Miyazaki 831 858 10.19 1.88
Shizuoka 18.52 2029 22.60 4.08 Kagoshima 12.65 12.69 13.29 0.65
Aichi 1328 13.06 1487 1.59  Okinawa 1089 1054 935  -1.54
Mie 1297 1394 1645 3.49  National 9.66 10.56 12.14 2.48

Source: Ministry of Agriculture, Forestry and Fishery (MAFF),
http://www.maff.go.jp/e/index.html.

3.1.2 Spatial patterns of FLA

Besides its temporal characteristics, its spatial patterns also help to understand the development
of FLA in the study region. FLA was distributed in an uneven pattern over the seven regions
in Japan. Figure 3-1 (a-b) shows the FLARs and their spatial distribution in 2010 and 2015. In
Hokkaido, farmland remained stable, and only a few areas experienced a FLAR higher than
40%. In the Tohoku, Kinki and Kyushu regions, the situation was also less serious than in some
other high-elevation regions. In the Tohoku region, the area with a high FLAR was mainly
distributed along the eastern coastal region. In the Kinki region, northern Kinki had a very low
FLAR, while southern Kinki showed a different pattern, with many high FLAR areas. The

Chugoku Shikoku, Kanto, Kyushu, and Chubu regions exhibited a serious situation of
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abandonment, with many high FLAR areas. In the Chugoku Shikoku region, FLA tended to be
severe in coastal areas and on small isolated islands in Seto Inland Sea. This was very similar
to the Kyushu region, where abandoned farmland was predominantly located in western coastal
island areas in Nagasaki and Kumamoto Prefectures. In the Kanto region, abandoned farmland
had a distinct radial distribution with the Tokyo metropolitan area at the center. Abandoned
farmland was dominantly distributed around the peripheral areas of the Kanto region,
especially in northwestern regions of the Ibaraki, Gunma, and Saitama Prefectures. The Chubu
region is under the influence of the Japanese Alps and has many high FLAR areas. Compared
with the data from 2010, the abandoned area in 2015 (Figure 3-1 (c)) exhibited an increase
(>50 ha) in Kanto, north of Tohoku, Hokkaido, and part of the Chugoku/Shikoku regions, but
exhibited a decrease (<50 ha) mainly in northern Chubu in Niigata Prefecture and Tohoku
region because of the good farmland conditions to secure a stable agriculture development. In
this study, data from 2005 and before were not compatible with those from 2010 and 2015
because of the change in the municipality codes. Future research can investigate longer time
phases for this trend as well as simulations and predictions of future FLA. For detailed

information of FLAR and FLA areas in 7 regions, refer to Appendix I-VIL
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Figure 3-1 (a) FLAR in Japan in 2010; (b) FLAR in Japan in 2015; (¢) Changes in farmland
abandoned areas (ha)

Source: MAFF.
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3.1.3 Spatial autocorrelations

To visualize the spatial features of FLA in 2010 and 2015, we calculated Moran’s I and outlined
local indicators of spatial association (LISA) statistics to present data non-stationarity or
hot/cold spots of FLA (Anselin, 1995; Ord & Getis, 1995). Moran’s I indices of FLAR were
0.669 for 2010 and 0.554 for 2015, both of which were significant at the p<0.001 level. Results
indicated that FLA in Japan is positively spatial-clustered, although the level of FLAR has
decreased. With respect to LISA statistics, high-high agglomeration municipalities or hot spots
were chiefly distributed in the western Kanto region, Chubu region, southern Kinki region,
coastal areas of the Chugoku Shikoku region and the Kyushu region. Low-low agglomeration
municipalities or cold spots were mostly located in the Hokkaido, Tohoku, and northern Kinki
regions in 2010 (Figure 3-2(a)). By 2015 (Figure 3-2(b)), the number of high-high
agglomeration municipalities increased from 1029 to 1171, and low-low agglomeration
municipalities decreased from 2384 to 2164, indicating that the trend of FLA increased from
2010 to 2015. Low-high and high-low agglomeration municipalities displayed a scattered

distribution in both periods.
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Figure 3-2 Spatial autocorrelation of the FLAR in Japan for 2010 and 2015 (a) 2010; (b) 2015.

Source: Author.

3.2Determinants and Regional Variations of FLA

3.2.1 The major determinants of FLA in Japan

As stated in the introduction, determinants of FLA are usually assessed by different scholars
into environmental (natural) and socio-economic aspects (Rey Benayas, 2007). This study also
followed this classification and selected most of variables based on theories and previous
studies.

Of the Geographical variables tested, mean slope positively correlated with FLA. For socio-
economic variables, household-related variables such as arable land ratio of self-sufficient farm
households had the most significant (positive) impact on FLA. Ratio of non-successor farm
households and laborers per farm household also positively affected abandonment, and the
impacts were significant at the 0.01 level. In contrast, arable land area per household had a
negative effect on FLA. For farmland-related variables, paddy field density had a significant

negative impact on abandonment (Table 3-2).

65



Spatial Pattern and Determinants of FLA

Prior to regression analysis, Pearson’s test was carried out to confirm the presence or absence
of preliminary co-linearity among variables. The author confirmed that there was no significant
co-linearity among the explanatory variables; the correlation coefficients did not exceed the
threshold value of 0.75 (Clement et al., 2009) (Appendix VIII).

For the regression, the author developed four models and ran MLR and GWR simultaneously
to examine their correlations with FLA and to identify the best-fit model. In model 1, the author
included all the variables for MLR. The results indicated that this model explained
approximately 47.5% of determinants regarding FLA. There was a significant difference in the
coefficients among selected variables. In model 2, all geographical variables were introduced.
This model explained approximately 14.7% of determinants regarding FLA, with slope having
a more significant effect than road density. Model 3 explained approximately 44.7% of
determinants regarding abandonment, with all socio-economic variables being considered. The
arable land ratio of self-sufficient farm households had the most significant explanatory ability.
Model 4 explained approximately 48.9% of determinants and was the best-fit model
considering overall performance as well as the stability of coefficients of each variable. This
indicates that FLA in Japan is influenced by the arable land ratio of self-sufficient farm
households, the ratio of non-successor farm households, paddy field density, mean slope, arable
land area per farm household and laborers per farm household.

From MLR results, the correlation between dependent and independent variables has been
displayed. The results (Table 3-2) indicated that the best model (Model 4) could identify
approximately half (with a Raqgi? value of 0.489) of the reasons for FLA in Japan. Geographical
variables, such as mean slope, were positively correlated with FLA. For socio-economic
variables, household-related variables, such as the arable land ratio of self-sufficient farm
households, had the most significantly positive impact on FLA. The ratio of non-successor
farm households also positively affected abandonment and was significant at the 0.01 level. In
contrast, arable land area per farm household and laborers per farm household had negative
effects on FLA. Furthermore, for farmland-related variables, paddy field density had the most
significant negative impact on abandonment. However, MLR only revealed a statistical
relationship between dependent variables and independent variables. To explore the influence

of each specific variable considering its spatial variations, the GWR will be further introduced.
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Table 3-2. Model selection and the best-fit model

Variables Model 1 Model 2  Model 3 Model 4
Geographical variables X1 mean slope 0.150 ** 0.386 ** 0.158 **
X2 expressway density —0.044 ** 0.002
X3 railroad density 0.011 0.035 **
X4 arable land ratio of 0.433 ** 0.452 ** 0.457 **
self-sufficient farm
households
X5 arable land ratio of 0.029 ** 0.016
land tenure non-farm
Household- = households
related X6 arable land area per —0.119 ** —0.117 **  —0.116 **
Socio- farm household
economic X7 ratio of the first type of —0.006 —-0.014
variables part-time farm households
X8 laborers per farm —0.073 ** —0.115 **  —0.065 **
household
X9 ratio of non-successor 0.145 ** 0.174 **  0.147 **
farm households
X10 ratio of leased —0.036 ** —0.031 *
Farmland-  (tenanted) land
related X11 ratio of leased-out 0.027 * 0.007
land
X12 paddy field density —0.237 ** —0.265 **  —(0.222 **
AICC(MLR) 52,171.98 57,092.23 52,466.74 52,203.11
AICC(GWR) 51,142.31 55,795.29 50,815.72 50,399.48
Rag* (MLR) 0.469 0.147 0.447 0.489
Ragi® (GWR) 0.594 0.198 0.617 0.637

**, Correlation is significant at the 0.01 level (2-tailed);

*_ Correlation is significant at the 0.05 level (2-tailed).

67



Spatial Pattern and Determinants of FLA

3.2.2 Regional differences of FLA

In contrast to global regression, local regression allows the analyst to assess the local spatial
cause-and-effect relationships that might exist between the dependent and independent
variables (Clement et al., 2009). In addition, the regression coefficients are not static, but vary
spatially across the study region (Brunsdon et al., 1999), and the model performance is superior
in its fitting ability when considering spatial relationships (Oliveira et al., 2014). In this study,
FLA is regarded as a process of the human—environment interaction. Therefore, GWR was
employed to effectively visualize and identify how each determinant influences FLA and to
describe local variations.

Before applying GWR, local Moran’s I was calculated. Table 3-3 displays the Moran’s I values
and their significance based on the Z-score and p-value for each variable. The results indicated
a significant spatial autocorrelation, with spatial clustering among the variables. A fixed kernel
bandwidth was found to perform in a superior way because of the large sample size, and,
therefore, it was adopted to reflect the relationships among different data samples. The Rag?
values were significantly improved from 0.489 to 0.637, and the corrected Akaike Information
Criterion (AICC: used to measure the goodness of fit for a model.) decreased from 52203.11
to 50399.48 in the best model. This indicated that GWR performed better than MLR in terms
of AICC and Ra¢?, which corroborates other empirical finding (Pineda Jaimes et al., 2010;
Chiou et al., 2015).

Table 3-3. Moran’s I statistics of the dependent and selected independent

variables
. Moran’s .
Variable I Z-Score  p-Value Coefficients
Dependent gy A g 0.554 86.43 0.001
variable
X1 mean slope 0.790 126.72 0.001 0.158 **
X4 arable land ratio of
self-sufficient farm 0.541 84.62 0.001 0.457 **
households
Independent > arable land area per ;75 118.68 0001  —0.116**
. farm household
variables X8 lab R
aborers —per fatm g 617 94.14 0.001  —0.065 **
household
X9 ratio of non-successor 0315 45.55 0.001 0147 **
farm households
X 12 paddy field density 0.695 103.54 0.001 —(.222 **

**, Correlation is significant at the 0.01 level (2-tailed);

*_ Correlation is significant at the 0.05 level (2-tailed).
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The author retained one variable in each GWR and plotted the results to display the spatial
variances of determinants (Figures 3-3,8). Locally weighted coefficients and pseudo ¢ values
were visualized to represent the contribution and fitting level for each GWR. The arable land
ratio of self-sufficient farm households exhibited a positive correlation with abandonment at
national scale (Figure 3-3a). The correlation was significant in the northern Chubu, northern
Kanto, southern Tohoku, and central Chugoku/Shikoku regions (Figure 3-3b). Such result
indicates that the ratio of self-sufficient farm households in these regions is more likely to affect
FLA. Paddy field density of coverage displayed a negative correlation in most regions (Figure
3-4a), but a significant correlation was not observed in the southern Kyushu, southern Kinki
and southern Kanto regions (Figure 3-4b). This result may be ascribed to the low share of rice
production. In comparison to other regions, these are upland cropping areas and are famous for
fruit orchards, and vegetables and tea production, and so the density of rice paddy fields is
relatively low as this is not a mainstay of agriculture. All regions displayed a significant
positive correlation of the slope with the FLAR, except Hokkaido (Figures 3-5a, b), because
Hokkaido has many plain fields and has a stable agricultural condition, while other regions are
more or less affected by terrain condition. The ratio of non-successor farm households
displayed a positive correlation in all regions except Hokkaido (Figure 3-6a), with the most
significant effect in the Chugoku, southern Kinki, and Chubu regions (Figure 3-6b). There are
many un-favored rural areas in southern Kinki, and Chugoku, while Chubu is under the
influence of the Japanese Alps. Young generations in those regions migrated to cities and
refused to engage in agriculture. The existence, or not, of successors has become a vital
determinant of FLA in Japan. Arable land area per farm household was negatively correlated
with FLA at national scale, with the highest and the most significant correlation in the Chugoku
region (Figures 3-7 a,b), where farmland occurred in fragmented plots and on a small scale,
which readily resulted in abandonment due to the difficulty of maintenance (Deininger et al.,
2012). The number of laborers per farm household exhibited a negative correlation in most
regions, while displaying the most significant positive correlation with FLA in Chugoku
(Figures 3-8 a,b), which caused biases, and was beyond the expectations. Considering that the
labor variable was calculated from commercial households, and because of the low share of
commercial households in Chugoku, the labor condition may not represent the whole region.
This could be one of the limitations of the study when calculating variables based on one type
of household, due to data availability and their spatial variations. Future analysis is necessary

to discuss the labor condition by considering total farm households.
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Figure 3-3 Spatial distribution of estimated coefficients and pseudo t-values of the

arable land ratio of self-sufficient farm households
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Figure 3-4 Spatial distribution of estimated coefficients and pseudo t-values of paddy
field density
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Figure 3-6 Spatial distribution of estimated coefficients and pseudo t-values of the ratio
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Figure 3-7 Spatial distribution of estimated coefficients and pseudo t-values of arable
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Figure 3-8 Spatial distribution of estimated coefficients and pseudo t-values of laborers
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3.3How to Explain the FLA in Japan

In recent years, FLA has become a serious issue in Japan, which reflects agricultural loss as
well as depopulation and the aging society especially in rural areas. However, for a better
understanding of this issue, the regional characteristics and determinants need to be explored
further. This chapter employs MLR and GWR, which focused on different perspectives, to
investigate FLA. The findings can provide an explicit explanation of the spatial characteristics

as well as the determinants of FLA.

3.3.1 The uneven pattern of FLA in seven regions

Based on the results, spatial patterns of FLA in Japan were uneven, and different regions shared
different extents of FLA, which strongly corresponded to regional geographical conditions and
agricultural development. Compared with the national level and considering their spatial
patterns, the author divided the seven regions into three categories: low abandonment,
moderate abandonment, and high abandonment. Among these, Hokkaido lagged behind the
national level and had low abandonment (Figure 3-9). Here, farmers overcome harsh
geographical conditions, develop agriculture sustainably, and also possess different
agricultural development paths and land tenure compared with other regions (Ito et al., 2016).
The Tohoku region and Kinki region had moderate abandonment, while most of the low-low
abandonment agglomerations or cold spots (Figure 3-2) and the FLAR were similar to those of
the national level. Agriculture in Tohoku is typically well maintained and is famous for
monocropping of rice. In addition, farm households have strong kinship ties and many young
generations assist their elder parents to do agriculture (Shoji, 2015). In GWR, paddy field
density and ratio of non-successor farm households also exhibited strong correlation associated
with FLAR in Tohoku (Figures 3-4 and 3-6). Northern Kinki has a good farmland condition,
while southern Kinki is a mountainous area, and agriculture is experiencing challenges in cases
of fruit, vegetable and tea production. On the eastern coast of Tohoku, the FLAR varied greatly
from 2010 to 2015 (Figure 3-1(a)). Meteorological factors play a key role in coastal areas due
to the extreme weather conditions throughout the years, such as monsoon and seasonal currents,
which adversely affect agriculture. The Chugoku Shikoku, Kanto, Kyushu and Chubu regions
exhibited high abandonment levels, which were obviously higher than the national level
(Figure 3-9). In these regions, most of the areas had a high FLAR, along with high-high
agglomerations or hot spots (Figures 3-2(a,b)). Farmland in the Kanto and Chubu regions is
constrained, either from the high elevation under the Japanese alps or urbanization in

association with the out-migration of laborers to metropolises (Yokomichi, 2007). In the

76



Spatial Pattern and Determinants of FLA

Chugoku Shikoku region, rural depopulation first occurred in mountain zones, along with
serious aging and issues associated with a lack of agricultural successors (Kanzaka, 2009).
Many plots in coastal areas were previously used for orange production, but from 2010, due to
low yields, farmers abandoned their orange fields, which contributed significantly to the

increase in the FLAR without any mitigation until now.

FLAR in 7 regions
National Hokkaido Tohoku em— Kanto
(%) Chubu Kinki Chugoku Shikoku Kyushu
25.00
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0.00
2005 2010 2015 Year

Figure 3-9 FLA in seven regions from 2005 to 2015

Source: MAFF.

3.3.2 Determinants of FLA

The combination of global and local regression in interpreting determinants of FLA in Japan
generates a comprehensive understanding. Based on the global regression, geographic
variables, such as slope, demonstrated a significantly positive correlation with FLA, which has
already been reported in previous studies (MacDonald et al., 2000; Diaz et al., 2011; Miiller et
al., 2013; Gellrich et al., 2007). In Japan, soil condition may also relate to regional
abandonment. There are cases farmers transport soils (known as soil dressing or Kyakudo in
Japanese) from the higher mountains or other places to enrich the fertility of their paddy fields.

In contrast, expressway and railroad densities did not exhibit a significant correlation.
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Agricultural production in Japan is highly mechanized in the face of laborer supply shortages,
and so farmers are more concerned about the availability of agricultural machines than road
conditions, which are well maintained in rural Japan. Socio-economic variables, such as
successors of farm households and laborers per farm household determine abandonment, which
is similar to previous results (Diaz et al., 2011; E. Corbelle-Rico et al., 2012; Pazur et al., 2014;
Terres et al., 2015; Zhang et al., 2014; Heller, 2016; Shoji, 2015; Gibon et al., 2010). However,
the significance of variables such as the arable land ratio of self-sufficient farm households,
arable area per household and paddy field density are interesting and unique in a Japanese
context. The above conclusions were only drawn from the perspective of global regression. In
regard to GWR, Hokkaido had a low FLAR, and it exhibited an obviously different pattern
compared with other regions. In addition, the author found discrepancies in the other six
regions, as well as localized output coefficients, which may depend on local geographical or
socio-economic circumstances. In particular, the Chugoku Shikoku region had the highest
FLAR among the seven regions in Japan, and it shared a significant spatial correlation with
many variables in GWR. Non-successor farm households, the arable land ratio of farm
households and laborers per household displayed the most significant correlation here. The
explanatory ability of other variables varied greatly across regions, and specific theories and

reasons behind this need to be discussed further.

3.4Summary of findings

This chapter has revealed the spatial patterns of FLA and analyzed its determinants in 2015
from geographical and socio-economic aspects by employing global (MLR) and local (GWR)
regressions. Based on the former municipality boundaries, spatial patterns of FLA and its
determinants were displayed and discussed. The main findings are as follows:

Firstly, FLA in Japan displays an uneven pattern and strongly corresponds to the country’s
geographical condition and regional agricultural development. While taking the FLAR as the
measure, a nation-wide distribution of abandoned farmland is firstly displayed. The author
found that most abandoned farmland is concentrated in the Chugoku/Shikoku, Kanto, Kyushu,
and Chubu regions, in contrast to other regions that have good agricultural conditions, such as
the Hokkaido and Tohoku regions.

Secondly, rather than geographical factors, socio-economic variables have a much higher
explanatory ability. Household-related variables, such as the arable land ratio of self-sufficient

farm households, displayed the most significant positive correlation with FLA, and non-
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successor farm households were positively correlated with FLA. In contrast, the arable land
area per farm household, and the laborers per farm household were negatively correlated with
FLA. For farmland-related variables, paddy field density exhibited a significant negative
correlation with FLA.

Thirdly, determinants of FLA are spatially varied regarding local geographical or socio-
economic circumstances. Local regression showed its superiority in terms of explanatory
ability and goodness of fit for the best model. In short, FLA is a complex process driven by
interactions of multiple determinants. Even within one region, the determinants might be
different depending on specific local circumstances.

Finally, in regard to suggestions to prevent further abandonment. On the one hand, the Japanese
government should institute some new policy or taxation reform to help farm households,
especially self-sufficient farmers, to re-cultivate their land or to allow them easily transfer their
land to land-holding cooperatives that have sufficient laborers (Ito et al., 2016). Japanese policy
on rice production and import restrictions play a key role in keeping paddy fields in Japan. As
such, policies regarding the rice market are crucial for maintaining farmland. On the other hand,
farmers should seek more economical pathways to survive. For instance, in terms of non-
successor farm households and aging farmers, in order to solve the lack of laborers,
strengthening community-based farming, building farmland banks, (Jentzsch, 2017) and

agricultural networks could be effective countermeasures to prevent future abandonment.
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CHAPTER 4 INTRAREGIONAL AGRICULTURAL

CHARACTERISTICS AND FLA : CASE IN THE CHUGOKU

AND SHIKOKU REGION

Chapter 3 has examined the spatial patterns and determinants of FLA as well as its regional
variation from the national scale. Results can provide a general understanding of FLA in Japan
and understand how different geographical and socio-economic situation influence FLA.
However, when focusing on intraregional circumstances, how specific agriculture and FLA are
interlinked with each other is still unclear. This chapter is going to select one region and discuss
the intraregional characteristics of agriculture and FLA. Results provide a profound
explanation of the process of FLA and intraregional agricultural development.

Understanding how intraregional agriculture characteristics influence FLA is of great relevance
to managing farmland use and FLA. Agriculture has had a long history in Japan with terraced
paddy fields and rice being especially significant for Japanese people’s life and culture
(Fukamachi, 2017). The sector, however, has experienced stagnation since the higher economic
growth period from late 1980s and is weakening year by year (Ito et al., 2016; Hisano et al.,
2018). From 1990 to 2015, six regions in Japan (Hokkaido, Kanto, Chubu, Kinki, Chugoku
and Shikoku, and Kyushu regions) experienced a rapid increase in FLAR. Among these regions,
the FLAR in Chugoku and Shikoku region exhibited the highest level of FLA. However, few
previous scholarships have put emphasize on FLA in this region. Empirical studies have found
that FLA and agricultural structures are strongly correlated worldwide (Gellrich et al., 2007;
Lasanta et al., 2015; Uematsu et al., 2010). However, few studies have shed light on differences
in intraregional agriculture characteristics and their relationship with FLA. This relationship is
crucial for understanding explicit spatial and intraregional variations of agriculture
characteristics or structures and causes of FLA. In Japan, an increasing number of studies have
emphasized FLA by local case studies. However, only a few studies have investigated how and
to what extent FLA occurs with due consideration of intraregional agriculture characteristics
at the regional context, especially in west Japan.

Therefore, this chapter aims to fill this gap and to discuss FLA in connection with particular
intraregional agriculture circumstances. Data from the 2015 census of agriculture are utilized

to outline the intraregional agricultural characteristics and FLA with the Chugoku and Shikoku
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region. Qualitative and quantitative aspects of agricultural characteristics and FLA have been
evaluated. There are three main objectives:

(1) to show and understand the spatial variation and uneven pattern of agriculture
characteristics or structures in the Chugoku and Shikoku region;

(2) to explain the factors or causes of FLA by taking agriculture characteristics as dependent
variables instead of individual factors;

(3) to discuss the relationship between agriculture characteristics and FLA.

Results can support both central and local governments to make better-informed farmland use
decisions and mitigate further FLA through more comprehensive farmland use suggestions,

eventually preserving regional agriculture.

4.1Background and Issues of Intraregional FLA

In the previous chapter, the spatial pattern and determinants of FLA on a national scale were
examined. Such results provided us with a clear understanding of the general characteristic of
FLA in Japan. However, within regions that there exist spatial variations of FLA which might
be caused by the uneven development of agriculture. Hence, we should pay careful attention
to discrepancies in the mechanisms of FLA, which might adequately reflect the intraregional

characteristics of agriculture.

4.1.1 Agriculture in the Chugoku and Shikoku region

Similar to the national trend, agriculture is declining in the Chugoku and Shikoku region, with
a continuous decrease of farmers and farming households. Based on the national census of
agriculture and forestry in 2015, the total number of farmers in the Chugoku subregion
decreased by 15.1%, and the Shikoku subregion decreased by 14.1% compared with 5 years
ago. Commercial farmers decreased by 19.4% in the Chugoku subregion and 17.9% in the
Shikoku subregion compared to five years ago. Regarding the demographic situation, the
agricultural work population decreased by 20.0% in the Chugoku subregion and 19.7% in the
Shikoku subregion compared to five years ago. The average age of the agricultural work
population is 3.7 years older in the Chugoku subregion and 0.8 years older in Shikoku
subregion than the national average (66.4 years). The proportion of people aged 65 and over is

76.1% in the Chugoku subregion, which is 12.6% higher than the whole country.
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Compared with the national level, agriculture in the region is maintained at a small scale. The
arable land area in the Chugoku and Shikoku region is 0.64 ha, less than the national average
of 1.27 ha (Table 2-2, 2-3). In the Chugoku subregion, aging of farmers and depopulation are
wide-spread, leading to an increase of FLA, which accelerated the forestation and wild animal
damages in farmland (Bureau of the Chugoku and Shikoku Agricultural Administration, 2016).
HMAs occupy a large part of the subregion, and agriculture is mostly centered on rice
production, especially in the Chugoku Mountains. Okayama, Shimane, and Tottori Prefectures
have large alluvial plains created by rivers, and those well-conditioned farmlands are
specialized in rice production.

In the Shikoku subregion, unique agriculture products and flowers suitable for warm climates
are produced in greenhouses. For example, in mountain regions of southern Shikoku, farmers
benefited economically from the warm climate and produced many early crops and vegetables
for other areas of Japan (Kanzaka, 2009). Although there are large areas with mountains in the
Shikoku subregion, in an attempt to utilize the unfavorable geographical condition, remaining
farmers developed agriculture based on local agriculture conditions. Multiple crops such as
rice, wheat, and soybeans have been widely cultivated as well as fruit and livestock production
on sloping farmland and hills.

In the central areas of the Chugoku and Shikoku region, known as Setouchi, many cities and
various industries emerged along the Seto Inland Seaside, which makes the Setouchi region a
famous industrial area in Japan. With the afore-mentioned geographical and socio-economic
characteristics in the Chugoku and Shikoku region, agriculture exhibits unique features. The
FLAR in the region is continuing to be the highest in Japan until 2015 (MAFF, 2015). As such,

the effects of agricultural characteristics on FLA in this region merit more in-depth discussion.

4.1.2 FLA in the Chugoku and Shikoku region

Until 2015, the Chugoku and Shikoku region exhibited the highest level of FLA among seven
regions of Japan and the highest level was recorded in Hiroshima Prefecture (Figure 4-1).
Abandoned farmland area increased by 4.8% in the Chugoku subregion and 3.9% in the
Shikoku subregion compared to five years ago (increased by 6.8% nationwide). The abandoned
area of farmland for non-farm households increased by 10.1% in the Chugoku subregion and
8.8% in the Shikoku subregion compared to five years ago (12.8% increase nationwide)

(MAFF, 2015).
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The total abandoned farmland area of all farmers and land-holding non-farm farmers increased
by 4.8% in the Chugoku subregion and 3.9% in the Shikoku subregion compared to five years
ago. There are distinctive characteristics of FLA pattern in the Chugoku and Shikoku region.
The areas with the highest FLAR were the small islands and the coastal areas of the Seto Inland
Sea, especially on the Chugoku subregion side. In the Chugoku subregion, Hiroshima and
Okayama Prefectures also exhibit a high FLAR in the mountainous farming areas along their
border. In the Japan Seaside, coastal areas of Shimane Prefecture also experienced a high
FLAR. In the Shikoku subregion, high FLAR are chiefly concentrated in the mountainous

farming areas of Kochi and Tokushima Prefectures.

83



Intraregional Agricultural Characteristics and FLA : Case in the Chugoku and Shikoku Region

100 Kilometers

0.00 - 10.00

=]
=
S
~
1
S
=]

20.01 - 30.00

Legend
FLAR2015
Y
[

30.01 - 40.00
40.01 - 100.00

Figure 4-1 Spatial distribution of FLAR in Chugoku Shikoku region (2015)

Source: Ministry of Agriculture, Forestry and Fishery (MAFF)
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4.2Intraregional Agricultural Characteristics in the Chugoku and Shikoku
Region

4.2.1 Definition of agricultural characteristics

Agricultural characteristic is a broad concept, which can describe and measure different
dimensions of agriculture. Specifically, MAFF conducts an agricultural census every five years
to track the changes in these characteristics, such as agriculture scale, management statutes,
farmland share, household types, labor conditions, agriculture products. Through such
characteristics, the author can easily divide the whole region into different subregions on the
basis of the type and organization of agriculture that occur there. Studies have analyzed the
characteristics of mountainous villages (Okahashi, 1986; Okahashi, 1997) and agricultural
regions (Nihei, 2006). Results indicated the classification of regions under different rural or
agricultural characteristics. Such analysis also helps understand regional development and

inform region-specific administrative decisions.

4.2.2 Identifying intraregional agricultural characteristics

To identify the intraregional agricultural characteristics in the study region, PCA was employed
to conduct dimension reduction and identify the number of different agricultural characteristics.
As discussed above, the PCA method was ideal for reducing the dimensionality of the initial
data set, which involved a large number of interrelated variables. As a result, eight PCs with
eigenvalues of 5.569, 4.345, 2.543, 1.818, 1.633, 1.342, 1.072, and 1.006 were identified for
the description of intraregional agricultural characteristics. The author conducted a Kaiser-
Meyer-Olkin (KMO) test and a Bartlett’s test of sphericity (Patil & Kokate, 2017). Results
show that the KMO statistics are higher than 0.60 (0.716) and Bartlett’s test of sphericity
provides values of 0.000, both of which indicate the suitability of the dataset for running PCA.
For accumulated dispersion, those eight PCs can explain about 77.3% of the variance for the
25 variables being selected; the heaviest loadings have been marked as bold-faced in Table 4-

1.
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Table 4-1. List of rotated principal component matrix for all agricultural characteristics

Variables PC1 PC2 PC3 PC4 PC5 PC6 PC7
A24 Rate of farm households with more than 10 million 0.869 0.145 0.029 0.037 0.123  -0.024 0.118
yen in sales

A14 Solely vegetable production farm household rate 0.841 -0.127 -0.114 -0.102 0.072 0.118 -0.026
A9 Farmers average ages -0.828 -0.168 -0.069 -0.021 0.136 0.127 0.036
A10 Average number of laborers per farm household 0.826 -0.012 0.280 -0.111 -0.063  -0.027 -0.182
A8 Ratio of second type part-time farm households -0.686 -0.022 -0.305 0.051  -0.002  -0.560 0.017
A7 Ratio of first type part-time farm households 0.601 0.269 0.240 0.264 0.061 0.016 0.011
A2 Arable land ratio of self-sufficient farm households -0.062  -0.929 0.060 0.051 0.037 0.028  -0.072
A5 Ratio of business farm household 0.025 0.905 -0.055 -0.228 -0.030 -0.049 0.137

A25 Share of agriculture management bodies with less -0.052  -0.876 0.117  -0.108  -0.026 0.003 0.107
than 0.5 ha farmland

A4 Arable land area per household 0.099 0.867 -0.084 0.148 0.127  -0.005  -0.008
A15 Rate of farm households producing only vegetables 0.052  -0.084 0.938 -0.067 -0.139 0.067 0.043
A22 Fruit land rate 0.052  -0.086 0.934 -0.136  -0.095 0.134  -0.020
A20 Paddy field rate -0.213 0.156  -0.806 0.168 -0.354 -0.052 0.179
A13 Solely rice production farm household rate -0.563 0.106  -0.655 0.144 -0.120 -0.107 0.282
A3 Arable land ratio of land tenure non-farm households -0.018  -0.054  -0.220 0.779 -0.215 -0.096 -0.011
A18 Ratio of leased-in land -0.034 0.229  -0.054 0.748 0.212 0.004 0.017
A6 Share of land tenure non-farm household 0.048 -0.276  -0.085 0.733  -0.228 0.223  -0.081
A21 Cropland rate 0.280  -0.150 0.146  -0.109 0.712 -0.075 -0.267
A16 Solely husbandry production farm household rate -0.038 0.135 -0.093  -0.006 0.632 -0.009 -0.034
Al Forest rate -0.309  -0.017 0.073  -0.113 0.506 0.261 0.452
A12 Ratio of non-successor farm households 0.056 0.002 0.150 0.096 0.039 0.884 0.108
A11 Ratio of workers below 65 years 0.400 0.328 -0.056 0.138 0.231  -0.495 0.308
A17 Combined management farm household rate 0.002  -0.033 0.138 0.028 0.196 -0.023 -0.797
A19 Ratio of leased-out land 0.140 0.045 -0.050 -0.077 -0.099 0.051  -0.162
A23 Rice commissioned work management body rate -0.276 0.143  -0.167 0.392 0.222  -0.134 0.197
Eigenvalues 5.569 4.345 2.543 1.818 1.633 1.342 1.072
% of Variance 22.276 17.38  10.174 7.27 6.532 5.367 4.289
Cumulative % 22276  39.656 49.829 57.1 63.631 68.998 73.287

PC8
0.056

0.039
0.054
-0.061
-0.005
0.276
-0.040
0.001
-0.031

0.058
0.006
-0.058
0.105
-0.029
-0.017
0.003
-0.010
-0.100
-0.002
0.125
0.050
0.207
0.149
0.863
0.455
1.006
4.026
77.313

* The heaviest loadings have been marked as bold faced.

From Table 3-1, it can be clearly seen that the PC 1 explained 22.3% of the total variance in
the dataset. This component is characterized by strong positive associations with the rate of
farm households with more than 10 million yen in sales, the rate of farm households producing
only vegetables, the average number of laborers per farm household, and the rate of first type
part-time farm households. PCI is also negatively affected by the farmers’ average ages and
the ratio of second type part-time farm households. Therefore, this PC 1 seems to capture the
activeness of agriculture.

PC 2 accounted for 17.4% of the total variation in the data set, and it is positively associated
with ratio of business farm households among all farms and arable land area per household. PC
2 was negatively associated with the percentage of arable land occupied by self-sufficient farm
households and the share of agriculture management bodies with less than 0.5 ha of farmland.

In combination, these characteristics capture the sales orientation and scale of agriculture.

86



Intraregional Agricultural Characteristics and FLA : Case in the Chugoku and Shikoku Region

PC 3 explained 10.2% of the variance and is positively associated the percentage of households
engaged solely in fruit production and the percentage of arable land engaged in fruit production;
it is negatively associated with the percentage of arable land consisting of paddy fields and the
percentage of farms engaged solely in rice production. In combination, this component seems
to capture the fruit production agriculture.

PC 4 explained 7.3% of the variance and is positively associated with the percentage of arable
land held by non-farm households, the percentage of arable land that is leased-in, and the
percentage of all households that hold land but are non-farming households. Therefore, this
component seems to capture the impact of non-farm households on agriculture.

PC 5 explained 1.6% of the variance and is associated with the percentage of arable land
devoted to vegetable or dry season crop production, the percentage of farm households devoted
solely to livestock production, and the percentage of total land area covered by forests.
Therefore, this component seems to capture the dependence on rice production.

PC 6 explained 1.3% of the variance and is positively associated with the percentage of farm
households with no designated successor and the percentage of workers who are under 65 years
of age. Therefore, this component seems to capture the status of agricultural succession.

PC 7 explained 1.1% of the variance and is negatively associated with the percentage of farms
operated under combined management. Therefore, this component seems to capture the
diversification of agriculture.

PC 8 explained 1.0% of the variance and is positively associated with the percentage of arable
land that is leased-out land, and the rice commissioned work management body rate. Here,
commissioned work refers to the outsourcing of agricultural work or leasing of farmland by
elder farmers due to lack of laborers. Therefore, this component seems to present the transition

of farmland.

4.2.3 Spatial variations of intraregional agriculture

All of the PCs indicate that there are obvious intraregional differences in the agricultural
characteristics across the Chugoku and Shikoku region. Variation in the PC (1-8) scores on the
regional map is shown in Figures 4-2 to 4-9; the positive values correspond to red triangles,
while the negative values are blue dots. Figure 4-2 shows that PC 1, the activeness of
agriculture, dominates in the southern Shikoku subregion (Kochi and Tokushima Prefectures),
the Seto Inland Sea area, and the northern part of Chugoku subregion (Tottori Prefecture).

Figure 4-3 indicates that PC 2, the sales orientation and scale of agriculture, is the highest in
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west Yamaguchi, central Hiroshima, Tottori, and to the west of Ehime and Kagawa Prefectures.
Figure 4-4 demonstrates that PC 3, the fruit production agriculture, is the highest in coastal
areas and Tottori, Ehime, Kagawa, and Tokushima Prefectures. All of these areas are famous
for fruit production, with Tottori Prefecture being famous for Japanese pear production.
Tokushima and Kagawa Prefectures are famous for yuzu production, and Ehime Prefecture and
the Seto Inland sea areas are the biggest producers for citrus fruits. Figure 4-5 shows that PC
4, the impact of non-farm households on agriculture, is the highest in the southern part of
Okayama, Hiroshima, Tottori and the southern part of Ehime. Figure 4-6 suggests that PC 5,
the dependence on rice production, is the highest in the northern part of Okayama, Hiroshima,
Shimane, and the southern part of Ehime. Figure 4-7 shows that PC 6, the status of agricultural
succession, 1s the most serious in Hiroshima, Yamaguchi, Ehime, and Kagawa Prefectures.
Figure 4-8 indicates that PC 7, the diversification of agriculture, is the highest in the southern
part of Okayama, Hiroshima, Shimane, Yamaguchi, and Kagawa Prefectures. Finally, Figure
4-9 shows that PC 8, the transition of farmland, is the highest in the Shimane and Yamaguchi

Prefectures.
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Figure 4-2 Distribution of PC 1 scores in the Chugoku and Shikoku Region
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Figure 4-3 Distribution of PC 2 scores in the Chugoku and Shikoku Region
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Figure 4-4 Distribution of PC 3 scores in the Chugoku and Shikoku Region
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Figure 4-5 Distribution of PC 4 scores in the Chugoku and Shikoku Region
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Figure 4-6 Distribution of PC 5 scores in the Chugoku and Shikoku Region
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Figure 4-7 Distribution of PC 6 scores in the Chugoku and Shikoku Region
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Figure 4-8 Distribution of PC 7 scores in the Chugoku and Shikoku Region
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Figure 4-9 Distribution of PC 8 scores in the Chugoku and Shikoku Region

4.3Intraregional Agricultural Characteristics and FLA

4.3.1 How agricultural characteristics affect FLA

In Japan, agricultural regions are classified by MAFF as either urban areas, flatland farming
areas, intermediate farming areas, or mountainous farming areas according to their
geographical conditions (Figure 4-10) (MAFF, 2015). Table 4-2. depicts the standard
indicators and characteristics of those four farming areas and their definitions. Urban areas
refer to areas where the population density is 500 people /km? or more and the (Densely
Inhabited District) DID area occupies 5% or more of the habitable area. Flatland farming area
pertains to areas that either have 20% arable rate and less than 50% forest or have 50% or more
arable rate. Intermediate farming area stands for areas between flat and mountainous farming
areas with forest rates between 50% and 80% and arable land with many slopes. Mountainous
farming area means areas with a forest rate of more than 80% and an arable land rate of less

than 10%.
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Figure 4-10 Spatial distribution of agricultural area types in the Chugoku and Shikoku region

Source: Ministry of Agriculture, Forestry and Fishery (MAFF), http://www.maff.go.jp/e/index.html

Table 4-2. Types of farming areas in the Chugoku and Shikoku region

Agricultural Explanation

area type

Areas where the population density is 500 people /km? or more and the
Urban area  (Densely Inhabited District) DID area occupies 5% or more of the habitable
area.
Flatland Areas that either have 20% arable rate and less than 50% forest OR have
farming area  50% or more arable rate.
Intermediate Areas between flat and mountainous farming areas with forest rates
farming area  between 50% and 80% and arable land with many slopes.
Mountainous Areas with a forest rate of more than 80% and an arable land rate of less

farming area  than 10%.

Source: MAFF.
In this study, the author explored correlations between agricultural characteristics and FLA and

how they vary in different farming areas. The author divided study region into the four farming
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area types discussed in Table 4-2 in order to minimize the influence of different geographical
conditions in MLR. Factor scores for PCs 1-8 were retained as independent variables, and a
stepwise MLR was performed for four different agriculture areas. The obtained results
demonstrate that the 8 PCs have different explanatory power for FLA in the Chugoku and
Shikoku region (Table 4-3). All of the coefficients in the regressions are statistically significant
as their p-values are each smaller than 0.05.

The MLR results indicate that, PC 2 has the strongest negative correlation for each of the four
agriculture regions. As PC 2 stands for the sales orientation and scale of agriculture, it can be
concluded that as the size of farm operations increases, FLA declines in this study region. As
previously discussed, the data in the study consist of not only individual farm households but
also agriculture management bodies. Therefore, the agriculture scale and sales status of both
will affect FLA. PC 6 was another significant factor, which represents the status of agricultural
succession, exhibits the strongest positive correlation for each of the four types of agriculture
regions. In other words, the lack of agriculture successors in the study region increases FLA.
MLR has the highest explanatory ability for FLA in flatland farming areas (adjusted Rag*> =
62.2%), followed by intermediate farming areas (adjusted Ragi? = 61.3%), urban farming areas
(Ragi? = 45.6%), and mountainous farming areas (Ragi> = 40.9%).

Table 4-3. MLR models for FLA prediction using PCs

Agriculture  Urban area Flatland Intermediate = Mountainous Total
Regions farming area  farming area  farming area
PC1 -0.119%* -0.086** -0.05%*
PC2 -0.565%* -0.734%** -0.721** -0.605** -0.638**
PC3 0.255%* 0.431%* 0.278%* 0.247**
PC4 0.129%* 0.077**
PC5 0.202%* 0.114%** 0.094**
PC6 0.324%* 0.240%* 0.230%* 0.123%* 0.194%*
PC7 -0.117%* -0.141%** -0.071**
PC8 -0.099** -0.068**
N 140 151 389 190 860
Rag’ 0.456 0.622 0.613 0.409 0.528

**_Correlation is significant at the 0.01 level (2-tailed).

*. Correlation is significant at the 0.05 level (2-tailed).

4.3.2 How to manage further FLA
This study finds that PC 2 (the sales orientation and scale of agriculture) has the strongest
negative influence on FLA. Previous work finds that agricultural scale, in terms of farmland

size, reduces FLA mainly because it takes more labor and economic costs to maintain small-
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size and dispersed farmlands (Gradinaru et al., 2015; Kolecka et al., 2017). In this study, scale
and sales orientation also affect labor costs and farm income. Indeed, high cultivation costs and
low yields are more likely to cause FLA (Gellrich & Zimmermann, 2007). As such, second
type part-time farm households whose non-farm income exceeds their farm income are
believed to focus less on agriculture, ultimately leading to abandonment. As shown in Figure
4-3, high values of PC 2 are clustered in the central Chugoku subregions and southern Shikoku
subregion. As a result, FLA was relatively low in these areas. In contrast, the increase in
abandoned farmland in the study region especially along the coastal areas of the Seto Inland
Sea can be ascribed to the small scale and abandonment of citrus fruit fields due to the low
profit. As Figure 4-4 shows, high levels of PC 3 (the fruit production agriculture) are
concentrated in the coastal areas of the Seto Inland Sea, which are dominated by urban areas,
flat farming areas, and intermediate farming areas. Table 4-3 also displays significant effects
of PC 3 on FLA in these three farming areas. Although the farmland’s geographical condition
in these areas is better than in mountainous farming areas, abandonment occurred, nonetheless.
Figure 4-11 displays the change of abandoned farmland and orange (in Japanese: Mikan)
production areas in the study region from 1975 to 2015. It can be observed that orange
production areas started to decline beginning in 1975, and abandoned farmland areas increased
each year, particularly after 1985. In postwar Japan, the commercialization of agriculture
progressed nationwide and even in the Chugoku and Shikoku region. In most coastal areas,
including islands in the Seto Inland Sea, oranges became one of the most profitable products.
However, after 1970, the overproduction of oranges led to lower prices. As a result, only a few
traditional production areas remained in parts of Ehime and Hiroshima Prefectures (Kanzaka,
2009). In contrast, most of the more recently established production areas gave up fruit
production due to the market conditions and an insufficient labor force. This trend resulted in
the abandonment of fruit fields in the coastal areas and contributed chiefly to the increase in

FLA.
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Figure 4-11 Change of abandoned farmland and orange production areas in the study region.

Source: MAFF, http://www.maff.go.jp/e/index.html.

High FLAR in the southern Chugoku subregion, particularly in Hiroshima and Okayama
Prefectures, are largely due to the serious aging and depopulation. As Table 4-3 indicates, PC
6 (the status of agricultural succession) seems to influence FLA over the study region. The
aging of farmers (Ruskule et al., 2013; Pazar et al., 2014; Terres et al., 2015) and the lack of
successors (Keenleyside et al., 2010; Yamashita & Hoshino, 2018) for farms have been found
to affect FLA by many previous studies. In Japan, rural depopulation is said to have begun in
the Chugoku subregion, and with many settlements facing the issue of lack of laborers and
successors (Kanzaka, 2009). In addition, there was a rapid growth of the industrial labor market
on the Seto Inland Sea coast, with a corresponding and intensive outflow of the population in
this direction from the mountain villages. For this reason, the agriculture that remained was
small scale and mainly for subsistence farming. This is contrary to the situation in northern
Japan, especially in the Tohoku region, where depopulation was not so serious, and the local
labor shortage did not spread to neighboring areas. Instead of entire families, only individuals
there left their homes to take employment in metropolitan areas (Okahashi, 1996). Therefore,
the region enjoys better labor conditions in the agriculture sector than in southern Japan. In the
future, improving labor accessibility and strengthening family kinship ties in the Chugoku and

Shikoku region will be essential for solving the labor shortage.
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4.4Summary of findings

Chapter four is the summary of intraregional agricultural characteristics and FLA in the
Chugoku and Shikoku region. As assumed, FLA is generally a complex process, which cannot
be fully described by a single variable or determinant. This study analyzed agricultural
characteristics and FLA in the Chugoku and Shikoku region in Japan, which had the highest
FLAR until 2015. The author applied a combination of PCA and MLR methods to explain the
driving forces or processes of FLA by different domains of agricultural characteristics
extracted from variables. The main conclusions are as follows.

First, there are significant intraregional differences in the agricultural characteristics across the
Chugoku and Shikoku region with eight significant PCs being extracted. They are grouped as
PC 1 (the activeness of agriculture), PC 2 (the sales orientation and scale of agriculture),
PC 3 (the fruit production agriculture), PC 4 (the impact of non-farm households on
agriculture), PC 5 (the dependence on rice production), PC 6 (the status of agricultural
succession), PC 7 (the diversification of agriculture), and PC 8 (the transition of farmland).
Second, the author found that variables measuring agricultural characteristics explain nearly
52.8% of the variation in FLA in the study regions. The PC 2, presenting the sales orientation
and scale of agriculture, has the strongest negative correlation to FLA in the region, while PC
6, presenting the status of agricultural succession displayed the strongest positive correlation
to FLA. The highest abandonment in Seto Inland Sea areas is chiefly due to the low profit of
fruit production and the changes of the market prices.

Third, in flatland farming areas and intermediate farming areas, where agriculture is more
stable and easier to maintain, FLA is more strongly influenced by changes in agricultural

characteristics than by geographic conditions, such as slope or altitude.
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CHAPTER 5 FLA AT THE LOCAL SCALE AND
COMMUNITY-BASED FARMING: CASE IN HIROSHIMA

PREFECTURE

The previous two chapters have discussed the processes of FLA from the national and
intraregional scales in Japan; the spatial patterns, regional or intraregional variations and
determinants of FLA have been examined and presented. Specifically, chapter 3 emphasized
the national scale FLA and explored the determinants of FLA and regional variations using
agricultural census data. Chapter 4 focused on one specific region (the Chugoku and Shikoku
region) and searched for intraregional agricultural characteristics and FLA. Both chapters
allowed us to understand the issue of FLA from a macro scale to form a clear understanding of
FLA in Japan. However, from the local scale, the situation of FLA especially the opinions of
individual farm households and Community-Based Farm Cooperatives (here after: CBFCs)®
(in Japanese: Syuraku Einou) who are the major laborers engaged in agriculture are still largely
unknown. Local farmers and farm households put a lot of effort into promoting agriculture
development, which also contributes to the prevention of further FLA. Therefore, this chapter
mainly discusses the roles of individual farm households and CBFCs in maintaining agriculture
and mitigating future FLA. This chapter also includes some results from the Taoyaka Program
onsite team project in Sera Town, which was conducted in 2018 to understand the agriculture
development in HAMs.

In recent years, in the face of labor shortage and population outflow in rural areas, community-
based agriculture (CBA) or community-supported agriculture (CSA) (Opitz et al., 2019) have
been widely introduced and encouraged especially in rural areas worldwide (Peredo &
Christman, 2006; Maclas, 2008; Thornton, 2009; Z. Liu et al., 2016; Gorman, 2018). As a rural
development approaches both CBA and CSA were introduced to reverse rural recession and
cope with rural settlement dispersion after the Second World War (W. Liu et al., 2018). The
form of CBA or CSA implies the capacity to extend beyond economic exchange to include
social roles, motivations, and benefits for both farmers and consumers (Balazs et al., 2016) by

sharing the ‘risks and rewards’ of farming more equitably (Gorman, 2018).

8 Different from Japanese Agriculture (JA), called Nokyo until 1992, is a producer cooperative
organization based on the Nokyd Law of 1947.
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In Japan, CBFC is a kind of agriculture management body that consists of one or more
agriculture settlements aimed at improving agricultural productivity and secure farm labor
(Ichikawa, 2011). The initial concept of community-based enterprise (CBE) was defined as a
community acting corporately as both entrepreneurs and enterprises in pursuit of the economic
benefit (Maclas, 2008). CBFCs usually incorporate entities allowing farmers to use
farmland under certain conditions, which were originally based on an amendment of the
Agricultural Land Law of 1962 (Jentzsch, 2017). CBFC members then divided different roles
by utilizing the abundant talents of the community settlements, and by establishing a stable
management system, accepting new farmers when elder farmers retired, thereby making it
possible to build a permanent and sustainable development®. When setting up a CBFC,
farmland is accumulated by lease contract (setting of usage right). When farmland accumulates,
farmers will cultivate crops according to land use plans while also considering productivity.
Working with large machines is performed by the core workers, while daily management such
as levees management is undertaken by regular workers and employees. Because of aging and
depopulation in rural Japan, CBFC has become a new solution for agriculture revitalization
caused by labor shortages in farm households.

Figure 5-1 clearly illustrates the concept of the agricultural management bodies and CFBCs in
Japan. The agriculture management body consists of the family management bodies and the
organizational management bodies. The individual management bodies and the individual
household cooperatives belong to the family management bodies while the organizational
management cooperatives and the non-cooperate organizational management cooperatives
belong to the organizational management bodies. Among these, individual household
cooperatives and organizational management cooperative can be regarded as CFBCs. There
are two types of CBFCs in general: incorporated cooperatives (in Japanese: Hojin) (also known
as juridical person) (ICBFCs) and non-incorporated cooperatives (in Japanese: Hihojin) (also
known as non-juridical person) (NCBFCs). Until 2017, there were a total of 15,136 CBFCs
across the country. Among these CBFCs, the number of ICBFCs was 4,693 (MAFF, 2015).
In this study, the author only focused on ICBFCs, which are authorized by law with duties and
rights and is recognized as a legal person and as having a distinct identity. ICBFCs have their
own characteristics in maintaining and promoting local agriculture, which aim to collectively
take care of agriculture in the community and increase farm income by reducing costs and

expanding the scope of agricultural businesses (Hisano et al., 2018). They are not only

9 Hiroshima Prefectural Government, https://www.pref.hiroshima.lg.jp/soshiki/81/1170807500404.html
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incorporated as land collections from individual farms but also are cooperatives that
characterize the relationship with the community or future agriculture management.

In this chapter, the individual farm households and ICBFCs were targeted because they are the
chief agent actors in doing agriculture and maintaining farmland in the study region. On the
local scale, people’s opinions allow us to know the actual situation of the FLA. And a bottom-
up approach can also be developed to help the government design policies related to the FLA.
To understand the management of ICBFCs also provide rich information to help work against
FLA and managing local agriculture in the future. The main objectives of this chapter are as
follows:

(1) To demonstrate the role of individual farm households in managing the FLA and local
agriculture

(2) To demonstrate the role of ICBFCs in managing the FLA and local agriculture

(3) To investigate and discuss future countermeasures of the FLA
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Figure 5-1 The concept of agricultural management body in Japan
Source: MAFF (2010), Agricultural and Forestry Census.
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5.1Local Scale FLA and Individual Farm Households

From the national or regional scales, the issue of FLA normally has been monitored on a macro
scale, which allows us to understand its overall situations globally. However, on the local scale,
FLA and its determinants, which are closer to the actual situation such as its occurrence,
surrounding environment, local traditions, culture, and histories can be revealed. Such
information also cannot be quantified and easily assessed by agricultural census data. For
instance, some indispensable determinants of FLA, such as damages from wild animals, and
agricultural policy changes have been found that also played key roles. Therefore, FLA should

be explored on a local scale to support a better understanding of these issue.

5.1.1 Characteristics of FLA at the local scale

As have already introduced earlier, Hiroshima Prefecture has the highest FLAR in Japan until
2018. The characteristics of FLA in this region provide us rich information to understand the
local scale FLA. Figure 5-2 clearly displays the FLAR at the former municipalities’ level and
the transportation conditions in Hiroshima Prefecture. We can easily understand the
accessibility of different municipalities from Figure 5-2 as well. Municipalities colored in red
refer to FLAR over 40%, and those colored in blue stand for places where FLAR is below 10%.
The spatial distribution of FLA in Hiroshima Prefecture has distinctive characteristics, and the
north and south have different patterns. High FLAR areas are mainly located in the southern
Hiroshima Prefecture chiefly on coastal and the small island areas. In contrast, the northern
(Kitahiroshima, Akitakada, Miyoshi and Shobara cities) and central parts (Sera city) of

Hiroshima Prefecture still have a low FLAR.

101



FLA at the Local Scale and Community-based Farming: Case in Hiroshima Prefecture

Legend
=== Railroad
e Highway

I:I No data

//\./’
FLAR2015 .
- |’.s"/

J

I Mo1-200
i
f 20.1 - 300
[ 30.1 - 400
B 0.1 -s2

40
Kilometers

Figure 5-2 FLA and transportation condition in Hiroshima Prefecture

Source: MAFF.

5.1.2 Individual farm households and FLA

Whether to abandon farmland is usually the decision of individual farm households (Zhang et
al., 2014). While socio-economic and spatial data are increasingly helpful to quantify and
locate the extent and costs of land-use change, there is still little understanding of the contextual
or local-specific factors that determine or influence the farmers’ decision of abandoning
farmland or not (Nkonya et al., 2016). To fully examine the behavior and effort of individual
farm households in agriculture is thus of great significance to explain FLA at the local context.
As Figure 5-3 shows, in Japan, farm households usually consist of business farm households
and self-sufficient farm households. There also exist land tenure non-farm households, which
indicates households that own farmland but do not engage in any agricultural activities.

Business farm households are divided into full-time farm households!® and part-time farm

10 A farmer who does not have any part-time workers (persons who have been employed for
more than 30 days a year and engaged in work or engaged in self-employment other than

agriculture) among household members.
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households!' or into main farm households'?, semi-main farm households'? and side farm
households'#. The proportions of full-time farm households and main farm households are is
20.8% and 8.3%, respectively. These numbers are relatively small compared to the total

number of farm households.
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Figure 5-3 The concept of farm household in Japan

Source: MAFF (2010), Agricultural and Forestry Census.

' Farmer with one or more part-time workers among household members.

12 Farmers with household members under the age of 65 who are mainly engaged in self-
employed agriculture for 60 days or more per year, with mainly agricultural income (more than
50% of farm income).

13 Farmers with household members under the age of 65 who are mainly non-farm income (less
than 50% of farm income) and are engaged in self-employed agriculture for 60 days or more
per year.

4 Farmers with no household members under the age of 65 who are engaged in self-employed

farming for 60 days or more per year (farmers other than main and semi-main farmers).
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To comprehensively understand the relationship between FLA and individual farm households
on the local scale, two surveys were carried out in Sera town, Hiroshima Prefecture (details
have been introduced in 2.2.3). In the first, the targeted groups were visitors who came to Sera
roadside station (in Japanese: Michinoeki) and local individual farm households. First, the
author randomly asked 101 people (not only local people, but also people who live in nearby
cities who came to Sera roadside station for shopping) some questions about their awareness
of FLA in Japan and their willingness to encourage their children to engage in agriculture in
the future. Results suggested that just over half (53%) of the participants would not be willing
to encourage their children to engage in agriculture while 27% people would encourage their
children to engage in agriculture (Figure 5-4(a)). The answers imply that the future of
agriculture is facing challenges with less people interested in farming activities. In Japan, it is
common that the younger generations think agriculture is labor-consuming and boring, and this
trend has caused many issues, such as FLA and a lack of successors in the agriculture sector
(Yamashita & Hoshino, 2018). When asked about their awareness of FLA in most areas of
Japan, 83% of respondents answered that they knew of this issue while only 15% of people
knew little about FLA (Figure 5-4(b)).

(a) Willingness to engage in agriculture (b) Awareness about FLA in Japan

Figure 5-4 Local people’s opinion on FLA(N=101)

The author also conducted a second survey to evaluate households’ opinions of FLA and
agriculture. Among 24 households from Sera town, Hiroshima Prefecture. First, the author
asked farmers’ primary purpose for engaging in agriculture. Eleven households responded that

they just wanted to maintain the farmland which was inherited from their ancestors, and four
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households replied that they were engaged in agriculture for self-subsistence (Table5-1(a)). In
Asian countries such as China and Japan, farmers regard their farmland as a treasure inherited
from ancestors. As a result, farmers would rather abandon their farmland than transfer it to
others (Li & Li, 2016). Thus, the respondents were passively engaged in agriculture with a low
level of economic activities. Second, the author investigated the frequencies of children’s help
in agriculture. Seven households reported that their children helped them only at busy times,
while five households had never received any labor support from children (Table5-1(b)). This
could be the reason they had to build an organization, such as ICBFC, with other households,
in order to share labor and management resources. Furthermore, the author asked some
hypothetical questions about their future plans for abandoned farmland. Eight households
answered that they would keep the current situation (being abandoned), and five households
answered that they would look for someone else for cultivation (Table5-1(c)). The responses
indicated that when actual abandonment happened, farmers can hardly take any

countermeasures against FLA.

Table 5-1. Questionnaire survey results of individual farm households: (a) Main purpose
for engaging in agriculture (N=17), (b) Frequency of children’ help (N=16), (¢) Future
plan of abandoned plots (N=14)

Source: data from the questionnaire survey of this study.

(2)
Opinions Number of households
To get income from agriculture 2
To maintain the farmland inherited from ancestors 11
To self-sufficient 4
(b)
Opinions Number of households
Frequently (more than 10 times per month) 1
Sometimes (1-2 times per month) 3
Only at busy times 7
Seldom 5
()
Opinions Number of households
To keep the current situation (being abandoned) 8
To look for someone else for cultivation 5
To re-cultivate the abandoned farmland No answer
To look for other possible utilization No answer
Others 1

105



FLA at the Local Scale and Community-based Farming: Case in Hiroshima Prefecture

The second survey also suggested that the socio-economic conditions of farm households are
the major determinants for FLA. The three main reasons for abandoning farmland include lack
of successors (24%,), lack of sufficient laborers (21%) and aging of the householders (17%)
(Table 5-2). Compared with the geographical condition, the socio-economic situations of farm
households are more vital for local farmers to prevent farmland from being abandoned.
Generally, in rural Japan, transportation and accessibility are well maintained, which satisfies
farmers’ requirements to do farming. With regard to preventing future FLA, farmers suggested
that to lease farmland to households that have sufficient laborers (38%) and strong community-
based farming (37%) would be effective in countering FLA (Table 5-3). In this respect, the
results also support the hypothesis that ICBFCs are effective components in HMAs for
promoting agricultural development and alleviating FLA. The next section focuses on ICBFCs
and examine their contributions to managing local agriculture and FLA.

Table 5-2. The main reasons of FLA in the region (N =17)

Reasons Percentage (%)
Lack of agricultural successors 24.0
Lack of sufficient labor 21.0
Damage from wild animals 9.0
Far distance of farmlands 0.0
Low profit of agriculture 10.0
Accessibility of agriculture machine 7.0
Small size of farmlands 7.0
Elderly of farmers 17.0

Source: data from the questionnaire survey of this study.

Table 5-3. The possible solutions for re-cultivating abandoned farmland (N =17)

Solutions Percentage (%)
Every farm household should work harder 6.0
Building of community-based agriculture 37.0
More subsidies from the government 19.0
Leasing of farmland to other households 38.0

Source: data from the questionnaire survey of this study.
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5.2The Role of ICBFCs in Managing FLLA and Local Agriculture

To demonstrate the current situations and future plans of ICBFCs is significant for dealing with
FLA and maintaining local agriculture. As has already been mentioned in the introduction, both
CSA or CBA could be the future direction of farming or agriculture for countries which are
facing serious labor issues. CSA or CBA models allow the producer and consumer to share the
labor and risks of farming (Ryan, 2003). ICBFCs are established by well utilizing local-
community resources and creating new values through local business; these are essential means
of preserving local development (Peredo & Christman, 2006) and they largely deal with labor
shortage caused by aging and depopulation. As such, ICBFCs also try to realize integrated
management of agricultural resources, which attempts to optimize, over the long-term, rural
society’s benefits and acts as a promising countermeasure for sustainable development as well.
The establishment of ICBFCs in Japan can be traced back to 2000 when the Japanese
government adopted a comprehensive strategy for rural agriculture development and aimed to
improve rural living and producing conditions. The current administration emphasizes the
“corporatization” (in Japanese: hojinka) of the agricultural sector as being an opportunity to
revitalize the economically backward peripheries, and to prepare agriculture for international
competition (Jentzsch, 2017). The number of ICBFCs in Hiroshima Prefecture is increasing
year by year, reaching 275 by 2018. Their spatial distribution is highly in accordance with the
agriculture resources and historical traditions of community-based farming in the
municipalities (Figure 5-5). The biggest number of ICBFCs was highly concentrated in the
central areas of Hiroshima Prefecture such as Sera town, Mihara city and Higashihiroshima
city. The northern parts like Kitahiroshima, Akitakata, Miyoshi and Shobara cities also have
more ICBFCs than the southern cities such as and Hiroshima, Kure, and Takehara cities.
Coastal areas have less numbers of ICBFCs due to the small number of cropland and low
accessibility.

In the study, the author believed that ICBFCs are not only for maintaining local agriculture but
can also have the functions of alleviating the trend toward FLA. So far, most previous studies
on FLA focuse on individual farm households and their behavior; FLA has not been well
understood and evidenced from a local-community perspective. Scholars have suggested that
farm household decisions are an essential domain to measure the drivers or determinants of
FLA. Nevertheless, although there are many articles on the methodologies used to predict ideal
farmland conservation based on the optimization of management resources, there are few

studies that model farming activities and development of ICBFCs that could improve labor
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conditions and maintain local agriculture. This chapter tries to evaluate the function of ICBFCs
to manage regional agriculture and mitigate FLA comprehensively. The case in Japan (with
many ICBFCs to work against FLA and promote agriculture, especially in rural areas) can be
an excellent example for understanding the setting and development of ICBFCs. Such
innovative ideas could also have significant meaning in managing future FLA and promoting
agriculture in other countries of the world. Such development might prove a promising way to

deal with FLA in the future.
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5.2.1 Classification of ICBFCs

Based on the two surveys, the author analyzed the business situations of ICBFCs. As shown in
Table 5-4, there are great differences in Hiroshima Prefecture ICBFCs’ types and household
participation. Overall, 57.5% of the ICBFCs are categorized as all farm household participatory
type: most of all farm households in a specific area joined for conducting agriculture activities
and manage their farmland. The remaining ICBFCs, 28.5% are of the large farm households’
participatory type: only large farm households participated in the ICBFCs. 14.0% of ICBFCs
belong to other types including companies or those managed by volunteer farm households.
The average number of farm households that participated in ICBFCs is 36 and the average
participation rate in ICBFCs is 65.9%. Such results suggest that more than half of farm
households participated in ICBFCs to conduct agriculture and contribute in large part to the
agriculture development in the municipality.

Table 5-4. Basic information of ICBFCs in Hiroshima Prefecture

Description Value

1 All farm households participatory type (&7 Z1%)  57.5%

Type 2 Large farm households participatory type (LW FH0y 28.5%
(N=168) )

3 Others 14.0%
Average farm household participated in ICBFCs (N147) 36
Average rate of ICBFCs in the municipality (N=102) 65.9%

Source: data from the questionnaire survey of this study.

Table 5-5. clearly displayed the information and business statues of three ICBFCs (K, S and P)
in Hiroshima Prefecture. K was established in 2009 and the business scale was not big in terms
of farmland areas. In contrast, the scales of S established in 2010 and P established in 2015
were much bigger. It can be observed that the three ICBFCs share some similarities in regard
to their management. First, the agriculture is centered on rice production. although many
ICBFCs have been making a efforts to sell processed and value-added products, such as flower
cultivation (Imai et al., 2008). Second, ICBFCs basically own some agricultural machines,
which allows them to improve their productivity and working efficiency. Third, ICBFCs

heavily relied on subsidies from government to help with their management.
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Table 5-5. Examples of ICBFCs in Hiroshima Prefecture

Name of the ICBFC K S P
All farm households Large farm households Others, farm company (££
Type participatory type (42/7  participatory type (FH\\F Xath)
Z ) A
Year of establishment 2009 2010 2015
Households number 13 57 43
Male 7 8 5
Member information Female 7 1 6
Employer 4 9 10
Farmland Paddy field (ha) 12 32 19.3
information Cropland (ha) 0.9 2.1 4.3
Fruit land (ha) 0.2
Location Sera town Akitakada city Higashihiroshima city
Expenditure in 2018 10,970,000 32,270,000 15,200,000
Sales in 2018 11,006,000 36,400,000 13,360,000
Agricultural Tractor (4), Rice planting  Tractor (3), Rice planting Tractor (3), Rice planting
machines machine (3), combine machine (1), combine machine (1), combine
harvester (3) harvester (2), cultivator harvester (1), cultivator (1)
(6), boom sprayer (1)
Subsidies DPS, 2014-2019 No information DPS, 2016-now
2,000,000/year 2,080,000/year
Negative, it will become  Negative, with the trend of Positive, FLA is a by-
Attitude to FLA a hiding place for birds  depopulation and aging, it  product of the adjustment

and beasts, and it is a
source of disaster and

flood damages

become difficult for re-
cultivation of abandoned

farmland

of rice production policy,
and currently there is no

need to worry about it.

Source: data from the questionnaire survey of this study.

Table 5-6 presents the farmland condition and member information of three types of ICBFCs

in Hiroshima Prefecture. For farmland conditions, the majority of ICBFCs responded that they

have paddy fields with an average area of 33.78 ha. Type 1 ICBFCs have an average of 55.9

ha paddy field. Cropland is not dominant in most ICBFCs, which have an average area of 2.2

ha. The average fruit field areas are 12.9 ha. Regarding members’ age, 46.3% of ICBFC

members are aged over 70 years old, and 33.5% of ICBFC members are aged between 60 and

70 years old. The aging issue in ICBFCs is also serious.
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Table 5-6. Farmland area and members

Total Typel Type2 Type3

Average area of paddy field (ha) 33.8 55.9 26.8 22.1

Farmland Average area of cropland (ha) (N = 45) 2.2 2.1 1.2 4.1
Average area of fruit field (ha) (N =17) 12.9 21.5 0.8 0.6

Below 30 years old (people) 0.8% 22 9 7

30-40 years old (people) 1.5% 55 9 4

Members 40-50 years old (people) 5.0% 222 18 7
Age 50-60 years old (people) 13.0% 576 13 26
60-70 years old (people) 33.5% 1417 55 51

Over 70 years old (people) 46.3% 1885 45 219

Source: data from the questionnaire survey of this study.

5.2.2 How do ICBFCs contribute to the management of local agriculture?

ICBFCs can contribute to the agriculture development through building connections and
developing intensive management to improve workers’ skills through workshops or trainings.
As previously discussed, the author focused on ICBFCs instead of individual farm households
because ICBFCs have played a key role in local agriculture development, especially in rural
areas. On the one hand, ICBFCs can strengthen connections and communications among local
farmers to enhance the information sharing (Figure 5-6 (a)). From the survey, approximately
half (52%) of the ICBFCs answered that they cooperate with other ICBFCs. Outsourcing of
work and agriculture machine loans are the most common cooperation they engage in (Figure
5-6 (b)). On the other hand, ICBFCs could help local farmers to improve their skills by sharing
information such as holding seminars or workshops. More than half of the ICBFCs reported
that they have held workshops, and 45% of ICBFCs had workshops 1-3 times a year (Figure
5-7). The themes of workshops also varied among ICBFCs and include measures against
damage by wild animals (26.4%), new agriculture technologies (23.6%) and management skills

(20.1%) are the most expecting themes (Table 5-6).
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Figure 5-6 Connections among ICBFCs (N=162)
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3-5 times a year, 13,
8%

Figure 5-7 Frequency of holding workshops (N=162)

Table 5-7. The theme of workshops (N=162)

Themes Percentage (%)
Agriculture technology 23.6
New items (brand) 43
Management skills 20.1
Measures against wild animal damages 26.4
Sales (marketing, logistics) 7.1
Production and quality control of agriculture products 17.0
Others 1.6

Source: data from the questionnaire survey of this study.
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ICBFCs have implemented some measures for maintaining local farmland. The installation of
fences to prevent wild animal damages is the most common measure that they have
implemented (34.7%). In addition, cultivation of multiple crops other than rice (23.7%) and
environmentally friendly initiatives such as pesticide-reduction cultivation and organic farming
(19.5%) is in progress (Table 5-7).

Table 5-8. Measures that ICBFCs have implemented for maintaining local farmland?

(Select the most important three answers)

Measures Percentage (%)
Reduced pesticide or organic farming 19.5
Cultivation of various crops other than rice 23.7
Cultivation of landscape crops 7.2
Installation of fences to avoid wild animal damage 34.7
Combined management and six industrialization 10.9
Others 10.0

Source: data from the questionnaire survey of this study.

5.2.3 How do ICBFCs contribute to the prevention of FLA?

At the municipalities level, the number of ICBFCs and FLAR were inversely correlated, which
indicated that ICBFCs could help to reduce FLA.

In order to investigate the relationship between the number of ICBFCs and FLA, the author
calculated the number of ICBFCs and FLAR for each city in Hiroshima Prefecture (Figure 5-
8 (a)) and each Prefecture in Japan (Figure 5-8 (b)). The correlation between the number of
ICBFCs and FLAR at city level in Hiroshima Prefecture implies that ICBFCs have played an
active role in countering FLA (R?= 0.44) (Figure 5-8 (a)). By contrast, the correlation between
the number of ICBFCs and FLAR at Prefecture level in Japan does not exhibit a strong
relationship compared to city level (R?= 0.07) (Figure 5-8 (b)). On the one hand, it is thought
that the relationship between the numbers of ICBFCs and FLA is not strong at the level of the
Prefecture. The reason is because the factors that affect FLA, such as topographical conditions
and agricultural structures, varied widely among Prefectures. On the other hand, by comparing
the data of each municipality on a prefectural basis, the influence of topographical conditions
and agricultural structures will be reduced. As such, the relationship between ICBFCs and FLA
appears much stronger (Yabiki, 2015).
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ICBFCs collected farmland from farm households and made great efforts to promote local
agriculture and to preserve farmland. In Hiroshima Prefecture, about 16% of ICBFCs reported
that they have owned abandoned farmland (Figure 5-9). The number is not a large ratio and
most ICBFCs only lease well-conditioned farmland from farmers. However, when there is FLA,
most ICBFCs lack effective countermeasure to deal with this process. It is also difficult for
ICBFCs to re-cultivate the abandoned farmland or to utilize it effectively. ICBFCs with FLA
also answered that they would keep the abandoned farmland in its current condition or as
grassland and forest land (Table 5-8). Some ICBFCs also mentioned they were regularly
mowing on abandoned farmland to avoid damages from wild animals and maintain the
possibility and potential for re-cultivation. Of ICBFCs, 28% answered that they had
experiences of re-cultivating abandoned farmland: the average area for re-cultivation is 1.97

ha.

Number of CBFCs with abandoned farmland

M Yes

u No

Figure 5-9 Ratio of ICBFCs that owned abandoned farmland (N=167)

Table 5-9. Actions been implemented for abandoned farmland in ICBFCs

Restrictions Percentage (%)

For grassland or forest land 25.0
For preventing from wild animal damages 10.4
For being watered 8.3
For landscape crops 8.3
For keeping current situation 25.0
Others 23.0
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Many restrictions hinder the re-cultivation of abandoned farmland in ICBFCs. The most
challengeable restrictions for re-cultivation came from financial situation (33.9%) and labor
condition (23.4%) with 42 and 29 ICBFCs responses, respectively (Table 5-9). Regardless of
whether they have owned abandoned farmland or not, the author also asked ICBFCs for their
opinions on FLA. 90 % of ICBFCs argued that FLA is a problem. Giving the reasons such as
that abandoned farmland will destroy the landscape and will transfer into habitat of wild
animals easily. The most common reasons for FLA in the region are lack of successors (17.7%),
aging of farmers (17.3%) and the low profit of agriculture production (13.3%) (Table 5-10).
For both Type 1 and Type 2 ICBFCs, lack of agricultural successors and aging of farmers are
the most crucial restrictions. For Type 3 ICBFCs, the lack of agricultural successors became

more critical than the aging of farmers.

Table 5-10. The restrictions for re-cultivating abandoned farmland

Restrictions Percentage (%)
It costs more money 33.9
It costs more labor 23.4
Ownership of abandoned farmland is unclear 8.1
Abandoned farmland is too dispersed 8.9
New ideas are indispensable 15.3
Others 10.4

Source: data from the questionnaire survey of this study.
Table 5-11. The most important reasons for FLA in the region?

(The most important three answers selected)

Reasons Percentage (%) Typel Type2 Type3
Depopulation 8.1 83 7.3 8.9
Lack of agricultural successors 17.7 18.0 15.9 17.8
Lack of enough labor 10.6 10.4 10.1 13.3
Damage of wild animals and birds 10.8 10.4 14.5 8.9
Farmland is too far away 0.5 0.3 1.5 0.0
Low profit of agriculture 13.3 13.5 13.0 11.1
Bad accessibility of agricultural machines 7.0 6.1 8.7 11.1
Small size of farmland 12.2 12.5 10.1 13.3
Aging of farmers 17.3 18.0 15.9 2.9
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Others 2.5 2.5 2.9 2.2

Source: data from the questionnaire survey of this study.

ICBFCs also proposed some possible countermeasures against future FLA. The three types of
ICBFCs were suggested in order to prevent or re-cultivate future FLA; the government should
pay more subsidies to support agriculture (28.0%); the community-based farming scheme
should be developed (24.0%); and farmland should be leased to households with sufficient
labor (10.9%) (Table 5-12).

Table 5-12. Effective countermeasures to mitigate further FLA

(The most important three answers selected)

Countermeasures Percentage (%) Typel Type2 Type3
Individual farm household should put more effort 13.4 12.3 21.6 9.7
Developing more ICBFCs 24.0 25.0 19.6 22.6
More help from households with sufficient labor 43 4.5 0.0 9.7
Government should pay more subsidies 28.0 28.0 29.4 25.8
More help from people in other industries 9.7 10.1 5.9 12.9
Leasing of farmland to households with sufficient 10.9 10.8 13.7 6.5
labor

Others 9.7 93 9.8 12.9

Source: data from the questionnaire survey of this study.

5.3The Future Direction of ICBFCs and FLA

In response to the weakening of agriculture, the Japanese government updated its law for
sustainable agricultural practices to the Basic Law on Food, Agriculture and rural Areas, which
began to be enforced in 1999. This law was necessary for promoting agricultural production
that remains in harmony with the environment without compromising food security, thereby
leading to a healthy development of agriculture. The law aims to stabilize and improve people’s
lifestyle and to develop the economy through comprehensively and systematically
implementing policies on food, agriculture and rural areas by means of establishing basic
principles (MAFF, 2015). Recently, policymakers in Japan have focused their attention on
improving the competitiveness of the agricultural sector by initiating some direct payment
programs to larger farms, as well as reforming land regulations to make it easier for farms to
increase in size (OECD, 2009). In relation to farmland with unclear ownership which is

common for public projects and consolidation of fields and forested areas, the government set
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out the policies which make it available for establishing a farmland registration system and the
state of land ownership (Ministry of Land, Infrastructure & Land, 2018).

In the past two decades, Japan’s government formulated two most important policies to adjust
the structure of and revitalize agriculture such as the adjustment of rice production (in Japanese:
Gentan seisaku) (Matsuno et al., 2006) and the direct payment scheme (DPS) (in Japanese:
Chokusetsu Shiharai) (Ito et al., 2019). The adjustment of rice production has been in place
since the 1970s to encourage farmers to switch crops to a demand-oriented production and to
diversify the use of agricultural land. Eventually, this policy maintained the price of rice in the
face of overproduction (D. Takahashi, 2015; Kobari, 2018). DPS was initially set up to
highlight and enhance the agricultural multifunctionality in HMAs, and, to assist in addressing
the challenges of aging and depopulation, limited non-farm employment, and the deterioration
of the living environment (Ito et al., 2019).

Regarding those two policies, ICBFCs exhibited very distinct opinions on them (Figure 5-10).
35 out of 157 ICBFCs replied that the adjustment of rice production is effective and 34 and 28
thought it had little or no effect. The adjustment of rice production that has been in place since
1970 is facing some challenges. The Government wants to terminate this policy in order to
build a free-competition environment for farmers, and they are seeking a more practical
approach to maintaining farmland. Compared to the adjustment of rice production, DPS
indicated a much stronger effect. 106 out of 157 ICBFCs supported this scheme and think it
was very effective. In contrast to the European context, this fund is paid to ICBFCs instead of
directly to individual households. Despite receiving the subsidy, a large number of ICBFCs is
still facing financial problem. The effectiveness of the DPS that was initiated in 2000 to prevent
FLA or encourage re-cultivation should also be optimized. In addition, the DPS should also
consider intraregional agricultural characteristics to avoid negative effects of subsidies that
support farm businesses under a rapidly changing farm environment (Iba, 2010). For instance,
the DPS needs to develop a spatially explicit, regionally specific subsidy system that targets
different crops or farming structures. As such, promoting the development of smart agriculture

and structural reform to address FLA will be more effective.
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Figure 5-10 Opinions on DPS and “Adjustment of rice production” by ICBFCs in
Hiroshima Prefecture. (N=157)

ICBFCs have played an active role in maintaining local agriculture and farmland with various
advantages. The most apparent advantages for ICBFCs include working efficiency, which is
improved by large-scale mechanized agriculture (25.4%), the effects of working against

depopulation (23.1%), and agricultural cost reduction (19.6%) (Table 5-12).

Table 5-13. The merits for setting ICBFCs

Merits Percentage (%)
It is easier to secure labor than individual farmers 11.4
Reduce agricultural costs 19.6
Work against depopulation 23.1
FLA mitigation and farmland management 14.5
Active farmers’ connection 4.2
Work efficiency is improved by large-scale mechanization 25.4
Others 1.8

Source: data from the questionnaire survey of this study.
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Regarding of the future development of ICBFCs, there are many challenges and much
potentials. On the one hand, for the future development, most ICBFCs want to improve their
financial situation (19.1%), to utilize advanced technologies to help agriculture (19.1%), and
to cultivate various crops other than rice (17.7%) for future development. For type 3 ICBFCs,
combined management and six industrialization has received the most answers (19.4%) (Table
5-13). On the other hand, regarding the future challenges, lack of human resources and
successors (24.4%), the increase in the number of elderly people (20.1%), and uncertainty of
future of agricultural policies (15.6%) are the most significant concerns with regard to future
challenges. The survey results indicate that 59.2% of ICBFCs have successors, while 27.4% of
ICBFCs do not have any heirs (Table 5-14). In some other areas, training for successors has
already been conducted, and it seems to be easier to find a successor for a ICBFC than for an
individual farm household (Takeo et al., 2014).
Table 5-14. Future development plan of ICBFCs

(Select the most important three answers)

Future plan Percentage (%) Typel Type2 Type3
Reduced pesticide or organic farming 14.9 15.1 143 13.9
Cultivation of various crops other than rice 17.7 18.0 17.1 16.7
Cooperation with local universities or research institutes 4.0 3.2 43 11.1
Combined management and six industrialization 12.5 12.0 11.4 19.4
Maintaining good relationship with non-ICBFC farmers 7.1 6.3 11.4 5.6
Financial improvement 19.1 19.6 18.6 13.9
Utilization of advanced technologies to help agriculture 19.1 20.5 18.6 8.3
Others 5.6 54 4.3 11.1
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Table 5-15. Challenges for the future development of ICBFC

(Select the most important three answers)

Future plan Total Percentage (%) Typel Type2 Type3

Lack of human resources and successors 24.4 25.1 19.7 24.4
Increase in the number of elderly people 20.1 22.0 10.6 20.0
Burden of maintenance cost 34 2.5 6.1 6.7
Inconvenient for transportation and shipping 1.1 0.3 4.5 2.2
Management dependent on government subsides 11.3 12.1 9.1 8.9
The future of agricultural policies is unclear 15.6 15.8 18.2 11.1
Unstable price of agricultural products 12.0 11.3 15.1 13.3
Inefficiency of agricultural work due to 3.8 2.5 9.1 6.7
dispersion of farmland

Increase of people who are innocent to ICBFC 6.6 7.3 3.0 4.4
management

Others 1.5 0.8 4.5 2.2

Source: data from the questionnaire survey of this study.

5.4Discussion of Findings

The establishment and development of ICBFCs can promote the future management of FLA

and local agriculture. The flow chart in 5-11 depicts the flowchart of how ICBFCs work to

promote FLA management and local agriculture. On the one hand, ICBFCs contributed greatly

to the prevention and management of FLA. For the municipalities with larger numbers of

ICBFCs, the FLAR is lower, as the survey results indicated. The socio-economic condition,

such as lack of labor and successors, and aging farmers in farm households or ICBFCs are more

prone to affect the FLA trend. On the other hand, ICBFCs promoted local agriculture

development mainly through building connections among ICBFCs and farm households, which

can improve information sharing; by intensive management of agriculture and share resource

or labor which can maximize profit; or by implementation new technology, such as organic

farming and utilization of high technologies (drones, robots, Al).
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5.5Summary of Findings

In Japan, the development of ICBFCs is an essential strategy for rural restructuring and
improving the efficiency of agricultural production. This chapter has presented the opinions of
individual farm households and ICBFCs regarding FLA and has investigated their
contributions to local agriculture development. The findings imply that the ICBFCs have
played a significant role in ensuring local agriculture development and working against
depopulation and lack of labors. For the future development, ICBFCs should be encouraged
and could be a promising countermeasure for FLA.

The major findings of this chapter are as follows:

First, the three main reasons for local farm households to abandon their farmland are: lack of
successors, lack of sufficient laborers, and aging of farmers. For ICBFCs, the major
determinants are lack of successors, aging of farmers, and low profit from agriculture
production.

Second, most farm households and ICBFCs exhibited a negative attitude to the future FLA. An
inverse correlation between FLA and ICBFCs at the municipality level suggested ICBFCs do
have an effective role in preventing FLA. In addition, more financial support from the
government is required to manage future FLA.

Third, labor conditions are more significant for individual farm households while the economic
situation of ICBFCs is the key to solving for FLA. Similarly, for future countermeasures
against FLA, individual farm households are more concerned about labor conditions, and
ICBFCs regard the financial situation as more significant.

Fourth, ICBFCs can mainly contribute to agriculture development in two regards. ICBFCs can
strengthen connections and communications among local farmers; and agriculture skills can
also be improved through periodic workshops. On the other hand, ICBFCs can also improve
the working efficiency and ensure the adequacy of labor conditions by intensive management.
Finally, regarding future development, financial and labor conditions are key issues for
sustainable ICBFC management. Many ICBFCs also expressed a desire for mutual support
from the government and farmland management organizations. Meanwhile, they also expect

more of the young generation to return to the rural areas (Lutz et al., 2017).
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CHAPTER 6 DISCUSSIONS AND CONCLUSIONS

This research aimed to investigate the issue of Farmland Abandonment (FLA) in Japan,
including its spatial and temporal patterns, determinants, and countermeasures. The study
focused on the national, intraregional, and local scales for explicitly explaining the issue of
FLA in Japan, and then finally to reveal its mechanism. Based on an introduction of research
background regarding both historical and theoretical aspects, literature review, research aims,
scope and framework, the significance of the study was fully elaborated (Chapter 1). Then, a
preview of the study area and data has been presented and discussed. Especially, the three
scales in this study were significant for conducting research and revealing the mechanisms of
FLA comprehensively (Chapter 2). FLA at the national scale of its spatial and temporal patterns,
determinants and regional variations were displayed and discussed. (Chapter 3). From the
intraregional scale, the correlation between agricultural characteristics and FLA has been
examined and demonstrated, findings offered a new perspective to explain the process of FLA
(Chapter 4). FLA at the local scale by selecting individual farm households and (Incorporated
Community-Based Farm Cooperatives) ICBFCs was explored (Chapter 5). The results at each
specific case allow us to have a comprehensive understanding of FLA. The lessons learned
from the findings enhanced the understanding of FLA, its intraregional differences, and
prevention of FLA by making better farmland use suggestions. Which also supported to have
some future recommendations for the better management of FLA and agriculture development
in Japan and to the world.

In this chapter (Chapter 6), first, the author discusses the mechanisms of FLA in Japan and the
findings of the FLA at each specific scale are summarized under the research objectives.
Especially, the author discusses whether the findings reached the objectives and how the study
contributes to the objectives. Second, the current policies on FLA and agriculture are reviewed
and discussed. Some of the critical findings assist in forming explicit policy implications for
both central and local government. Third, the session is about the suggestions and thoughts
regarding current FLA in Japan and its future development, which contains the suggestions for
farmers, ICBFCs. Additionally, the Ilimitation of this study and future research
recommendation are provided. Finally, the last part is the discussion and future direction of
this study. How to well utilize and interpret the research results into actual FLA and agriculture
management in Japan are discussed. The results also provide farmers some suggestions about

FLA and future agriculture development.
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6.1Discussions on FLA in Japan

From the national scale, similar to other countries, FLA in Japan is also primarily driven
by socio-economic factors. In recent years, socio-economic strategies are likely to be integrated
into agricultural management and related projects, which will change the existing businesses
according to social issues, and redefine resource development and value chains (Kataoka,
2018). As heavily depopulated especially in rural areas, Japan has an unfavorable socio-
economic condition of agriculture, which adversely promotes the increase of abandoned
farmland. From a national scale, FLA in Japan is due to its subsistence farming. The high share
of self-sufficient farm households and land tenure non-farm households promote the process
of FLA. After the higher economic period, due to the aging and depopulation in Japan, elderly
farmers lack sufficient labor and rely on mechanization while young people have lost their
passion for agriculture, and thus the conversion of farm households from commercial to self-
sufficient was expected. From the result, the arable land ratio of self-sufficient farm households
exhibited the most significant positive effect. It seems that there are limited commercial
activities for elderly farmers to engage in agriculture or farming, or many of them engage in
agriculture for their own living, thereby increasing the likelihood that farmers will abandon
their farmland when encountering difficulties. In addition, monocropping of rice also led to
FLA, especially, cropland and fruit fields contributed the most to abandonment. Japanese
agriculture is centered around rice cropping, where rice paddy fields are essential components
of agriculture, accounting for 54.3% of the total arable land area (Rudel et al., 2005). However,
paddy field areas are declining, partially due to policies such as the adjustment of rice
production (Matsuno et al., 2006). However, numerous farm households, especially self-
sufficient households, were not willing to change their land to other crops, and this policy
became ineffective. The result also showed a negative correlation between the paddy field
density and FLAR in most regions, which indicated that paddy fields are easy to maintain, and
farmers are fond of rice farming. Monocropping is unfavorable for agriculture in many regions
because it might be vulnerable to keep agriculture sustainability. How to change people’s
consciousness and diversify the use of farmlands remain future challenges for the Japanese
government and society. Lastly, agriculture in Japan relies heavily on subsidies (George-
Mulgan, 2004). For instance, a direct payment scheme was issued since 2000 in HMAs to
maintain farmland and revitalize agriculture (Grodinaru et al., 2015). In contrast to the
European context, this fund is paid to community-based farming unions instead of directly to

individual households (Jentzsch, 2017). Many areas ill-suited to agriculture depend heavily on
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these two subsidies; hence, the approaches were not effective at maintaining the farming of
good-quality agricultural land. Thus, the situation brought little benefit to agricultural
development, and it was not effective in preventing the expansion of abandonment.

From the intraregional scale, FLA correlates with intraregional agricultural characteristics of a
region. Until 2018, the Chugoku and Shikoku region experienced the highest FLAR in Japan,
and the driving forces behind this trend are complicated. Since 1979, the One Village One
Product (OVOP) scheme, initially adopted in Oita Prefecture, has been in place in Japan as an
idea for regional agriculture revitalization. Also influenced by the OVOP scheme, agricultural
characteristics in the Chugoku and Shikoku region display great diversity. The OVOP
movement advocated for the sales of products that best represent the locale, thereby generating
income and improving the local economy (Schumann, 2016). Agricultural characteristics, such
as products, scale, and labor conditions, were improved to fit local situation. From PCA, 8 PCs
were identified in our study to describe the intraregional characteristics of agriculture in the
Chugoku and Shikoku region and each PC displays significant spatial variations. This diversity
is reflected in an explicit intraregional division among farming areas. The MLR models display
higher explanatory power for flatland farming areas and intermediate farming areas than for
the other two areas. From intraregional scale, in flatland farming areas and intermediate
farming areas where agriculture is more stable and easier to maintain, the causes of FLA are
more influenced by changes in agricultural characteristics than geographical conditions. For
the urban areas and mountainous farming areas, the MLRs exhibit lower explanatory power
than for the other two areas. The land use situations are more complex in urban areas, where
factors such as urbanization could have a stronger influence on FLA (Ruskule et al., 2013). In
contract to this, in mountainous farming areas, because the effect of altitude on agricultural
tends to be non-linear, small changes in altitude and slope matter more than low-lying areas
(Yamaguchi et al., 2016).

From the local scale, FLA is influenced chiefly by socio-economic condition of local
agricultural stakeholders such as farmers or ICBFCs. Table 6-1 concluded the determinants of
FLA and opinions of future development of individual farm households and ICBFCs. For the
main determinants of FLA, both individual farm households and ICBFCs stated that lack of
successors and aging of farmers were the two important variables; this corresponds to many
previous findings (Yamashita & Hoshino, 2018; O’Rourke, 2019). The issue of lacking
successors is not only a challenge for the individual farm households but for the future

development of ICBFCs as well. For individual farm households, a lack of laborers is an
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important determinant because if they engage only in their family’s agriculture, ensuring
enough labor will be difficult, while for ICBFCs, the low profit in agriculture production
becomes vital as they are trying to maximize their profit. This is following the bid rent theory
and farmland that have good condition have been preserved. Regarding the management of
FLA, both individual farm households and ICBFCs think that remaining the current condition
(being abandoned) is the best solution. ICBFCs also conducted seasonal management such as
mowing and building fences in the abandoned farmland. Such measures can protect the
farmland from wild animal damages and ensure the farmland is easily re-cultivated in the future.
For the future management of FLA, leasing of farmland to households with sufficient labor is
more essential for individual farm households, while having greater subsidies from the
government to support agriculture strikes is most essential for [CBFCs. Both of individual farm
households and ICBFCs mentioned that to develop a CBA scheme is a promising
countermeasure for FLA in the future.

Table 6-1. Comparison of individual farm households and ICBFCs

Individual farm households ICBFCs
Lack of successors Lack of successors
The main factors Lack of sufficient laborers Aging of farmers
affecting FLA Aging of farmers Low profit of agriculture

To keep the current situation To keep the current situation
How to manage current (being abandoned) Transfer into forest or grass land
abandoned farmland To look for someone for help  Others
Others
Lease farmland to households More subsidies to support
with sufficient labor agriculture
Suggestions for Community-based farming Community-based farming
managing future FLA  More subsidies to support Lease farmland to households

agriculture with sufficient labor
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6.2Summary of Findings

6.2.1 Spatial and temporal patterns of FLA in Japan

The spatial and temporal patterns of FLA in Japan suggest the diverse development of
agriculture due to the variations in the country’s geographical condition as well as agricultural
characteristics.

Spatial patterns of FLA in Japan are uneven, and different regions exhibit different extents of
FLA, which strongly correspond to regional geographical conditions and agricultural
development. On national scale, it can be recognized that most abandoned farmland is
concentrated in the Chugoku and Shikoku, Kanto, Kyushu, and Chubu regions, in contrast to
other regions that have good agricultural conditions, such as the Hokkaido and Tohoku regions.
On the intraregional scale, it can be noticed that FLA happened in most HMAs and island areas
where are not suitable for agriculture production. Farmland in coastal areas also has a higher
possibility of being abandoned and exhibits a higher FLAR than inland areas, such as in
Tohoku and Kyushu regions. In regard to the local scale, FLA has been chiefly observed in the
mountainous areas far away from major transportation systems. Farmland in small size and
narrow shape is also easily becoming abandoned plots.

Regarding the temporal patterns of FLA in Japan, the trend of FLA is increasing nationally
with more and more abandonment every year. A national-scale FLAR and their temporal
variations from 2005 to 2015 imply that this trend increased from 9.66% in 2005 to 12.14% in
2015. A prefectural wise FLA tells us that most Prefectures observed an increase of FLAR,
while only a few Prefectures have decreased in this trend. In 2005, the highest FLAR was
observed in Nagasaki Prefecture with 27.13%; Yamanashi and Gunma Prefectures followed
with values of 23.41% and 20.86%, respectively. In 2015, the highest FLAR was observed in
Hiroshima Prefecture, with 27.14%, followed by Yamanashi and Nagasaki Prefectures, with

values of 26.85% and 26.72%, respectively.

6.2.2 Determinants of FLA

Determinants of FLA are usually complex and can be interpreted from different scales. From
the findings, the determinants of FLA are summarized in Table 6-2. On the national scale, the
overall situation of FLA and its determinants has been examined. In general, household-related
variables, such as the arable land ratio of self-sufficient farm households, displayed the most
significant positive correlation with FLA; non-successor farm households were also positively

correlated with FLA. In contrast, the arable land area per farm household and the laborers per
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farm household were negatively correlated with FLA. For farmland-related variables, paddy
field density exhibited a significant negative correlation with FLA. In addition, determinants
of FLA are spatially varied according to local geographical or socio-economic circumstances.
Different variables in global regression displayed different explanatory ability in local
regressions. FLA is caused by complex processes driven by interactions of multiple
determinants. Even within one region, the determinants might be different depending on
specific local circumstances.

On the intraregional scale in the Chugoku and Shikoku region, the results revealed a significant
correlation between agricultural characteristics and FLA. Variables selected to measure the
agricultural characteristics in the study region can explain nearly 52.8% of the variations of
FLA. The sales orientation and scale of agriculture have the strongest negative correlation to
FLA in the region, while the status of agricultural succession displayed the strongest positive
correlation to FLA. The high FLA in the Seto Inland Sea areas is chiefly due to the low profit
of fruit production and the changes of the market prices. In flatland farming areas and
intermediate farming areas, where agriculture is more stable and easier to maintain, FLA is
more strongly influenced by changes in agricultural characteristics than by geographic
conditions such as slope or altitude.

On the local scale, most farm households and ICBFCs expressed a major concern to FLA for
future agriculture development. The main reasons of FLA with farm households are lack of
successors, lack of sufficient laborers, and aging of farmers. For ICBFCs, the major
determinants are lack of successors, aging of farmers and low profit of agriculture production.
ICBFCs can contribute to the prevention of future FLA and agriculture through intensive
management and connection building. For the future development of agriculture, the labor
condition is more significant for individual farm households while the economic situation of

ICBFCs is the key to deal with FLA.
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Table 6-2. Different determinants of FLA and their influences at three scales

Scale Determinants Influence
Arable land ratio of self-sufficient farm households +
Non-successor farm households +
National Arable land area per farm household ;
Laborers per farm household _;_
Paddy field density "
Slope of farmland
The sales orientation and scale of agriculture +
Intraregional The status of agricultural succession B
The fruit production agriculture "
Lack of successors +
Aging of farmers +
Local Low profit of agriculture :

Lack of sufficient laborers

Development of ICBFCs

+ refers to positive influence; - refers to negative influence

6.2.3 Countermeasures of FLA

Regarding countermeasures and suggestions to prevent further abandonment, both the
government and farmers should be well informed of the issue and formulate effective actions
toward FLA.

On the one hand, for the farmers or farm households, the Japanese government should
introduce some new policies or taxation reforms to assist farm households, especially self-
sufficient farmers, to re-cultivate their land or to allow them to easily transfer their farmland to
agricultural cooperatives that have sufficient laborers. For individual farmers and non-
successor farm households, in order to solve the lack of labor, strengthening community-based
farming, and more cooperation of farmers and people in other industries to support agriculture
could be effective solutions to prevent FLA. Leasing farmland to households with sufficient
labor is essential for individual farm households, while receiving more financial support from

the government to support agriculture is most relevant for [CBFCs.
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On the other hand, the prevention of FLA should also consider farmland management. Rice
and paddy fields have played significant roles in agriculture development in Japan and paddy
field density exhibited a positive influence on FLA. Therefore, the high tariff on imported rice
is vital in keeping paddy fields in Japan. As such, policies regarding the rice market are crucial
for promoting agriculture and maintaining farmland. Unclear of farmland ownership is striking

in rural areas, and there is a large amount of hidden abandonment!>

in Japan. The government
should try to identify such farmland and build a farmland sharing system, such as farmland
banks (Jentzsch, 2017), to encourage the formation of networks for farmland transition and

sharing.

6.3Policy Implications

For better management of agriculture and FLA, policies should take the national, intraregional,
local variations, uneven patterns of FLA and agricultural characteristics into account. First,
policymakers should pay more attention to the management of agricultural areas, especially
abandoned farmland, giving due consideration to the potential for natural regeneration and the
historical values of the farmland when dealing with FLA. Second, ICBFCs and large-scale
agriculture management bodies in Japan (Ichikawa, 2011) that are playing an increasingly
active role in maintaining local agriculture and mitigating FLA should be encouraged and
supported. They usually collect farmland from nearby individual farm households in the
municipality using contractual arrangements and help farmers manage their farmland
effectively. Both the central and local governments should provide more support socially and
economically to help the management of such big scale farming. Third, for small farmers and
farm households who lack in laborers, the consolidation and leasing of their farmlands to larger
ICBFCs could be a promising way to maintain their farmlands. For instance, it is necessary to
concentrate and intensify farmland through the operation of the Public Corporation for
Farmland Consolidation (Hoshino, 2001) to core farmers by renting and leasing. The local
government and policies should encourage more young generations to return to rural areas and

engage in agriculture. Finally, the coexistence of small-scale farm households and large-scale

> Hidden abandonment or semi-abandonment is farmland where agricultural production
ceases, but the land is maintained as cultivated farmland. Hidden abandonment is between
cultivated and abandoned land, which has a high risk of being abandoned in subsequent years
(Gradinaru et al., 2015).
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management bodies in the farming sector is significant for the future sustainable development

of agriculture and farmland (Shimizu, 2017).

In general, the government should put more focus on this issue and try to prevent further

abandonment. In view of various local and global needs, Japan should develop agriculture into

a vigorous industry. Here the author provided some policies implications from the three scales:

Implications on the national scale

Farm household structures are essential to promoting agriculture development. The large
shares of self-sufficient farm households and land tenure non-farm households are
unfavorable for future agriculture development. Policies should allow farmland transition
procedures to be more flexible.

There are regional differences in the FLA determinants due to the different of regional
conditions. Therefore, future agriculture policies should pay attention to such variations
and promote agriculture suited to local conditions.

Encourage young generations to come back to agriculture and become agriculture
successors in the future.

Be careful to institute new policies while considering different crops, especially for rice.
To stabilize farm income and consideration of the income insurance for agriculture.

Taxation adjustment for FLA.

Implications on the intraregional scale

Intraregional variations and uneven patterns of agricultural characteristics are vital for the
management of FLA.

Scale of agriculture and access to the market are essential points to secure regional
agriculture development.

Proper zoning and scale-setting of farmland will be important to stabilize the farming

workforce, especially in rural areas.

Implications on the local scale

Building of connections among community-based farming and farmers is crucial for
maintaining agriculture.

Providing guidance and training in agriculture and management are primarily welcomed

by ICBFCs.
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e Financial support to the ICBFCs and labor support to the individual farm households.
e Bottom-up approach to address the issue of FLA

6.4Future Recommendations for FLA and Agriculture

6.4.1 What is the future of FLA in Japan?

Over the years, the problem of FLA has been challenging many developed countries and is
becoming a serious issue in developing countries. However, regarding the future development
of FLA, there is no agreement from the global. Regarding the questions on the future direction
of FLA in Japan, there is no clear answer, and the optimum path to manage FLA still needs to
be explored further. The process of FLA seems irreversible, but this development can be
controlled and alleviated in the future. Based on the results and findings from this research, the
author offers some insights for the future management of FLA.

The process of FLA in Japan can be explained by both the theory of forest transition and bid
rent which clearly present the transitions among different land. For the future management of
FLA, two aspects should be considered.

On the one hand, for farmland that is located near mountains or in the mountainous farming
areas (Figure 4-10), to transfer into the natural forest and maximize the ecological value will
be more beneficial than re-cultivation. In Japan, some scholars also think it is advisable to
combine abandoned farmland and grass pastures in order to ensure the maintenance of grazing
capacity for farmland that is full of grass (Koyama, 2004). For example, the fruit production
areas in the Seto Inland Sea coastal areas have been abandoned in the past 10 years. The
government should make clear initiatives either to re-cultivate the farmland or to convert them
into natural forestland in the future.

On the other hand, for farmland that are still with high agricultural values, farmers and the
government should put more effort to re-cultivate the farmland. The government should make
a comprehensively evaluation system in respect to FLA in different regions and under different
circumstances. For example, in Europe, to evaluate the value of farmland (whether it is High
Nature Value (HNV) farmland or not) based on some certain criteria and decide future uses
has been introduced (Zakkak et al., 2015). This approach can be applied to Japan as well to

take measures suitable to local conditions. In the future, Japan should also develop a sustainable
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farmland and agriculture management practices that contribute to the prevention of further FLA

and building national resilience to future FLA.

6.4.2 Agriculture revitalization and sustainable development

This research has analyzed the problem of FLA from different scales and angles, and the
findings are significant for instructing future management of agriculture and FLA in Japan and
other nations. For future agriculture development, the author insists that the securing of a
healthy and sustainable agricultural structure is fundamental for dealing with FLA and
maintaining agriculture development. As the first country in Asia entering the high-income
stage (D. Takahashi, 2015), Japan should propose positive empirical analysis and policy
recommendations for addressing the issue of FLA and agricultural development.

Finding a balance between the management of agriculture resource and economic development
while still ensuring sustainable development is a key issue for both policymakers and the
farmers (Xue et al., 2019; Tashiro et al., 2019). Japan Business Federation (in Japanese:
Keidanren) is well aligned to proactively deliver on the United Nations’ SDGs to end poverty,
protect the planet, and ensure prosperity for all through the creation of Society 5.0 (Shiroishi
et al., 2018). Society 5.0 (Figure 6-1) was proposed in the 5th Science and Technology Basic
Plan as a future society that Japan should aspire to. The concept follows the hunting and
gathering society (Society 1.0), agricultural society (Society 2.0), industrial society (Society
3.0), and information society (Society 4.0). Among these, Society 2.0 demonstrates the agrarian
society and its position in the process of society 5.0. Both the SDGs and Society 5.0 have
emphasized the significance of agriculture in the process of social development and
sustainability. Achieving Society 5.0 with these attributes would enable not only Japan but the
world as well to realize economic development while solving critical social problems. It would
also contribute to meeting the SDGs. In the Society 5.0 era, the function of the agriculture will

not be weakened but should be revitalized and have special characteristics:
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Society 1.0
Hunting &

Gathering
Society 5.0 Society 2.0
? Agriculture
Society 4.0 Socety 3.0
Information Industrial

Figure 6-1 The conceptualization of the Society 5.0

Source: Science and Technology Policy. Council for Science, Technology and Innovation.

Advanced technologies and smart agriculture

From the author’s perspective, in the process of reaching society 5.0, agriculture still plays a
significant role, and future agriculture management can be accomplished by many advanced
technologies in the face of FLA. Due to the trend of aging and depopulation, the Japanese
government has spared no efforts to the revitalize of rural areas and agriculture. For example,
to resolve the challenges that future agriculture development is facing, Japan is making
progress in the introduction of smart agriculture technologies for productivity improvement,
farming business size expansion, product quality improvement, skill transfers, and advanced
agriculture business. The rapid growth of the new technologies that ICBFCs are currently
utilizing, such as drone, robot and sensing, suggests an effective measure to prevent FLA and
for future agriculture development. Meanwhile, promoting technology development for facility
sharing and other cost-cutting initiatives will be significant as well, such as information sharing
and communication distantly by using the Internet (Deng et al., 2019). Advanced technologies

and smart agriculture will provide new ideas for farmers to manage FLA and agriculture.
Environmentally friendly agriculture

Development of an environmentally friendly agriculture that farmers can fully exert their

potential capacities and find a new way for coexistence with the nature is vital for the future
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direction of agriculture. The issue of wild animal damage has been a long-standing problem in
Japan (Lane et al., 1998), which adversely affects farmland and agriculture. From the surveys,
most rural farmers are concerned about wild animal damages. They think FLA will become
more serious because abandoned farmland provided a hidden habitat for the wild animals.
Therefore, the author recommends that the management and planning of farmland affected by
wild animal damages should focus on actions towards the balance of agriculture management
and animal preservation. The coexistence of human and nature is the utmost goal for future
development, which also contributes to the sustainability of agriculture.

In recent years, some people returned to rural areas and engaged in agriculture by conducting
organic farming and environmentally friendly agriculture. They also target on abandoned
farmland and try to re-cultivate such farmland. Compared to traditional agriculture practices,

organic farming and agriculture can be more sustainable for both the environment and society.

Value added agriculture

Through value-added initiatives, agriculture production is becoming more prosperous and
agriculture will be more vigorous. In rural areas of Japan, the sixth industrialization, which
means that combination of agriculture, food processing, and retail to create new products by
using fundamental agricultural products is progressing (Nakano, 2014). Such development can
increase the consumption of the agricultural products and promote the participation of more
rural residents in agriculture, improving the utilization rate of farmland. For the future
development, value-added agriculture can be a promising way to not only benefit farmers
economically but also will strengthen the social sustainability of farming communities. The
issue of FLA will also be alleviated if agriculture can attract more people to engage in.

To the authors’ knowledge this dissertation was the first study to thoroughly examine the
process, spatial and temporal patterns, determinants and countermeasures of FLA in Japan. The
results provided us an explicit understanding of FLA from the national, intraregional and local
scales in Japan through both quantitative and qualitative aspects. The findings help to explain
the mechanisms of FLA in Japan, suggesting better informed farmland use countermeasures to
mitigate further abandonment. Such results also contribute to the understanding of FLA in the

developed countries, promoting the maintenance of farmland and sustainable agriculture.
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6.SLimitations

There are several limitations that the author could not address in the current study which are
beyond the scope of the research. Future research can extend and further test the findings as
some gaps remain in the knowledge around FLA and agricultural development.

First, the concept of FLA defined by MAFF only considers short-term abandonment and
ignores long-term abandonment, which is a more stable and concise way to discuss
abandonment. There is a significant amount of hidden abandonment, as previously discussed.
These farmlands have been abandoned for years, which makes it challenging to decide the
future utilization, either because of aging of farmers or a lack of successors (Yamashita &
Hoshino, 2018). Future research can consider different types of abandonment when discussing
FLA.

Second, due to the lack of enough data and time, many aspects of FLA determinants have not
been adequately elaborated at the current stage. In the study, the author only considered data
that is available from the agricultural census at former municipalities scale to evaluate FLA by
a limited number of socio-economic variables. Although census data can correspond to former
municipalities spatially in regression models, some important information such as rural-urban
migration (E. Corbelle-Rico et al., 2012) or labor market (Xie et al., 2014) is still missing.
Future research can consider different scales and variables related to these aspects, as well.
Third, for the methodology, we utilized both GWR and PCA to perform the analysis in
interpreting both regional and intraregional variations of agriculture and FLA. Those two
statistical tools share some similarities in their functions. This study only considers GWR from
national scale and PCA from intraregional scale due to the sequence we conducted our analysis.
Future research can also try to utilize PCA method at the national scale and extract new
variables to explain FLA in Japan which might provide new perspectives.

Fourth, since FLA is a long and complicated process, further longitudinal research with period
ranging from 30-50 years is needed for monitoring the dynamics of FLA. Understanding FLA
at different stages will help to manage future abandonment more effectively. From the
qualitative aspect, more in-depth interviews with farm households and ICBFCs should be
conducted to confirm the findings of agricultural characteristics and FLA. This might illustrate
how local traditions and cultural background (Ruskule et al., 2013), interact with agricultural
characteristics to shape FLA.

Finally, many articles on farmland preservation and the rural landscape seek to address issues

of sustainability (Czyzewski & Matuszczak, 2016), regionality (Sang et al., 2014) and
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environmental ecology (Parcerisas et al., 2012). As such, new localized approaches for the
management of FLA and agriculture still need to be explored.

Despite these limitations, this research is a significant contribution to the understanding of FLA
in east Asian and developed countries, which are experiencing the trend of aging and
depopulation. The findings have provided a comprehensive explanation of the determinants of
FLA and can support both farmers and the government to make better-informed decisions

toward future agriculture management and FLA prevention.
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Appendix II FLAR and FLA area of Tohoku Region in 2010
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Appendix IV FLAR and FLA area of Chubu Region in 2010
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Appendix VIII Pearson’s correlation coefficient among different variables.

X1 X2 X3 X4 X5 X6 X7 X8 X9  X10 X1l XI2
X1 1

xz %162y

X3 —0;291 0.336 .

x4 0.334 0.336 0.224 .

X5 _Oﬂ;}fl 0.015 0016 —0.014 1

X6 —0}1.:1‘34 —0;245 —0.323 —04143 0010 1

X7 _Of“ —0.024*  0.003 _Oi% 0;936 0’33 ! 1

X8 —0;%‘34 0.023*  0.002 —oﬂ.jkzg —0;227 o.i:s 0.339 .

X9 0.336 —0;271 —04235 0;935 —oﬂ;?ksl 0.224 0013 0.014 .

X10 —04288 —0;252 0.003 —0@06 o.i:?, o.i)fo 0.359 —0;‘1‘79 0005 1

X1 —04192 —0.325 0,013 _0,,;123 0.351 —0;233 01:53 o.}:;m —0;240 O'SZO .

xpp 0101 o, 0037 <0073 0191 oo <0179 0494 —0.222 0389 —0.118

kk

ok

ok

ok

ok

ok

ok

kk

kK

Numbers whose absolute correlation value is higher than 0.5 are highlighted in bold font.

**_ Correlation is significant at the 0.01 level (2-tailed).

*_ Correlation is significant at the 0.05 level (2-tailed).

168



ion preference and

to know people’s consumpt

ionnaire survey

Appendix IX Quest

attitude to agriculture (in Japanese)
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Appendix X Farm household survey questionnaire on agriculture and FLA in Sera (in
Japanese)

TR DR L BHEREEICE T 2 REHET >/ — b

W

EERF GLEASE
B4

1. [EEFEOMEAEH:

1.1 FB4H
1.2 “Ffin
1.3 15 [1] B [2] Zct
1.4 43 & OfER [1] A FEARAN
[2] BfE#E
[3] R ETZITRE
[4] ik
[5] Siof & 7 i Al
[6]€Dftl [ ]

2. HHFR (—HICEATHS (FAELTWSHOFEHR)

NO. | #EL 0 | £# | 5] EH B AEEPE 4y S st
e (=P EA L/ (1LHZELERK, 3.KEDHD =55
TNEA L) VNI RFERE. 4.Z DAit)
1
2
3
4
5
6
7
8

3. BRXEEOEM
3.1 HRIEHBREEZTOERBHIZ? (RHEERLD—IZ0O)

[1] B TOEFEZR LD [2] WAZTGD =D
[3] LA kA S 7= B 2 #ERF 9 5 726 [4] BB LIOFHETERDLZD
[5] & DAthi( )
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3.2 BERE O REHEIL?
[1] B EZRE<T5 [2] BiFEZ/NEL< T 5
[3] BLIRHMERT [4] FFIZHE 2T

“2] RBEZ/NESKTH7EERTTIIUTOEMICERL TS EEV:

[1] =Dz [2] kD3 e
[3] EEDIEEDE N [4] G712
[5] flfEERnH 5720 [6] BFAEBh O
[7] & DAt )

33 HRIEOFHIIRDODBEZ EDL DV OEETHF oo TWVETHN?
[1] #E%ZiC ([FE) [2] Fex (AT 1~2[8]) [3] 2 H)
DR [4] Fo7=z< 7t

34 HRICOFDBERYPEIIDHV 50 ?
[1] T [2] VW2 [3] AlXEEEZL T
7euN (B )

4. THF|HIZOWNT
41 BHIRT-OF TIHAE L TWAHEMERZZHz: T Fan

i3z ) ANT B —)b
(HT#%)
6 T P
7K H
BHEL TV 5 | i
H e =] 41
MHERSEL W B R (BT LTV A5H)

42 BEAEOEDITMOANEBICEMEZELTHNET?
[1] v &o( T—=) 2] Wz W) 1% 10 77—

43 BELEEDOTDITMDANTZENLEBMEEY THETH?
[1] T &o( T ) [2] Wz W) 1% 10 77—
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4.4 HREETIIRE OO MR & ELt U THHEBEERDMEN T, ERBHIIMAELEELE
THh?

( )

4.5 BHEREDOE RBEHIIME L BVETI? (Lot bEELEZXSHD32120)

[k B D 7= RUBELRE BTN
B RE D [4] BPAEEMIHE DT

[5] BEHIEY 72 [6] RENMRIETH D720

[7] FEHUTHEI S A B 722728 [SIEHIS /NS W

[9] BEENFEE DOEE LD [10]% D ti( )

4.6 BHEMIEDIED7= 00 THILFHSEEBETHRVERE] KOV TE I BNETR?
(1] RERA 2 2] & LIRS o 5 SEELELL I
4 F ST HRBIRN BB/

DR ITE X B Hb:

4.7 HRT-OFEVPHEBRE L 2HE. 0RO A HHEIX ?

[1] EL-E T3 [2] e ZRIHT D NEBET
3] HFHHET D (WD ) [4] B THEHATS
[5] & DAt )

4.8 fMIBPHERZEZ DL T 2 DRAIRRIZRD L BRNETH?

[1] BFER b LB NTREE RUEEBHNOREZHEET D

3] tOFDBTEED 5 [4] BUR2S L0 %< OmiBhe 4 T
[5] ERD N2 DOIT 2D 5

(6] T 72y = FF ORI EMAE ST D X012 T 5

[7] & Dt )

49 BEINT-BHMEZFHETLEERD D E32?
[1] 1T [2] Wz

5 ZFofh
51 BT OBMERECETIIER. TRE, TEABRIZIVELEL, JFRRALKES
’AK
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Appendix XI Survey questionnaire on the actual condition of ICBFCs and maintenance
of farmland in Hiroshima Prefecture (in Japanese)

LEROEZZINDRELEBMOMEFICET L7 77— MR

LEEANOBEIZODWTESRLET,

Ql-1:BEANDEHRERNEEZH I TTFIN,
1488 ( ) 2 BN (HEFD « Rk )

QI-2:EEANDF A TH#H I TT I,

1 %<5 A 2 FHNFH LA 3 ZFofth ( )
VR C D A M IN O RS D EFE MER B L 72 DR E IS L CEERE 21T OIEN (BF 30
),

FFHEWFEROR  RRZFR EOENE (1 F2bE7) PHERE & 70 BERE 21T DA,

QI-3:BIEANFET 2RENDOEZRFEEEANIBM LTV EREZDEEBH A LI,
1ATET 8% ( ) 2 EREFEE ( ) P O3MERKETH D EFE ( )

Ql-4:BEIENITIT 2RI MR EEHmAEIC B 5 EAREH

BITERHEH WEE (ERELZEHE (ha)
7K H
BHEL T 5 B T H
16 [

BHESTEB O (KHEH)
BHEREE GEADNEBE L TS 5E)

Q1-5:BE¥E A DIEMERICBE T 5 EAE#
27 i (ha) 2018 4EXHIEER (T M) | 2018 £4ERRFEHE(TT M)
7K F
#

K&
L5
T

Z DA ( )
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Q1-6: EIEADHERBIZ OV TERIFHR

Fin ENERE DA FREEE " OANE | EREAZ " OARK
30 LA T b 7
30-40 i 5 LIgr
40-50 7% G LIgr
50-60 i G LIgr
60-70 % 5 LIgr
70 LA B B 7
THEHEEE L, IBAOHKRE BEET) THY, EADDOFMINALER 150 T EO L0

AN

THRBEERAE &L, IEAOERE TIEe L, AL OEMINALEER 150 THU EOLDE WS,
NEADOERBENINBIHBERBEZLTEI,

(E£E & A% HERNE: )

QI- TSN TV D BREBBOEHEZBHAT I,

1~ 72— (Ff A A a) 2 MAE B (BT A By A
)

3 avAAy (A 7 5 & ) 4 WCRE (FTA A= B 1< I
)

SN o H— (A A ; fEH ) 6 Bhrstk (T fy A fEH a)
7 Z OAh e AsEH A

QI-8: BIEADIRE 3 FEMITITED ORI eMé&s: TRAL SV (EERDIITED LS
IZBEZTEW),

ZATHERR IS X OB ¥4 RATEAtREEH RAHETHA &% (FH/AE)

F A F A
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ILFHERZEICOWTESh LET,
Q2-1: BEADBRHIZIIHHERIEIH D F92>,
155 ( ha) 2 720

Q2-2: (Q2-1 H3) ZBIREINEANCBFSHALET, BEEANTIBMEREMZ DL S5 ITE
BHEINTVETHL BEICEELEZEZONDI LD 21T oE D7 T EEN),

1 EHISOARHIIZ LT D 2EIMALRNEHIZLTWVD

3 KGR EL L TND 47KEV Z L TND

5 BmBUEM Rk L T\ D 6 il b BIEET, BHEZIHIIL TV D

7 D )

Q2-3: BIENITHHEBCGEZBHMEESZIIBRAIA L2 L35 D £ 92
1 &5( ha) 2 720

Q2-4: (Q2-3H3) BBERENTZENCEBSRLET, SHMEHEMEZEATIEOREROR
BT TTd WFICTHBELEZEZIONDI LD =Z2EIFIZo®EDITTLEZN),

1 A X RRND QHEFT LN TED
3HHERGERM DT AHENEMETH D 4 PHEHCGEMD LT TV
SHLWHIHOT A T T7HRVLETH D 6 D )

Q2-5: EIE NITBHEKRIERIZ OV T E > Boh 42
(EBLHh—2Zo% 27T, BALBEAXLEIN),
1 REZ &S

2 [ &b

BH

Q2-6:EVEADFTFET D HURIC BT A HEKIED E BB I L BbhvEdTH
(BITEBELZZ2 DN LD =220 FIoxE DI TLEEW),

1 Hulse DBk D 72 8 2 JEEELARE DN T

3 GHE IR SE DT 4 BEMC L DHEDT-D

5 RN N2 8 6 RENMRIE TH D2

g2 VA NUSR A AY a5 8 RN/ NS N2

9 EENEFE O FEEMLD T 10 Z DAh( )
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Q2-7TATBFHEHIEZFHIET B 7= D DOFIRIRRIT AR D L B E4H
(BITEBELZZ2 DN LD =E20FFIoE DI TLEE W),

L2 DEZNRG - BT R&x77 2 BN CEEZITH

SHMOFEOET #ED 5 AEIFN I %< OB 4% T

SHZERDO N DT EMED 6+ BN EROFICEMEEES L0 D
7 Z DAt )

Q2-8: FHEMERGIE & DBIFR T TH UFAMFEREIIANOHIE] 22O\ TE S B4

WY AR 2 KREMEND D 3V LB D
45 F 0 ENRN 5 F o= BhER 2N 6 HE 2R

Q2-9: HHEMIERSIE & DEAR T TRDAEFEEE] 2oV TE I BbIETh,

1 W22 &30 2 KRENEND D 3MVLENERD S D
45 F 0 ENR2N 5F o= BhER 2N 6 HE 2R

L. EEAE & DEIRBIZONDTEBHZNRLET,

Q3-1: BIENIIMDEAN LML NDEEL L > TWET D, EEND ZREITIZ, EHEEA
O¥E () NIZTEHBALIEE N,
155 ( ) 2 720

Q3-2: (Q4-1 H3) ZBBRINTEEANCBRNLET, FOL I RHEEEZIToTWHETH,
(BTEEBRLDTITULoE DT TLEEN),
1 oo LIEY 2 EEDZFRE 3 H[ERGE 4 Z DA ( )

Q3-3:EHANIIEBFEEDIMESE O L 5 REE CHRMEL TWHEITI,
1. A 1~3 [ 2. H3~51H 3. £ 5~10 [H]
4. 10 B E 5. 7L

Q34 MEBEEDT —~ZHZATLEEWN (BbTUEEDILDTRTUZoZ DT TLEEW),

1 BER 28 LV 3 BN O E B
4 BSERZ X DR E AR 5R5E (w—Hr T 4 7, Wik)
6 FEPEW) DA PE - VB B T 7 F Dt ( )
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Q3-5:EEEADRAY v MZHOWVWT, ED XS ITBEbNET )
BFICEBELZZ DN LDESFFICos DT TLEEN),

BN DS X0 @103/ Lod 0 2D a A MEBZIREN K E N

3B LImEEEFHOIRNH D 4 FHEEE 2 IH] L EORENTE D
5 VKBS OFE B AT ANEYE(L T 5 6 KREEMALIZ X W 1EEREN M L35
7 DOt ( )

Q3-6: EENITBHDOMBDT-DIZ, EDXHIRZLEZLTVETH
(BITEBELZZ2 DN LD =E20FFIoxE DI TLEE W),

1R BERRE b WA R R 2 FRIELASA D Z AR 7 R VRN D s
3RBER LT DEMOHES 4 B EB BT D120 DT = v ADRRE
5 BE DB AR PERAL 6 T O ( )

Q3-7:BEENIRFROBEIZMIT T, 5B EDL I LtELISELTWETL
BFICEBELZZ DN LDESFFICos DT TLEEN),

1 BUREAREE 5 D VXA R 2 FRAELISN D L4k 70 BB D F RS
3 Hie D KRFAR0MFIERT & D /) 4 B8 DAL N EZEAL
SIENIN DG L O BAT I BIR DR 6 15 N B B

7 RN ST ORI 8 DAt (

Q3-8 BEEADREEIZLE - T, BELEL WA EEHITTIEEZN
(BITEBELZZ2 DN LD =EZ20FFIoE DT EEW),

1 EF a1 5 Nk o2 2 FE L CRIEEN TE R0 A
3ENOHERE A 4 o AT IS B 1T D FME M DB &
5 BUN ORBI AR L= 6 EHEBUR O HATE N REN

7 JEPER) OAAE DAL TE 8 R D /Y BIT & 2 RN R DE X

9 15 NRRE IRy e N O YR 10 Z DAt ( )

Q3-9: &k N DIEE), HUROBHEKRIEM & BHIOBHER K125\ T, TERLCERZRAONITER
L 7F & (HHIER)

4 )
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IV EANDREE R ORROBME IZ OV TEBZRLET,

Q4-L:BEIEADRBHIZOWVWTUTDOZ L EZHZITTF I,
MR . 1 B 2 4otk Fhm:  ( %)

HEER: . Wy 2 RKFOHR 3KREEF 4= 5. ZF20f (

B 1 AR 288 3R 4 KRFEULE 520 ( )
AT : ( )

Q4-2: BEANDERE 25PN o THIYBEEDN NS o L2WET D,
1 W5 2 R 3EFEEZ TR

FERIILLETT, BICLWH, ZHAHEZEITHONRES TSN E LT,
3A15H (&) FCITREHERICANT, ZEELZEW,
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