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A Reinvestigation on Key Issues Associated with the Yimjin Boundary
Making and Demarcation(1712~1713): Reconstructing the Distribution
of Boundary Markers Based on Actual Survey Documents

Kang-Won Lee*
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Abstract : The distribution of boundary markers, set up during the Yimjin(1712) Boundary Making and
Demarcation(YBMD), has less been addressed so far, although it is key material evidence on which we can
reconstruct the whole processes of YBMD, together with the correction of widespread myths around YBMD.
This paper aims to clarify the questions on the distribution of boundary markers associated with YBMD,
built during August 1712 to September 1713, by reinterpreting the key documents of Actual Survey on them:
Huh Ryang and Park Dosang(1913), Kim Woosik(1883), Lee Joongha(1885), Wu Luzhen(1907), Osone
Seiji(1907), and Liu Jianfeng(1908), together with topographic maps by Japanese Imperial Army(1933), the
report of expedition to Mt. Baekdu by Chungjin Teachers’ College(1948), and the report of field survey by
Jilin province’s expedition(1957). As a result, the distribution of boundary markers built in 1712-1713 is suc-

cessfully reconstructed, and summarized in the format of table and maps.

Key Words : Yimjin Boundary Making and Demarcation(1712-1713), Backdusanjeonggyeobi, Wooden
Fence, Stone Pile, Soil Pile, Kim Woosik, Lee Joongha, Wu Luzhen, Osone Seiji, Liu Jianfeng,
Backdu Mountain Expedition of Chungjin Teachers’ College, Changbai Mountain Expedition

of Jilin Province
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More-than-human Geographies of Nature:
Toward a Careful Political Ecology”

Myung-Ae Choi*

A2 A8 A% BA7AIZ ek AZE-Ad A+

Abstract : The recent diagnosis of the Anthropocene challenges public understanding of nature as a pure and
singular entity removed from society, as the diagnosis confirms the earth-changing force of humans. In geog-
raphy, the nature-society divide has been critically interrogated long before the diagnosis of the Anthropocene,
developing several ways of theorizing nature-society relations. This paper introduces a new frontier for such
theoretical endeavors: more-than-human geography. Inspired by the material and performative turn in geog-
raphy and the social sciences around the 2000s, more-than-human geographers have sought to re-engage with
the livingness of the world in the study of nature-society relations. Drawing on actor-network theory, non-
representational theory (NRT) and vitalism, they have developed innovative ways of thinking about and relat-
ing to nature through the key concepts of ‘nonhuman agency’ and ‘affect’. While more-than-human geography
has been extensively debated and developed in recent Euro-American scholarship on cultural and economic
geography, it has so far received limited attention in Korean geographical studies on nature. This paper aims
to address this gap by discussing the key concepts and seminal work of more-than-human geography. I first
outline four theoretical strands through which nature-society relations are perceived in geography. I then offer
an overview of more-than-human geography, discussing its theoretical foundations and considering ontologies,
epistemologies, politics and ethics associated with nature-society relations. Then, I compare more-than-human
geography with political ecology, which is the mainstream critical approach in contemporary environmental
social sciences. I would argue that more-than-human geography further challenges and develops political ecol-
ogy through its heightened attention to the affective capacity of nonhumans and the methodological ethos of
doing a careful political ecology. I conclude by reflecting on the implications of more-than-human geography

for Korean studies on nature-society relations.

Key Words : more-than-human geography, political ecology, nonhuman agency, affect, actor-network theory,

non-representational theory
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1. Introduction: Nature
in the Anthropocene

In August 2016, over 30 geologists from the Anthro-
pocene Working Group of the International Commis-
sion on Stratigraphy gathered in Cape Town, South
Africa, and voted in favor of the formal designation of
the Anthropocene, a new geological epoch that claims
humans have been an earth-changing force since the
1950s (Carrington, 2016). The formalization of the
Anthropocene confirms sustained human (i.e. society’s)
interference with nonhumans (i.e. nature), thus challeng-
ing public understanding of nature as a pure and singular
entity removed from society. In geography, however, the
binary understanding of nature and society in separation
has been critically interrogated long before this diagnosis
of the Anthropocene. As early as in the 1970s, geogra-
phers have critically engaged with the supposed distinc-
tion and have theorized the discursive and material
exchanges between nature and society in different ways
(Castree and Braun, 2001; Braun, 2004; Castree, 2005;
Hinchliffe, 2007). The recent diagnosis of the Anthropo-
cene offers momentum for geographers to re-engage with
sustained efforts to conceive of nature-society relations

outside of binary conceptualizations.
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This paper introduces a new frontier for such theo-
retical endeavors: more-than-human geography. In a
nutshell, more-than-human geography - the term is used
interchangeably with hybrid (Whatmore, 2002), posthu-
manistic (J. Lorimer, 2009), vitalist (Greenhough, 2010)
and multinatural (J. Lorimer, 2012) geographies - refers
to “an approach to geography and social sciences more
generally that is open to the agency of nonhumans and
recognizes the material and affective interlinkages that
cross between humans and nonhumans” (J. Lorimer,
2009, 344). Inspired by the material and performative
turn in geography and the social sciences around the
2000s, more-than-human geographers have sought to
re-engage with “the livingness of the [human and nonhu-
man] world” (Whatmore, 2006, 602) in order to study
nature-society relations. Drawing on actor-network
theory (ANT), non-representational theory (NRT) and
vitalism, they have developed innovative ways of think-
ing about and relating to nature. For them, nature is con-
tinuously reconstituted by the performance of an array of
human and nonhuman actors. They envision a different
mode of nature-society relations, where nonhumans and
their differences are taken seriously in the making of po-
litical and ethical decisions. As such, more-than-human
geography has unsettled the privileged place of humans

as the rational subject of knowledge about and practices
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of nature.

While more-than-human geography has been exten-
sively debated, applied and developed in Euro-American
scholarship on cultural and economic geography -
especially for its potential to challenge and develop the
mainstream humanist approach to nature (Braun, 2008;
Hinchliffe, 2008; Bakker, 2010; J. Lorimer, 2012) - it
has so far received limited attention from Korean geog-
raphers. This paper aims to address this gap by discuss-
ing the key concepts and seminal work of more-than-
human geography. I begin by outlining four theoretical
strands in geography through which the relations
between nature and society are thought about. I then
offer an overview of more-than-human geography by
discussing its theoretical foundations and considering
ontologies, epistemologies, politics and ethics associated
with nature-society relations. After this, I compare more-
than-human geography with political ecology, before
reflecting on the utility of more-than-human geography
for Korean geographical studies on nature. In this paper,
I would argue that more-than-human geography could
further challenge and develop political ecology theoreti-
cally as well as empirically. By carefully attending to
the affective capacity of nonhumans and the possibility
of becoming otherwise, more-than-human geography
opens the analytical space for nonhuman subjects and
more-than-discursive relations in the unexpected and
surprising shapings of nature-society relations. It thus
encourages geographers to explore less attended research
areas, for example, nonhuman resistance to human or-
derings,z) which would allow fuller understandings of

nature-society relations.

2. Geographies of nature

The study of nature - both as a concept and as the

biophysical world (Castree, 2005) - and society relations

in geography have undergone marked transformations
in the past few decades. The vast body of work on this
subject can be categorized into four theoretical strands:
nature-society dualism; social construction of nature;
social production of nature; and more-than-human ge-
ography (Demeritt, 2002; Braun, 2007). In this section,
I provide an overview of each strand in order to detail the
disciplinary background from which more-than-human
geography emerges.

While largely focusing on key Euro-American works,
I must note that such theoretical engagements have
also occurred in Korean scholarships on sociology and
geography. There is a large body of social science work
that critically examines the production of nature and
its consequential social injustice through case studies of
large-scale construction projects, pollution struggles,
energy policy and so on.” Here, nature is largely treated
as the biophysical world, specifically, as resource, back-
ground, and commodity, with which economic and
environmental interventions can be made. This eco-
Marxist and/or political ecology work has dominated
critical environmental social science in Korea, and papers
have been published in two journals (Korean Association
for Environmental Sociology’s Eco and Korean Associa-
tion of Space and Environment Research’s Space and
Environment), a review of which goes beyond the scope
of this paper. There is now a growing body of geography
work whose theoretical approaches resonate with some
key themes of more-than-human geography. Kim Sook-
Jin (2006b; 2010; 2016) develops an actor-network
approach to theorize ‘social nature’, which focuses on
the performance of heterogeneous actors in the material
and discursive construction of nature (see also Kim and
Wainwright, 2010; Kim and Kim, 2013; Lee, 2015). Jin
Jongheon’s (2013) review of NRT approaches to land-
scape study offers a useful introduction to this theory (see
also Song, 2015). Recently, several young geographers
start to engage with the capacity of the nonhuman world

to shape particular modes of nature-society relations,
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exploring volatility of nature in the making of riskscapes
(Hwang 2016), the role of rural landscape in the shaping
of walking experiences (Choi 2016), the agency of ani-
mals in dolphin shows (Nam, 2014).

1) Nature-society dualism

Nature is conventionally considered the biophysical
world (e.g. animals, habitats, ecosystems) defined in
relation to urban and industrial society. In this dualistic
conceptualization, nature is conceived of as a discrete
domain removed from society where nonhumans are
placed. It is associated with an ontologically pure, fixed,
singular, temporally ‘timeless’, and spatially ‘out there’
entity (J. Lorimer, 2012). Here, nature is treated as an
inert and passive thing or a background on which human
intervention can be made.

This is the version of nature most prevalent in modern
society and that is held by the public, the majority of sci-
entists, policymakers and conservationists. For them, na-
ture is viewed as a ‘resource’ that can generate profit and
be sustainably managed through science and technol-
ogy (Anderson and Leal, 2001; Adams, 2009). It is also
viewed as ‘wilderness’ that is confronted with ecological
crises of species extinction and habitat loss, all of which
require immediate intervention (Adams, 2013). Such
an understanding supports and legitimates a particular
mode of conservation practice, which puts nature back
in situ through the designation of protected areas and
nature reserves.

In geography, not only physical geographers but also
classical cultural geographers have used this version of
nature in their landscape studies (Whatmore, 2006). This
version of separated nature, however, “seems [to have]
stopped working so well” (Bingham and Hinchliffe,
2008, 83) in recent geographical studies on nature that
tackle the nature-society divide. Furthermore, the recent
diagnosis of the Anthropocene has started to reshape the

public’s dualistic understanding of nature.

2) Social production of nature

Marxist geographers have challenged nature-society
dualism, arguing that nature and society are metaboli-
cally related through material exchanges. In his seminar
work, Smith (1984) illustrates that the capitalist economy
- specifically, the commodification process - transforms
‘first nature’ (e.g. corns) to ‘second nature’ (e.g. geneti-
cally modified corns) in order to facilitate further mon-
etary exchanges. Capitalist overproduction and resource
scarcity create material environmental degradation of the
environment (O’Connor, 1988; Smith, 2007). As such,
Smith and others argue that social relations produce par-
ticular outcomes for nature. For them, nature is viewed as
a ‘resource’ and/or a ‘commodity’.

Marxist geographers developed Smith’s nature-society
metabolism by focusing on the political and economic
struggles over nature. In this sense, they ‘politicize’ ecol-
ogy (Latour, 2004). These political ecologists critically
engage with the ways in which environmental manage-
ment is neoliberalized and produces social injustice and
violence (McCarthy and Prudham, 2004; Heynen ez 4/,
2007; Castree, 2008). They are particulatly critical about
the neoliberal mode of conservation, which deploys
conservation practices for further accumulation (e.g.
ecotourism, carbon offsetting) while creating political
and economic inequality and the degradation of nature
(Brockington and Duffy, 2011). While this body of work
deals with the material basis of the nonhuman world,
they tend to treat nature as a passive thing that adds lictle
to the story of nature-society relations (Braun, 2008).
Here, the livingness of the world has not been fully en-
gaged with (Bakker and Bridge, 2006; Bakker, 2010).9
I will revisit this gap of materiality in political ecology in

section 4.

3) Social construction of nature

While Marxist geographers focus on material ex-
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changes, post-structural geographers attend to the lin-
guistic and cultural relationships that mediate nature and
society through representations and discourses. Inspired
by Foucault and Derrida’s claim that representations are
not neutral reflections of reality but are partially consti-
tutive of it, post-structural geographers have critically
analyzed the particular ways in which representations
and discourses on nature are shaped in relation to power
relations (Wilson, 1991; Demeritt, 2002). They argue
that our ideas about nature are neither universal nor fixed
but are historically and culturally constructed and, there-
fore, partial and situated. For example, environmental
historian Cronon (1996) documents the changing rep-
resentations of the American wilderness over time - from
“Satan’s home” to “God’s own temple” and “America’s
lost frontier” - proving that ideas and meanings of nature
are “socially contrived, produced by people and their
value systems, political systems, [and] cultural sensibili-
ties” (Hinchliffe, 2007, 8).

These scholars are especially attentive to the political
consequences of specific representations, which might be
able to legitimatize certain ideas and practices as natural
(e.g. subjugating ‘passive’ local people or domesticating
‘passive’ animals). Critical geographers employ the social
construction thesis to politically refute certain ideas (e.g.
passive local people) by demonstrating that these ideas
are actually socially constructed and therefore not truth-
ful. Other social constructivists engage philosophically,
arguing that nature is socially constructed and therefore
ontologically contingent and epistemologically artificial
(Demeritt, 2002). However, by only treating nature as
“envelopes of meaning” (Braun, 2008, 668) - i.e. as a
concept - social constructivists fail to discuss the material
basis of the nonhuman world that participates in the con-

struction process (Braun, 2008; J. Lorimer, 2012).

4) More-than-human geography

The latter two theses reject the idea of nature being

external to society and instead theorize nature as discur-
sively and materially produced as ‘social nature’ (Castree
and Braun, 2001). Nonetheless, both seem to fail to
engage with the materiality of nature as ‘life’. This gap
began to be addressed with the material and performative
turn in geography studies. This theoretical turn was led
by “a new generation of cultural geographers” (What-
more, 2006, 602) who strove to move beyond the social
constructivism’s analytical focus on textual representa-
tions (Spencer and Whatmore, 2001; Bakker and Bridge,
2006; Whatmore, 2006). Instead, these cultural geogra-
phers sought to examine “the ways in which we intervene
in and are shaped by the life worlds of others” (Green-
hough, 2011, 37-38, my emphasis) in diverse geographi-
cal areas, including landscape, urban, postcolonial and
feminist geographies. As Whatmore (2006) explains,
these authors are inspired by: firstly, science and tech-
nology studies (STS) that offer a hybrid understanding
of the world as human and nonhuman collectives and,
secondly, performance studies that emphasize the body
as a medium of knowing and interacting with the world.
They suspend thinking of ‘matter’ as representations or
indifferent stuff, and instead started to value matter for
their livingness, vitality, and thing-ness. As such, these
scholars redirect our attention to matter and its bodily
involvement in the world. For them, not only humans
but also nonhumans and non-living matters ‘perform’
together, ordering “the worlds that they purport to rep-
resent” (J. Lorimer, 2012, 600). In so doing, they rede-
fine the world as a ‘more-than-human’ and ‘more-than-
representational’ space (Braun, 2005; Hinchliffe and
Whatmore, 2006).

Drawing on this new mode of materialist thinking,
Whatmore (2002) and others have developed ‘more-
than-human’ geographies that take nonhumans and
different modes of communication seriously (Hinchliffe,
2007; Bingham and Hinchliffe, 2008; Braun, 2008; J.
Lorimer, 2009; 2012; Greenhough, 2010). More-than-

human geographical study is often associated with a
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keen interest in (nonhuman) agency and affect, explor-
ing what these can add to the story of nature-society
relations. As I will explain in detail, first, these authors
are attentive to the co-constitutive role of nonhumans
(e.g. animals, landscapes, objects) in the making of the
world. For them, nature (and society) is envisioned as
impure and hybrid forms that comprise humans, animals
and non-living objects, rather than a purified stuff out
there. Second, not just human rationality and culture
but bodily responses, feelings and emotions also have
gained attention as important media through which to
understand the world. To explore this non-cognitive
dimension of the world, more-than-human geographers
carefully examine the embodied, emotive and affective
dimensions of nature-society relations. As such, more-
than-human geography challenges the prevalent human-
ist approaches to nature-society relations that emphasize
“our human capacities for visual abstraction and textual
communication over other ways of knowing and inter-
acting with the world” (Greenhough, 2010, 51).

While efforts have been made in terms of theoretical
development, there is now a growing body of more-than-
human geography investigations based on case studies
of biosecurity (Bingham, 2006; Buller, 2008; Hinchliffe
and Bingham, 2008; Law, 2010; Greenhough, 2012),
food (Stassart and Whatmore, 2003; Hayes-Conroy and
Martin, 2010), animal geographies (Cloke and Perkins,
2005; Bear and Eden, 2011; Barua, 2014) and conserva-
tion (Hinchliffe, 2008; J. Lorimer and Driessen, 2013a;
J. Lorimer, 2015). I will give more detail and examples in

the following section.

3. More-than-human
geographies of nature

This section introduces key concepts and characteris-

tics of more-than-human geography. I provide its theo-

retical foundations, and then discuss the ways in which
nature-society relations are analyzed through this strand

of geographical thought.
1) Theoretical foundations

More-than-human geography draws on three interwo-
ven theories in geography and the wider social sciences.
These are vitalism, ANT and NRT.

Vitalism is a philosophy that appreciates vitality
- namely, the immanent matter-energy of the nonhu-
man world. Vitality is expressed through the capacity of
things to comply with or disrupt the will and design of
humans (e.g. storms). It also enables them to act in unex-
pected ways beyond their tendencies (e.g. virus) (Fraser
et al., 2005; Bennett, 2009). In this regard, matter is not
dead but vibrant, creative and inventive (Braun, 2008).
Inspired by the material turn, more-than-human geog-
raphers have attended to the vitality of matter and their
capacities to participate in the constitution of the world
(Greenhough, 2010). For them, nonhuman matter is not
a passive and inert thing that is waiting to be enlivened by
humans. Instead, it is viewed as an active agent that is ca-
pable of intruding upon humans. Their attention to “vi-
brant matter” (Bennett, 2009) helped more-than-human
geographers develop the idea of nonhuman agency.

ANT has contributed to a more theoretical develop-
ment of nonhuman agency (Murdoch, 2005). ANT is
an influential body of work initially developed in STS by
Latour, Callon and Law who questioned the purported
objectivity and universality of science.” In his examina-
tion of the Pasteurization of France, Latour (1987) argues
that what endowed power to Pasteur’s experiment was
not the scientific facts but the network that connected
laboratories and farms across France. He redefined
Pasteur’s experiment as the effect of the gathering of
heterogeneous actors, involving scientists, farmers, cows,
technologies, germs and so forth. For him, Pasteur’s

experiment is irreducible to a single and pure category
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of either human or nonhuman, but is a “quasi-object” in
which an array of human and nonhuman elements are
entangled with one another.

His insight of a heterogeneous network informs hybrid
ontology where the world is continuously constituted
through the performance of diverse human and nonhu-
man actors. In this sense, the world is neither fixed nor
pre-given, but is the contingent ‘effect’ or ‘outcome’ of
a particular formulation of a network. For example, for
Whatmore (2002), wildlife is not ‘untouched’ animals
or species. Instead, she understands it as a ‘relational
achievement’ that is “spun between people and animals,
plants and soils, documents and devices in heterogeneous
social networks which are performed in and through
multiple places and fluid ecologies” (2002, 14). As such,
ANT-inspired geographers dissolve nature-society dual-
ism - Latour (1993) claims that such a separation actually
has never begun - and instead view nature-society as
“collectives”. In other words, they view nature-society as
“socio-material assemblages” of “people, practices, tech-

nologies and other nonhumans” (J. Lorimer, 2006, 540).

Nonhuman agency

Hybrid conceptualization of the world leads to a re-
conceptualization of the role of nonhumans in human-
nonhuman collectives. For ANT theorists, both humans
and nonhumans are also active actors who have the
capacity to act, i.e. agency (Callon, 1986). More-than-
human geographers have theorized the lively participa-
tion of nonhumans, exploring the differences nonhu-
mans make to the ways in which nature and society are
thought about and related to (Jones and Cloke, 2002;
H. Lorimer, 2006; Buller, 2008; Bear and Eden, 2011;
Clark, 2011). Such close attention to nonhuman agency
distinguishes more-than-human geographers from social
constructivists and political ecologists, who share the hy-
brid understanding that heterogeneous actors participate
in the discursive and material construction of nature.

For more-than-human geographers, the agency of

nonhumans is not the property individually possessed.
Instead, the agency is distributed to them through the
network they are enrolled in (Whatmore, 2002; Bennett,
2005). In other words, agency is viewed as a ‘relational
achievement’ of the network. In this regard, it differs
from the animistic belief that animals and non-living
things inherently possess spirit. The capacity to act allows
nonhumans to become political subjects who perform in
accordance with, disrupt, and exceed humanist orderings
(Hobson, 2007).

Animal geographers have examined diverse ways in
which animal agency is expressed and bears political
consequences. Philo and Wilbert (2000) draw attention
to the mismatch between humanist spatial arrangements
of animals (e.g. zoos, farms) and the capacity of animals
to fissure and even resist humanist orderings (e.g. exhibit-
ing their sufferings, escaping from cages). The dissonance
between human-created “animal spaces” and animal-
created “beastly places” convincingly shows the role of
animal agency in the constitution of human-animal
spaces. Similarly, in their examination of cetacean toutr-
ism in New Zealand, Cloke and Perkins (2005) illustrate
that the commercialized human-dolphin encounter is
heavily dependent on the agency of dolphins that may or

may not appear and exhibit charismatic behaviors.

While ANT unsettles the privileged place of humans,
NRT displaces textual representation as the primary
epistemological vehicle through which to comprehend
the world (Braun, 2008). Thrift and other non-represen-
tational theorists have drawn attention to the creative role
of the (human and nonhuman) body and non-cognitive
modes of engagement (H. Lorimer, 2005; 2007; 2008;
Thrift, 2007; Harrison and Anderson, 2012). They com-
bine ANT’s focus on the heterogeneous entanglement
of humans and nonhumans with a phenomenology-
inspired interest in ‘encounters’ through which the world
unfolds. To explore more-than-representational modes

of engagement, these authors pay particular attention to
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bodily encounters - i.e. embodiment - that take place in
practices, through which an array of human and nonhu-
man bodies are enrolled and perform.

This leads to a series of reconceptualizations of the
body and nonhumans. For these authors, the body is
not a passive container of social identity but a ‘sense-
making vessel” through which the world is known. They
unsettle the hegemony of the visual and seeing, and
diversify types of bodily sensations (e.g. smell, feeling)
and modes of engagement (e.g. touching, doing), which
produce multisensory, emotional and affective encoun-
ters (Crouch, 2001). Nonhumans are also reconfigured
as bodily partners whose performative properties attract
scholarly attention. These properties include their ma-
teriality, agency and affordance (i.e. the property that
affords the possibility of inviting particular (human)
bodily responses based on historically established recip-
rocal relations (Gibson, 1979)). As such, NRT geogra-
phers have theorized human-nonhuman encounters as
‘embodied performance’ within which diverse bodies of
humans and nonhumans perform together, shaping non-
cognitive modes of engagement. NRT application in
geography has mostly been concerned with dance (Mc-
Cormack, 2003) and tourism (Michael, 2000; Franklin
and Crang, 2001; Coleman and Crang, 2002; Pons,
2003) and is now extended to the non-cognitive dimen-
sion of human-nature encounters (MacNaghten and

Urry, 2001; Cloke and Perkins, 2005).

Affect

The concept ‘affect’ has become a useful tool for more-
than-human geographers to examine the bodily and
non-cognitive aspects of nature-society relations (Dews-
bury ez al., 2002; McCormack, 2003; Anderson, 2014).
Whatmore (2006) explains that affect is “the force of
intensive relationality - intensities that are felt but not
personal; visceral but not confined to an individuated
body” (2006, 604). In other words, it refers to “the capac-

ity to relate” between different bodies (Anderson, 2009,

78). Emotion and feelings are thought of as expressions
of affect (McCormack, 2008; Pile, 2010). The notion of
affect is developed to explain the transpersonal intensities
produced in more-than-representational and more-than-
cognitive modes of engagement. It redefines humans
and nonhumans as ‘affective beings’ whose bodies have
the capacity to affect and to be affected by other bodies
(Thrift, 2004).

More-than-human geographers have explored the
ways in which affective relations are established and
produce particular political, ethical and economic con-
sequences. McCormack’s concept of ‘affective logic’ is
especially useful to examine power and affect. Affective
logics refer to the means that relate to diverse human
and nonhuman bodies in a way that generates particular
emotions and feelings. In their studies on post-9/11 war
films, Carter and McCormack (2006) examine an array
of cinematic narratives and techniques. They argue that
an affective logic of ‘combat experience’ is deployed to
relate the audience, screen and warfare; this intensifies a
geopolitical sensibility of ‘fear’. For another example, J.
Lorimer (2010b) identifies three common affective logics
of volunteer tourism, which are spectacle, touch and ad-
venture. As he illustrates, these affective registers appear
to evoke and relate the bodies of UK tourists, elephants
in Sri Lanka, conservation discourses and tourism
practices. He argues that affective relations reconfigure
“the nature of their practices and their associated ethical
concerns” (J. Lorimer, 2010b, 318), leading to particular

political consequences.

2) Nature-society relations in more-than-

human geography

Drawing on theories and concepts of vitalism, ANT
and NRT, more-than-human geographers envision other
modes of relating to nature that can be differentiated
from those of social constructivism and political ecology,

let alone nature-society dualism. This section discusses

—-620—



More-than-human Geographies of Nature: Toward a Careful Political Ecology

the ways in which nature-society relations are thought
about in more-than-human geography by considering
four key themes. These are related to: the relations that
exist between human and nature (ontology); how it is
possible to know about nature (epistemology); how po-
litical decisions are considered (politics); and how nonhu-

mans should be used (ethics).”

(1) Multinatural ontology

Drawing on ANT, more-than-human geography fore-
grounds a hybrid ontology that claims the world emerges
from an assemblage of heterogeneous actors in interac-
tion.

This hybrid ontology reconfigures the forms and ter-
ritories of nature. Attending to the agential and affective
participation of nonhumans, more-than-human geogra-
phers argue that nature is constituted and reconstituted
through the performance of interacting actors (Bingham
and Hinchliffe, 2008; J. Lorimer, 2012). Its form is not
pre-given but is emergent from specific assemblages. This
means that the form of nature is not fixed but is contin-
gent. It is open to the possibility of becoming otherwise
- when the actors perform different practices that shape
and reshape the actors themselves and the practice itself
(Mol, 2002). As such, more-than-human geographers re-
ject the prevalent idea of nature being ontologically fixed,
transcendental and singular. Instead, they claim nature is
a relational achievement of a specific assemblage, which
can take other multiple forms. This echoes Latour’s
(2004) ‘multinaturalism’, the term he uses to describe
multiple political orderings of nature (J. Lorimer, 2012).

By thinking of nature as impure, processual and mul-
tiple, more-than-human geographers completely dissolve
the cartographical division that places nature and society
in discrete domains. Instead, they conceive of the territo-
ries of nature (and society) as a more-than-human, and
a equally more-than-nonhuman, space in which impure
forms emerge and inhabit (Braun, 2005; Hinchliffe and

Whatmore, 2006). Grounded in a multinatural ontol-

ogy, more-than-human geographers are less interested in
revealing the purported transcendental form of nature
(e.g. species) and are more concerned with exploring the
potentials and possibilities of the world that produce
new forms and trajectories (e.g. ethological process)
(Bingham, 2006; Hinchliffe and Whatmore, 2006; J.
Lorimer, 2015).

Hinchliffe ez al. (2005) offers an example of such
ontological examination through their investigation
of water vole survey in Birmingham, UK. To draw out
alocal biodiversity action plan, amateur ecologists in
Birmingham and Black County were asked to chart the
populations, behaviors and lifestyles of urban water voles
in the area. Ecologists began their water vole tracings by
trying to spot animal footprints and faeces and compare
them with those printed on field guidebooks. However,
they soon discovered that half squashed and washed off
animal traces, which they actually encountered with,
were far from those neatly described in the books. Instead
of relying on guidebooks, they had to learn to observe
numerous modified versions of footprints and to smell
water vole faeces. Through such self-propelled trainings,
this group of amateur ecologists became different people,
who are now equipped with sensitive eyes and noses,
from the ones whom they started with. Similarly, water
voles in the field guide were described as elusive suburban
habitants known for their exclusive use of the habitat.
However, ecologists found the surveyed population of
water voles actually shared their tunnels with brown rats.
Being adapted to the urban environment, water voles
seemed to have changed their behaviors. In terms of be-
haviors, they are no longer the same species specified in
the field guide. The changes occurred to both ecologists
and water voles posed Hinchliffe ez /. an ontological
question what counts as (human and water vole) species.
For them, people, animals and things are not ontologi-
cally fixed but are emergent out of particular practices.
Being attentive to the ontological instability, these

authors suggest a radical shift in ontological analysis of
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conservation from focusing on ‘biological species’ to ‘the
process’, through which water voles are made into differ-

ent beings.

(2) Embodied epistemology

Post-structuralist and feminist scholars have been
skeptical about ‘modern scientific epistemology’ that
claims to be the objective and universal foundation of
knowledge, coupled with the purported authority of
white, male and Western (social) scientists. Haraway
(1988) and others offer an alternative epistemological
understanding, where knowledge is geographically and
politically “situated”. They extend the cast of knowledge
producers to non-experts - namely, citizens, folk people
and non-Western indigenous groups (Rose, 1997; Agraw-
al, 2002; RafHles, 2003).

Drawing on NRT, more-than-human geographers
have further extended epistemological pluralism to in-
clude the body and nonhumans as important producers
of knowledge. This does not mean a simple extension
of the category of experts to nonhumans. Instead, these
authors focus on the affective bodily capacity of humans
and nonhumans, and develop “an alternative, modest,
and embodied epistemology based on open learning to
be affected by the world in partial and situated context”
(J. Lorimer, 2009, 350). They argue that bodily encoun-
ters produce a kind of non-cognitive and embodied
knowledge, which representation-based conventional
epistemology might fail to witness. To establish this,
more-than-human geographers trace the affective ener-
gies, habits and everyday practices that are deployed to
tune humans into the multitude of the nonhuman world.
In his examination of herders and reindeers in the Scot-
tish highlands, H. Lorimer (2006) illustrates how knowl-
edge is coproduced through the affective engagement of
humans with nonhumans. He carefully rereads historical
documents that report the intertwined lives of the herd-
ers and reindeers and recreates an entangled biography of

the two species. H. Lorimer argues that being affected by

each other, the herders and reindeers develop particular
knowledge about the land and of each other, the result
of which we are able to witness from their behavior and
ecological changes.

To practice an embodied and affective mode of episte-
mology, more-than-human geographers have developed
innovative ways of doing geographical research (Vannini,
2015). For example, they develop the methodological
idea of ‘affective fieldwork’, which demands cautious en-
gagement with bodily sensations, emotions and feelings
of not just the researched, but the researcher themselves
(Crang, 2003; J. Lorimer, 2008; Laurier, 2010; 2011).
They view the researcher as another resourceful partici-
pant whose sensitized and emotive self-reflections are to
be observed and recorded. In addition, some more-than-
human geographers develop an embodied approach to
archives (H. Lorimer, 2009; J. Lorimer and Whatmore,
2009; Barua, 2013). As H. Lorimer demonstrates, they
suggest reanimated reading of archival documents by
paying close attention to the emotional and corporeal
accounts. This method enables the researcher to recreate
the affective energies of historical encounters. Grounded
in a partial and situated foundation of knowledge, more-
than-human geographers are modest about their method
and methodology, treating them as tentative, speculative
and experimental, as well as emergent from specific em-

bodied encounters.

(3) Cosmopolitics

The politics of nature in environmental social sciences
is often associated with ‘the politics of who’ - i.e. who
makes important decisions that relate human and nature
in particular ways (e.g. knowledge production, ethi-
cal decisions) (Latour, 2004; Bingham and Hinchliffe,
2008). In the conventional modes of environmental
management, this job tends to be relegated to the profes-
sionals and experts - scientists, policymakers, and cor-
porates. Political ecologists have sought to democratize

the politics of nature by extending this category toward
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non-experts, critically engaging with the ways in which
their voices are heard in the decision-making process (e.g.
involving citizen sciences, creating consumer citizens).

More-than-human geographers draw attention to the
fact that “all of the actors are not humans” (Haraway,
1992, 67 in Bingham and Hinchliffe, 2008, 84). They
point out that the vitality of nonhumans is hardly ac-
knowledged in decision-making processes despite their
lively participation in the reconstitution of the world.
For them, as Bingham and Hinchliffe (2008) argue,
the current politics of nature is entrapped in the social
realm, “doing politics [of nature] without nature” (2008,
83). Foregrounding multinatural ontology, more-than-
human geographers suggest a radical involvement of
nonhumans in decision-making such that nonhuman
differences can flourish (Bingham, 2006; Hinchliffe
and Whatmore, 2006; J. Lorimer and Driessen, 2013a).
Taking the co-constitutive role of nonhumans seriously,
more-than-human geographers demand an open attitude
toward surprising and multiple outcomes that might
transgress the prescribed trajectories. In other words,
they advocate an agnostic approach to practice this novel
mode of politics. In this sense, Braun (2008) argues that
“our politics of nature must invariably be a kind of active
experimentation since we do not know in advance which
way a line is going to turn” (2008, 676).

J. Lorimer and Driessen’s (2013a; 2013b) analysis of
rewilding, a new mode of conservation burgeoning in
Western Europe, offers an example of how such a mode
of politics can be practiced. They focus on Oostvaard-
ersplassen (OVDP) in suburban Amsterdam, the Neth-
erlands. OVP was reclaimed from the sea in the 1960s
for industrial purposes but was soon abandoned. In the
1980s, Dutch bureaucrats and ecologists introduced
herds of grazing animals (horses, cattle and red deer) to
OVP with a view of renaturalizing this plot of the land.
Their aim was, however, not to recover ‘the balance of
nature’ by putting the introduced animal population

under control. Instead, they used the grazing practices of

these herbivores to attract other organisms so that ‘new
nature’ - whatever it might mean - can emerge. In this
way, Dutch bureaucrats and ecologists managed to invite
nonhumans into the rewilding practice, making room
for their ecologies and differences to flourish. They also
managed to stay open to the uncertain futures of the re-
wilding project.

This immanent mode of politics echoes ST sociolo-
gist Stengers’s concept of ‘cosmopolitics’ (Bingham and
Hinchliffe, 2008; Braun, 2008). She develops this notion
to underscore the political nature of, and an open atti-
tude toward, the multiple outcomes of the world that an
array of different actors performs together. While focus-
ing more on the political side, this concept resonates with
aforementioned Latour’s (2004) multinaturalism, which
envisions multiple versions of nature coming into being
through different performances of heterogencous actors.
Cosmopolitics, however, differs from multiculturalism,
which claims the existence of multiple cultural perspec-
tives toward a single nature. It can also be distinguished
from cosmopolitanism, which tends to be an apolitical
celebration of multiplicity (De Castro, 1998; Bingham
and Hinchliffe, 2008).

(4) Relational ethics

By taking nonhumans seriously, more-than-human
geographers depart from the prevalent anthropocentric
mode of ethics that is largely concerned with humans
as the containers of ethical value for their proximity,
shared concerns and reciprocal relations with other
humans (Bingham, 2006). Instead, more-than-human
geographers develop a relational mode of ethics that
values nonhumans for their distance, alterity and im-
manent potential (Whatmore, 2002; J. Lorimer, 2010a;
Srinivasan, 2012; Ginn, 2014). For these authors, ethics
emerges from “the willingness and the capacity to ‘learn
to be affected” from nonhumans (Bingham, 2006, 289).
They thus propose an ethical attitude that is sensitive to

nonhuman differences and the multiple ways in which
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human-nonhuman relations might evolve and be gov-
erned (J. Lorimer, 2012).

In developing this mode of ethics, Haraway’s (2008)
notion of the “response-able” mode of relating has been
influential. In her account of human-canine relationship,
she stresses the importance of ‘looking back’ the animals
thatare looking at us (e.g. returning the regard). For Har-
away, ethics is not grounded in disciplinary codes or prin-
ciples. Instead, she turns to the embodied and mundane
commitments of individuals to nonhumans, through
which a kind of ethical sensibility can be cultivated. For
example, the continued interactions between a lab scien-
tist and animals in experiment could enable the scientist
to sympathize and respond to animal sufferings. Har-
away uses various and overlapping terms to refer to this
mode of ethical relations, including “response-ability”,
“being polite”, “flourishing” and “companionship”. This
mode of ethics is practiced through sensibility to be curi-
ous about and to respond to nonhumans. It is normative
in the sense of advocating an affirmative mode of relat-
ing. Yet, it is profoundly different from the popular idea
of animal rights that extends ethical concerns to a small
subset of animals viewed as compatible to humans.

More-than-human geographers have developed Har-
away’s ethics to create diverse concepts that describe
and demand ‘living well together’ between humans
and nonhumans. These include “companionship” (J.
Lorimer, 2010a), “nonhuman friendship” (Bingham,
2006) and “a politics of conviviality” (Hinchliffe and
Whatmore, 2006). Here, J. Lorimer and Driessen’s
(2013a) contribution is notable. They theorize the ethical
relations between humans and nonhumans as a form of
biopolitics. The prevalent mode of ethical attitudes to-
ward nonhumans is based on calculations and principles
that draw ‘appropriate’ boundaries between humans and
nonhumans (Adams, 2013). It thus adopts a traditional
mode of biopolitics, which ‘takes a life’ through punish-
ment and surveillance (Foucault, 1978). For more-than-

human geographers, however, the radical uncertainty of

human-nonhuman relation paralyzes such calculations
and boundaries (Braun, 2005). The ethics being devel-
oped here thus adopt an alternative mode of biopolitics
that ‘makes a life’. J. Lorimer and Driessen call this “a
biopolitics of living with”. It is grounded in and promotes
interspecies flourishing, values imminent and affective
forces of nonhumans, and lets these qualities proliferate.
As such, it proposes a halt to the anxiety of human mas-
tery and instead suggests a radical letting go. I will return
to the affirmative mode of human-nonhuman biopolitics
in the next section, where I discuss the implications of

more-than-human geography for conservation practices.

4. Toward a careful political ecology

What do the concepts and characteristics of more-
than-human geography add to geographical studies of
nature? Following Braun (2008), Bakker (2010) and J.
Lorimer (2012), I argue that more-than-human geog-
raphy is able to renew political ecology for two reasons.
First, by focusing on the affective capacity of nonhu-
mans, it offers a useful analytical platform to develop the
critical studies of the neoliberalization of nature. Second,
it suggests a novel methodological ethos of being atten-
tive to nonhuman differences and the possibilities of
becoming otherwise.

As reviewed in section 2, geographical studies of
nature-society relations have changed over time. The
majority of environmental management in practice is
largely based on a dualistic view of nature and society,
seeking optimal use and management of nature. Politi-
cal ecologists have politicized environmental practices
(which purport to be apolitical) by critically engag-
ing with market-based and postcolonial exchanges in
capitalist environmental management. While political
ecology has become the mainstream approach in critical

environmental social sciences, the renowned political
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ecologists Braun (2008) and Bakker (2010) point out the
discipline’s own indifference to nonhumans and vitality.
More-than-human geographers, on the other hand, have
unsettled prevalent humanist approaches by re-engaging
with the livingness of the nonhuman world (Bingham
and Hinchliffe, 2008). Yet, their efforts have been fairly
theoretical, leaving a gap in terms of addressing the po-
litical and economic consequences of affective and agen-
tial relations deployed in capitalist ecology (J. Lorimer,
2012). To address the nonhuman gap in political ecology
and the political and economic gap in more-than-human
geography, these authors draw attention to the fertile in-
terdisciplinary ground upon which a renewed examina-
tion of nature-society relations can be built.

On the one hand, the cooperation of political ecology
and more-than-human geography revolves around the
analytical utility of nonhuman agency and affect in the
critical examination of the neoliberalization of nature, as
these concepts enables to explore diverse ways in which
affective and agential relations are deployed in capitalist
environmental development. Neoliberalization exists in
not just economic and social, but also in emotional and
affective processes through which the affective condi-
tions for capitalist growth and diversification are created
(Bakker, 2010). However, the affective dimension of neo-
liberalization has received limited attention in political
ecology. Largely focusing on the ‘production’ of nature
as a ‘capitalist commodity’, political ecologists tend to
remain less interested in the ‘consumption’ of nature,
where ‘the affective bodies’ of nature are pertinent (Bak-
ker and Bridge, 2006). This leads to “a failure to address
the full scope of environmental processes and socio-
natural entities subsumed within processes of neoliberal-
ization” (Bakker, 2010, 717).

To exemplify the utility of a combined approach, Bak-
ker (2010) offers an example of ‘blood diamond’. Here,
the conventional political ecology approach is useful,
as it can reveal the global commodity chains and the

unintended violence with which the production of this

valuable commodity is entangled. At the same time,
the consumption of, and political boycotts against the
diamond are carefully orchestrated in a way that evokes
a specific emotion, such as desire or guilt. For example,
the campaigners use a guilt-invoking slogan, “diamonds
are a rebel’s best friend”. As Bakker points out, this emo-
tive dimension can be better analyzed through intensive
analysis of the agency of nonhuman resources and af-
fective relations. As such, more-than-human geography
would allow geographers to trace the differences that
nonhuman agency and affect make to the ways in which
nature is produced and consumed in a capitalist econ-
omy. Such analytical focus on nonhuman agency and
affect would be particularly useful for the critical analysis
of the recent frontiers of the neoliberalization of nature
- such as climate sciences, the pet industry (Nast, 2006)
and ecotourism (Rutherford, 2011) - in which diversified
strategies of accumulation are deployed.

On the other hand, more-than-human geography of-
fers a type of methodological ethos that focuses on being
‘careful’. In the conventional sense, political ecologists
have largely concerned themselves with ‘justice’ claims,
seeking to reveal and remedy the exacerbated political
and economic lives of powerless people. Taking non-
humans seriously, more-than-human geographers seck
to think outside of such humanist interests. For them,
what is at stake is the ontological instability of the world,
which is continuously reconstituted through the perfor-
mance of human and nonhuman actors. Foreground-
ing the uncertainty of the world, more-than-human
geographers are aware of, and cautious about, the limits
of knowledge and the capacity of humanist interven-
tions. For them, doing political ecology in theory and
in practice is an enterprise full of contingences, rather
than a self-evident exercise. To fix political ecology in the
light of the radical uncertainty of the world, more-than-
human geographers suspend recourse to ‘certainties’ of
nature, upon which theoretical and practical investment

can be built. Instead, they suggest a speculative, “pre-
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cautious” (Braun, 2008) and “experimental” (J. Lorimer,
2012) approach, which is attentive to nonhuman differ-
ences and the multiple ways in which they are performed.
Hinchliffe (2008) calls this “a more careful political ecol-

ogy” and explains:

This amounts to a more careful political ecology,
not in the sense of being cautious or even being full of
care (in the sense of sheltering others), but in the sense
of being open to others, or being curious about others.
[...] Tt is an attentiveness to difference, that makes for
useful, curious and surprising relations, and for a col-

lective that can stay on alearning curve. (2008, 95)

More-than-human geographers’ reconfigurations of
conservation can illustrate how a careful political ecol-
ogy is practiced in environmental management. These
authors are skeptical about the conventional mode of
conservation that aims to return to an equilibrium status
by putting wild animals back in situ. Instead, they de-
mand a different mode of conservation that ensures that
“what matters to nature conservation is allowed room
to breathe and to become otherwise” (Hinchliffe and
Bingham, 2008, 86; Hinchliffe and Whatmore, 2006;
J. Lorimer, 2015). Here, conservation is reconfigured as a
speculative arrangement, through which evolving ecolo-
gies and the lively potentials of nonhumans can flourish.
In this sense, conservation serves as an affirmative mode
of biopolitics that governs nonhumans in order to make
alife (J. Lorimer and Driessen, 2013a). Perhaps the case
of rewilding discussed earlier offers a real-world example
of this novel mode of conservation. A careful political
ecology appears more useful for social scientists in the
Anthropocene, as this new epochal diagnosis requires
a renewed approach to exploring diverse ways in which

humans and nonhumans intervene with each other.

5. Conclusions

In this paper, I introduced more-than-human geog-
raphy, an emerging mode of geographical theorization
of nature-society relations. Inspired by the material turn
in geography and the social sciences, more-than-human
geography is distinguished from previous theoretical
endeavors by its intensive engagement with the livingness
of the world. Developing useful conceptual tools (such
as nonhuman agency and affect), more-than-human
geographers envision a different mode of nature-society
relations within which nonhumans are considered signif-
icant partners in reconstituting the world. For them, the
world - i.e. nature, society - is perceived as an emergent
outcome of a specific assemblage in which heterogeneous
actors perform together. I argued that more-than-human
geography can further develop political ecology by offer-
ing a new analytical tool in terms of the affective capacity
of nonhumans and a methodological ethos of being care-
ful to nonhuman differences and multiple becomings.

To conclude, I briefly consider the implications of
more-than-human geography for Korean geographical
scholarship on nature. Given that more-than-human
geography has not featured much in Korean geographical
studies, this new mode of theorization offers useful tools
and frameworks to analyze Korean nature-society rela-
tions in different ways. An attention to the status of non-
humans as political subjects, combined with the affective
and emotional relationships deployed in environmental
governing, would broaden the scope of environmental
analysis for Korean cases, which have largely been exam-
ined through the political ecology lens. For example, to
study stray cat control, typical political ecologists would
examine the power dynamics of diverse (mostly human)
actors, which lead to an introduction of Trap-Neuter-
Return (TNR) program as economically and ecologi-
cally rational choice (Lee, 2015). An analytical attention

to the affective capacity of cats can add complexity to

—-626—



More-than-human Geographies of Nature: Toward a Careful Political Ecology

this humanist understanding of TNR. As nonhuman
subjects enrolled in the TNR assemblage, cats disrupt the
human orderings. Their elusive behaviors, cuddly faces,
and displays of suffering can evoke feelings of sympathy
and guilt from TNR practitioners (Srinivasan, 2013).
Such affective human-cat relations can inspire humans to
consider other options more attuned to the differences of
cats, such as, providing cat food.

Furthermore, the experience of accelerated modern-
ization led by the developmental state has resulted in
the concurrence of diverse forms and practices located
in different time-spaces. This produces unusual modes
of environmental governances (e.g. the leadership of the
state in community-based ecotourism) and practices
(e.g. the concurrence of eating and watching of whales
for tourism purposes in Ulsan). Such characteristics are
not easily mapped onto the prevalent stories of political
ecology, which have been largely developed through the
narrative of North-South relations; however, they can
have commonalities with other developmental states that
have experienced similar time-space compression. Here,
the speculative methodology of more-than-human geog-
raphy offers an analytical space in which “the awkward,
unequal, unstable and creative qualities” (Tsing, 2005,
4) of the Korean cases can attract proper academic atten-
tion instead of being marginalized as unique exceptions.
Taking an experimental and agnostic approach, Korean
political ecologists can use the Korean cases as ways of
illustrating the forms and practices of ‘other’ political
ecologies (Kim ez al., 2012), especially those of the devel-
opmental state. This could theoretically and empirically

further develop political ecology scholarship.

Notes

1) I borrow this title from Hinchliffe’s (2008) paper, Reconstitut-
ing nature conservation: Toward a careful political ecology.

2) A few examples can be found in contemporary Korean society,

including: escapes of domesticated moon bears from cages,
occurrences of algal blooms in four major rivers, and rapid
transformations of viruses nullifying a series of vaccine devel-
opment.

3) For a recent example in geography, Hwang (2015) critically
examines the characteristics and political consequences of
the state-led production of nature (see also Hwang and Park,
2013).

4) For a few exceptions, see Bakker (2003) who engages with the
“unruliness” of water that resists political economic transfor-
mations.

5) For an accessible introduction of ANT, see Latour (2007),
Kim H-S (2006), Kim (2010) and Park (2014).

6) The structure of this section follows J. Lorimer’s (2009) review

of posthumanistic geographies.
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Climate Change-induced High Temperature Stress
on Global Crop Production
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Abstract : Exposure to high temperatures during the reproductive period of crops decreases their productivity.
The Intergovernmental Panel on Climate Change’s (IPCC) fifth Assessment Report predicts that the frequency
of high temperatures will continue to increase in the future, resulting in significant impacts on the world’s food
supply. This study evaluate climate change-induced heat stress on four major agricultural crops (rice, maize,
soybean, and wheat) at a global level, using the coupled atmosphere-ocean model of Hadley Centre Global En-
vironmental Model version 2 (HadGEM2-AO) and FAO/ITASA Global Agro-Ecological Zone (GAEZ) model
data. The maximum temperature rise (1.8-3.5°C) during the thermal-sensitive period (TSP) from the baseline
(1961-1990) to the future (2070-2090) is expected to be larger under a Representative Concentration Pathway
(RCP) 8.5 climate scenario than under a RCP2.6 climate scenario, with substantial heat stress-related damage
to productivity. In particular, heat stress is expected to cause severe damage to crop production regions located
between 30 and 50°N in the Northern Hemisphere. According to the RCP8.5 scenario, approximately 20% of
the total cultivation area for all crops will experience unprecedented, extreme heat stress in the future. Adverse
effects on the productivity of rice and soybean are expected to be particularly severe in North America. In Ko-
rea, grain demands are heavily dependent on imports, with the share of imports from the U.S. at a particularly
high level today. Hence, it is necessary to conduct continuous prediction on food security level following the

climate change, as well as to develop adaptation strategy and proper agricultural policy.

Key Words : climate change, high temperature, heat stress, agricultural crop
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1. Introduction

Over the past 132 years (1880-2012), the global av-
erage temperature has risen by 0.85°C (from 0.65 to
1.06°C), and the frequency of high temperatures has
continued to increase due to climate change (Hansen
et al., 2012; IPCC, 2013). As with changes in the mean
temperature, the trends in extremes are primarily actrib-
utable to greenhouse gas emissions, these trends are ex-
pected to continue in the coming decades (IPCC, 2013).
The tendency toward a rise in temperature is substantially
larger in cultivated land areas (IPCC, 2007).

Temperature variability is an important determinant
of crop productivity. The effects of temperature on crop
production can be divided into two mechanisms (Chal-
linor ez al., 2005). The average temperature determines
the growth duration of plants, with an optimal average
temperature generally increasing the growth duration.
High temperatures generally affect fruit or grain forma-
tion, with the impact particularly large near the flower-
ing time. Crops are particularly sensitive to extremely
high temperatures during the reproductive period. Only
afew hours of exposure to a high temperature can sharply
decrease crop production and sometimes result in a poor
harvest (Porter and Semenov, 2005). The Intergovern-
mental Panel on Climate Change’s (IPCC) fifth Assess-

ment Report pinpointed heat stress as one of the major

threats to global food supplies (IPCC, 2014). In 2010,
more than 20% of agricultural area in Russia was un-
precedentedly affected by extremely high temperatures,
resulting in 50% hike in wheat prices on the internation-
al market (FAO, 2010; NOAA, 2011).

Global warming has a direct effect on agricultural pro-
ductivity and food security (Ainsworth and Ort, 2010;
Lobell ez al., 2011). According to previous studies, tropi-
cal regions are particularly vulnerable to the negative
impacts of an increase in the average temperature (IPCC,
2014; Fischer ez al., 2005). On the other hand, the nega-
tive impacts of higher seasonal temperatures are less
pronounced in temperate regions where global warming
may increase the length of the growing period and render
land suitable for cropping where low temperatures used
to limit agriculture (Olesen and Bindi, 2002). Recent
studies have investigated not only the impacts of changes
in the average temperature but also those of extremely
high temperatures or heat stress on crop productivity
(Vara Prasad ez al., 2000; Challinor ez /., 2005; Shah et
al., 2011; Deryng et al., 2014). Most of these studies have
focused on the national or local level. Understanding
the damages that heat stress causes to crops at the global
scale and the geographical distribution of such damage
is insufficient. As global supply and demand determine
the distribution or market price of food, the impact of cli-
mate change on crops needs to be considered at the global

scale.
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We conducted a spatially explicit assessment of the ef-
fect of heat stress on four major crops at the global scale
to examine the risk posed by climate change-induced
heat stress to agricultural crops. This study utilized
HadGEM2-AO Representative Concentration Pathway
(RCP) 2.6 and RCP8.5 climate-change scenario data to
assess the risk of such heat stress on each crop in the fu-
ture (2070-2090) compared to that of the baseline (1961-
1990).

2. Data and methods

The climate projection in this study is based on the
coupled atmosphere-ocean model of Hadley Centre
Global Environmental Model version 2 (HadGEM2-
AO). HadGEM2-AO simulates observation patterns
reasonably well, although it shows a cold bias over
land in the Northern Hemisphere (Back ez al., 2013).
HadGEM2-AO has a spatial resolution of 1.875 degrees
of longitude by 1.25 degrees of latitude. Data from two
(RCP2.6 and RCP8.5) of four (RCP2.6, 4.5, 6.0, and
8.5) greenhouse gas emission scenarios were used. The
RCP2.6 scenario assumes complete recovery of Earth
from anthropogenic-related activities. The RCP8.5 sce-
nario assumes that greenhouse gas emissions remain at
their current levels (i.e., they do not decrease). The period
for the baseline climate is 1961-1990, and the period for
the future climate is 2070-2090.

To assess the heat stress on crops, four types of crops

were selected: rice (Oriza sativa), maize (Zea mays),
wheat (Triticum aestivum), and soybean (Glycine max).
These are very important crops with respect to the global
food supply, accounting for more than 40% of human
calorie intake and 45% of global cultivated cropland
(FAOSTAT, 2009). FAO/ITASA Global Agro-Ecological
Zones (GAEZ) model data were used for cropping calen-
dar data, such as the start and length of the crop growth
cycle (Fischer ez al., 2002). To ensure the assessment of
heat stress focused specifically on areas suitable for ag-
riculture, grid cells were only considered when at least
5% of the land in a grid cell was indicated as cultivated
in 2000. For wheat, maize, and soybean, only rain-fed
conditions were considered. For wetland rice, data on ir-
rigated crops were used because rice is mostly cultivated
worldwide under irrigated conditions.

Diverse crops tend to show a similar response to heat
stress. For example, heat stress decreases the number of
flowers, damages pollen tube development, limits pol-
len release, decreases pollen survival, and reduces flower
pollination (Matsui ez al., 2000; Suzuki et al., 2001; Vara
Prasad et al., 2006). The threshold temperature above
which heat-stress responses occur differs among species
and cultivars. As the temperature rises above these critical
thresholds, the relative intensity of yield-damage increas-
es until total yield loss is reached.

The heat-stress intensity index (fis) of each crop was
calculated according to the method developed by Teix-
eira et al. (2013). The index was based on the framework
developed by Challinor e a/. (2005). This method as-

sumes the following: First, crops are sensitive to heat

Table 1. Parameterization used for the heat-stress assessment (Gourdji et al., 2013; Teixeira et al., 2013).

Crop species T °C) Tim (°C)
Maize (Zea mays) 35 45
Wetland rice (Oriza sativa) 35 45
Soybean (Glycine max) 35 40
Wheat (7riticum aestivum) 27 40
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stress only during the reproductive period, which is
called the thermal-sensitive period (TSP). Second, yield-
damage occurs when maximum temperatures (Tiax)
exceed a critical temperature threshold (Teri), and the
maximum impact occurs when the Tmax exceeds the
limit temperature threshold (Tiim). Table 1 shows the
temperature threshold of each crop (Gourdji ez a/., 2013;
Teixeira et al., 2013). Although the TSP is likely to differ
among different species or cultivars of crops, the repro-
ductive period in this study was assumed to last 30 days
for all crops. The TSP was centered around 5 days prior
to a critical crop-specific event (i.e. heading for wheat
and rice, pod-setting for soybean, and silking for maize).
This date was presumed to occur a fixed proportion of the
season back from the harvest date, with the proportions
varying by crop. These proportions were 0.45 for wheat,
0.55 for maize, 0.50 for soybean, and 0.3 for rice (Gourdji
etal.,2013).

To calculate the fis (Challinor ez 4l., 2005), the daily
heat-stress intensity (fisa) was first obtained (Equation
1). The value of fsq is a surrogate for the intensity of
yield-damage due to heat stress and is assumed to linearly

increase from 0.0 at Tei to 1.0 at Tiim.

0.0 for Tmax<Torie
Tmax < TL‘rit

fHSﬂ’z m fOl‘ T[V;ZSTmax<T1im (1)
1.0 fOI‘ Tmax leim

To calculate the fis for the entire TSP, the daily values
of fsq were accumulated and averaged throughout the
TSP (Equation 2).

spP
()

fi = rep (@)

Hence, the value of fis reflects both the frequency and
the intensity of heat stress events experienced during the

sensitive period of crop growth.

3. Results

Looking at the geographical distribution of the average
maximum temperature during the TSP of each crop for
the baseline climate (1961-1990) and the RCP2.6 and
RCP8.5 climate-change scenarios (2070-2090), the tem-
perature rise was greater under the RCP8.5 scenario than
under the RCP2.6 scenario (Fig. 1 and Fig. 2). For rice,
the RCP2.6 scenario predicted that the global average
maximum temperature during the TSP would increase
to 31.2°C, which was approximately 1°C higher than the
baseline (30.4°C). In contrast, the RCP8.5 scenario pre-
dicted that it would rise by more than 3°C, up t0 33.9°C
(Fig. 1, left). For the baseline, rice in Northern India,
Iran, and Southern Pakistan is already subject to a high
temperature of over 35°C. Under the RCP8.5 scenario
for rice, regions located between 30°N and 50°N (North
America, in particular) will experience the largest tem-
perature rise.

For maize, the global average maximum temperature
during the TSP for the baseline climate was 27.7°C.
Based on the RCP2.6 and RCP8.5 scenarios, it will in-
crease to 28.4°C and 30.6°C, respectively (Fig. 1, right).
'The strong warming from the baseline under the RCP8.5
scenario for maize is forecasted for the Sahel region,
Eastern China, Western Europe, and Western North
America.

For soybean, the global average maximum tempera-
ture during the TSP for the baseline was 27.9°C, which
was similar to that of maize (Fig. 2, left). The RCP2.6
and RCP8.5 scenarios predicted that it would increase to
28.7°C and 31.4°C, respectively, with the latter scenario
forecasting a greater temperature rise. According to the
RCP8.5 scenario, temperatures for soybean will increase
substantially from the baseline, particularly in Central
North America, Europe, and Central Asia.

For wheat, the global average maximum temperature

during the TSP was relatively low compared to that of
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Figure 1. Average (top) for the baseline climate (1961-1990) and the differences between the baseline climate
and RCP2.6 (middle) and RCP8.5 (bottom) climate-change scenarios (2070-2090) for the maximum temperature
(°C) in the thermal-sensitive period (TSP) (30 days) in areas suitable for the production of wetland rice (left) and
rain-fed maize (right).

the other crops (Fig. 2, right). The average maximum
temperature for the baseline was 21.9°C. Based on the
RCP2.6 scenario, the average maximum temperature
will decline to 21.7°C, which is lower than that of the
baseline. In contrast, the RCP8.5 predicted that the aver-
age maximum temperature would increase to 23.7°C.

The RCP2.6 scenario for wheat forecasted that some

regions in Europe would experience higher temperatures
than those of the baseline, whereas it predicted that the
average maximum temperature in North America and
Eastern China would decrease. The RCP8.5 scenario also
predicted that regions located between 40°N and 60°N
would experience strong warming,.

Figure 3 and Figure 4 show the geographical dis-
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Figure 2. As in Fig. 1, but for rain-fed soybean (left) and wheat (right).

tribution of the intensity of the heat stress on the four
agricultural crops according to the RCP2.6 and RCP8.5
scenarios compared to that of the baseline. Overall, the
RCP8.5 scenario predicted a drastic increase in the heat
stress on all crops in the future, particularly, in North
America, South Asia (e.g., India), Northeastern China,
and Central Asia, including the Russian Federation and
Kazakhstan.

For the baseline, rice already experienced high heat

stress, particularly in Northern India and North America
(Fig. 3, left). Based on the RCP2.6 scenario, heat stress
on rice will be high in Eastern China and North Amer-
ica, whereas it will be lower or similar in other regions
in the future. However, the RCP8.5 scenario predicted
that heat stress would increase in many parts of Europe,
as well as in Kazakhstan, North America, and Eastern
China. In the Korean peninsula, for the baseline, the in-

tensity of heat stress on rice is very low, and it is expected
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Figure 3. The heat-stress intensity in areas suitable for the production of wetland rice (left) and rain-fed maize
(right) for the baseline climate (1961-1990) and RCP2.6 and RCP8.5 climate-change scenarios (2070-2090).
The intensity of the heat stress was categorized as very low (0<frs<0.05), low (0.05=f1s<0.15), medium
(0.15=fns<0.30), and high (fns=0.30).

to slightly increase under the RCP8.5 scenario. Even with
the predicted increase, heat stress on rice in the Korean
peninsula is predicted to be lower than that of other re-
gions.

For the baseline climate, maize is subject to low
heat-stress intensity in most regions (Fig. 3, right). The

RCP2.6 scenario predicts that maize in Central North

America will be subject to high heat stress in the future
compared to that of the baseline. However, the RCP8.5
scenario forecasts that the intensity of the heat stress
on maize will increase in most regions. In particular,
heat stress will be high in some parts of Northern India,
the Sahel region, North America, Western China, and

Southeastern Asia. Maize in the Korean peninsula is
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Figure 4. As in Fig. 3, but for rain-fed soybean (left) and wheat (right).

subject to a very low level of heat stress under the baseline
climate. For maize, the stress intensity is expected to
increase by one level under the RCP8.5 scenario, but the
damage due to heat stress will not be severe.

According to the baseline data, soybean is subject to
relatively low heat stress (Fig. 4, left). Under the RCP2.6
scenario, the heat stress on soybean in the future will be
higher only in inland North America. In the rest of the
regions, the heat stress is expected to be similar or lower

than the current baseline level. However, the RCP8.5

scenario predicts that the intensity of heat stress on soy-
bean will be high in India, Eastern China, and North
America. In Europe and Central Asia, although the level
of heat stress on soybean is very low for the baseline,
the RCP8.5 scenario predicts that it will significantly
increase in the future. In the Korean peninsula, heat
stress on soybean is very low under the baseline and the
RCP2.6 scenario. However, it is expected to increase by
one level under the RCP8.5 scenario.

According to the baseline data, wheat is exposed to
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Figure 5. Relative change in the heat-
stress intensity from the baseline
climate (1961-1990) to the future
climate-change scenarios (RCP8.5,
2070-2090) for the different crops. The
solid horizontal line inside the boxes
indicates the median value for the
analysis period, the box-boundaries
are the 25th and 75th percentiles, and
the whiskers denote the 5th and 95th
percentiles.

Table 2. The percentage of areas without heat-stress events within the thermal sensitive period (TSP) for the
baseline climate (1961-1990) and the RCP8.5 climate-change scenario (2070-2090) in areas suitable for the
production of rain-fed wheat, maize, and soybean and wetland rice.

Crop species

Baseline (1961-1990)

Future (2070-2090)

Wetland rice
Maize
Soybean
Wheat

34.1
45.0
46.8
20.7

19.0
23.7
25.5
17.3

relatively high heat stress in Central Asia and Eastern
China (Fig. 4, right). According to the RCP2.6 scenario,
heat stress on wheat will be either very low or absent in
most regions in the future. In contrast, the RCP8.5 sce-
nario forecasts that it will be relatively high in some parts
of Eastern Europe, Eastern China, Russia, and North
Anmerica. In the Korean peninsula, the intensity of the

heat stress on wheat is “low” under the baseline climate.

— 641 —

However, the RCP8.5 predicts that it will increase by one
level in the Northern region of the country in the future.
Figure 5 shows the relative changes in the intensity of
the heat stress on the different crops under the RCP8.5
scenario compared to those under the baseline climate.
Among the regions that are suitable for growing each
crop, those with a heat stress index of 0 (i.e., the regions

where heat stress is not observed) are not included in the
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box plot. They are presented in Table 2. For all four crops,
the proportion of regions where heat stress does not occur
during the reproductive period out of the total cultiva-
tion area is expected to decrease with increasing heat
stress intensity. For maize and soybean, regions without
high-temperature stress occupy approximately half the
total cultivation area, but the proportion is expected to
decrease to below 30% in the future. On the other hand,
the proportion of heat stress-free regions for wheat will
not decrease much, from 20.7% for the baseline to 17.3%
in the future. As the increase in the intensity of the heat
stress is predicted to be large for rice and soybean com-
pared to maize and wheat, rice and soybean production
will fall substantially. Approximately 20% of the future
cultivation areas of all four corps will experience unprec-
edented extreme heat stress, with the intensity of the heat
stress particularly affecting rice and soybean.

Figure 6 shows the distribution of the heat stress in-
tensity index for the four crops in five aggregated global
regions under the baseline and the RCP8.5 scenario. The
intensity of the heat stress on agricultural crops is expect-
ed to increase in most of the regions. For rice, the heat-
stress intensity is strongest in East Asia and South Asia
under the baseline climate. Under the RCP8.5, high-
temperature induced damage to rice is predicted to be
strongest in North America. Although heat stress on rice
is low in Central Asia, Russia, South America, and Africa
in the baseline, the heatstress intensity of these regions is
expected to increase to a level similar to that in East Asia
and South Asia.

Heat stress on maize is expected to increase from the
baseline level in the future, but the increment will not
be as large as the heat stress on other crops. Under the
RCP8.5 scenario, the intensity of heat stress on maize is
expected to be relatively high in Africa, East Asia, and
South Asia compared to that in other regions. The inten-
sity of heat stress on soybean, which is higher in North
America than in other regions under the baseline climate,

is expected to be strongest in North America under the

RCP8.5 scenario and to have a large impact on soybean
production in the region.

For the baseline, wheat is subject to higher heat stress
in East Asia and South Asia than in the other regions.
‘The RCP8.5 scenario predicts that Africa will be exposed
to very strong heat stress, with the possibility that the re-
gion could became unsuitable for wheat growing. In East
and South Asia and South America, the intensity of heat
stress on wheat in the future will not be different from
that of the current level, unlike other regions and other

crops.

4. Discussion

Heat stress can be expected to pose a risk to crop pro-
duction if greenhouse gas emissions continue to follow
the current trend. Mid-latitude regions in the Northern
Hemisphere will be most vulnerable to heat stress-related
production risks. The IPCC (2007) has predicted that
temperature rises and variability will be larger in temper-
ate zones and that these will increase the risk that heat
stress poses to crops. The aforementioned implies that
agricultural production in countries in temperate and
subtropical zones will suffer substantial climate change-
induced losses, which is consistent with the results of pre-
vious studies (Fischer ez al., 2005; Teixeira et al., 2013).

The intensity of heat stress on agricultural crops is
predicted to be increase substantially in major agricul-
tural regions, including China, America, and India, in
the future. Figure 7 provides data on the production of
the four crops by the top 10 producers during the past
10 years (2003-2012). China is the top producer of rice,
producing approximately 0.19 billion tons, followed by
India, with approximately 0.14 billion tons. In India, rice
is already subject to strong heat stress, as shown by the
baseline climate. In China, although the current level of

heat stress is not high, it is predicted to become a major
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problem and affect rice production in the future. Other
than these countries, rice production is high in Indone-
sia, Bangladesh, Vietnam, Taiwan, Myanmar, and the
Philippines. Parts of South Asia are subject to high levels
of heat stress today, and the intensity of this heat stress is
expected to increase in most South Asian regions in the
future.

The U.S. is the top producer of maize, producing ap-
proximately 0.3 billion tons, which is approximately
twice the production in China, the second largest pro-

ducer of maize. According to the RCP8.5 scenario, heat

Rice
Maize
Soybean
Wheat

Figure 6. Relative change in the heat-stress
intensity from the baseline climate (1961-1990)
to the future climate-change scenario (RCP8.5,
2070-2090) for five aggregated global regions,
considering four different crops. The solid
horizontal line inside the boxes indicates the

Bassine 20805 Gaseine 2080s Baseine 20805

Africa

median value for the analysis period, the box-
boundaries are the 25th and 75th percentiles, and
the whiskers denote the 5th and 95th percentiles.

stress will exert a strong impact on maize in Western
parts of the U.S. and Eastern China, with heat stress pre-
dicted to rise sharply, despite the current low level. The
other top 10 producers of maize include Brazil, Mexico,
Argentina, India, Indonesia, France, the Ukraine, and
Canada. In these countries, the influence of heat stress on
maize production is forecasted to be relatively mild in the
future.

Soybean is mostly produced in South American re-
gions, such as Brazil (approximately 0.06 billion tons)

and Argentina (approximately 0.04 billion tons). In these
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regions, the heat-stress intensity predicted to slightly
increase from the current level according to the RCP8.5,
with strong stress in some regions. However, the overall
impact of heat stress on soybean production is not ex-
pected to be particularly important. In contrast, China
(approximately 0.015 billion tons) and India (approxi-
mately 0.01 billion tons), which are the third and fourth
largest producers of soybean, respectively, are expected to
experience a decrease in production in the future due to
higher heat stress.

China is the number one producer of wheat, with pro-
duction of approximately 0.1 billion tons. Although the
impact of heat stress on wheat in the future is expected to
be relatively small worldwide compared to that of other
crops, heat stress is predicted to be a problem for some
other major wheat producers, such as China, the U.S.,
and Canada, with subsequent effects on wheat produc-
tion. The intensity of heat stress is predicted to be low in
the future in other major wheat-production countries,
including India, France, Germany, Australia, Pakistan,
and Turkey.

In Korea, which imports approximately 75% of its
food crops, including maize, wheat, and soybean, but not
rice, heat stress-induced effects on crop production will
directly affect food security (Fig. 8 and Fig. 9). Accord-
ing to a report by the Korea Rural Economic Institute
(Kim and Kim, 2013), the production base of crops,
except for rice, has diminished in Korea, and the cultiva-
tion area of rice is continuously shrinking. It is unlikely
that increased domestic agricultural production will
enhance the self-sufficiency rate. Thus, current domestic
agricultural supply and demand, which is vulnerable to
world agricultural supplies, demand, and price fluctua-
tions, will persist in the future (Kim and Kim, 2013). As
shown in Fig. 8, the self-sufficiency rate of Korea in grain
production was 23.1% in 2013, which is the lowest level
since the records began. Korea must take steps to ad-
dress this issue. These should include making continuous

efforts to increase the food security level, while closely

monitoring world agricultural supply and demand and
price fluctuations.

Figure 9 shows the quantity and value of imported
crops in Korea in 2012. Imports of maize accounted for
52.6% (47.4% in imported value) of the total number
of imported crops, followed by wheat, which accounted
for 36.3% (32.4% in imported value) (MAFRA and aT,
2013). Imports of soybean accounted for 7.4% of the
total imported crops (13.5% in imported value). With
regard to rice production in which Korea has a relatively
high self-sufficiency rate, the share of total imported
crops was 1.6%. As the share of the four crops (rice,
maize, soybean, and wheat) of the total imported crops
to Korea is as high as 98%, it is very important to predict
their worldwide production in the future and to crafta
suitable response to deal with production shortfalls.

Figure 10 shows the imported quantity of the four
major crops from the main exporters to Korea. China
(31.2%) and the U.S. (26.2%) accounted for more than
half the rice imports in Korea. In the U.S., high heat-
stress intensity is already apparent in some regions, and
high temperatures are expected to affect crop production
in most regions in the future. Heat stress is also expected
to exert severe effects on rice production in China in
the future. Although Korea has a relatively high self-
sufficiency rate in rice, as noted above, the area of rice
cultivation is continuously shrinking. Hence, it will be
important to take note of the rice production trends of
the largest rice producers and exporters in China and the
U.S.

Korea imports most of its maize from U.S. (34.9%),
Brazil (24.3%), and Argentina (13.3%), with fewer
amounts from Eastern European countries, such as the
Ukraine, Serbia, Hungary, and Romania. In the U.S.,
maize production is currently subject to slight stress, and
heat stress is expected to significantly increase in eastern
parts of the U.S. in the future. The heat stress level in
South American countries, such as Brazil and Argentina,

is low at present, but it expected to rise in some parts of
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Figure 7. Production of the four different crops by the top 10 producers (Average 2003-2012).
Data: FAOSTAT
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Figure 8. Changes in the self-sufficiency of Korean in crop and rice production.
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Figure 9. The quantity (left, tonnes) and value (right, 1,0008) of imported crops for 2012 in Korea.
Data: MAFRA and aT, 2013
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Argentina in the future. Besides the aforementioned,
crop production in other major Eastern European coun-
tries is expected to be exposed to relatively mild damage
from high temperatures in the future.

Most soybean imports to Korea are from the U.S.
(42.9%), Brazil (31.0%), Paraguay (13.5%), and China
(10.8%). The U.S. is the top exporter of soybean to
Korea, and strong heat stress has already been observed
in the Central American region. Furthermore, high
temperature-induced damage is expected to affect crop
production in most regions of the U.S. in the future. In
Brazil and Paraguay, the level of heat stress is very low at
present, and the stress is predicted to remain at a low level
in the future. In China, although the level of heat stress
at present on soybean is low, heat stress is predicted to
increase in many regions in the future.

Korea imports most of its wheat from the U.S. (43.2%)
and from Australia (41.3%). In the U.S., heat stress on
wheat is currently low in most regions, but this is expect-
ed to rise substantially in some parts of North America in
the future. Australia has almost zero heat stress on wheat
as of now, and wheat production is expected to continue

under a stable environment in the future.

5. Conclusions

This study examined the risk of climate change-
induced heat stress on agricultural crops at the global
scale using HadGEM2-AO RCP2.6 and RCP8.5 sce-
nario data. Although global model data are suitable for a
large-scale analysis, it is not possible to interpret the high-
resolution data ata local level due to the large uncertainty
that exists in each grid at the cell level. This study did not
consider a number of factors, including the microclimate,
soil properties, socio-economic conditions, technologies,
and infrastructure, all of which can be expected to affect

heat stress at a local level. To detect local impacts of heat

stress and identify adaptation strategies, the impact of
heat stress on crops will need to be evaluated in a more
high-resolution space in the future. In addition, this
study uses a global climate change model and therefore
excludes a key source of uncertainty in crop response to
projected climate impacts. The need for research into
uncertainties associated with different climate models in
increasingly recognized (Deryng et al., 2015; Rosenzweig
etal., 2014; Elliott ez al., 2015; Miiller ez al., 2015).

This study confirmed that climate change affects tropi-
cal agriculture. If greenhouse gas emission continues to
follow current trends, and efforts are not taken to miti-
gate climate change, the resulting high temperatures will
affect agriculture in temperature and subtropical zones,
with subsequent implications for the world food supply.
This study points to a serious threat to food security in
Korea, which depends on imports for most of its crop de-
mands. To minimize the risks that heat stress poses to the
world food supply, mitigation measures aimed at global
climate change, as well as actively investing in local adap-
tion strategies, such as the development of new varieties
that have a high tolerance to heat and changes in crop

management, will be required.
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Location and Scope of Nokdundo located in the Dumangang Estuary

Seungho Son*
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Abstract : This paper tried to delimitate the location and scope of Nokdundo located in the Dumangang
estuary. In 18th century, Nokdundo was an alluvial island formed by several tributaries divided from the
mainstream of Dumangang. In the mid-19th century, Nokdundo was connected to the Russian territory
because some tributaries were blocked by sediment flows. In many maps published in the Joseon Dynasty,
the location and size of Nokdundo had not been depicted consistently with each other nor been described
correctly. Because of the recurrent extinction-generating phenomena of waterways of the Dumangang due
to sedimentation process, the location and scope of Nokdundo can be delimitated differently according to
the era. According to the distance information of the records published in the 19th and 20th century, the
scope of Nokdundo can be extended widely to the Maritime Province of Siberia. So, the author have set the
Sodumangang(Karasik River) as the northern boundary of Nokdundo. The Karasik River is called Sod-
umangang by the Koreans living in the Maritime Province. As a tributary of the Dumangang, Sodumangang
flows into the Posyet Bay. Nokdundo was an island separated from the Korean peninsula and the Maritime
Province by the Dumangang and the Sodumangang respectively. Tributaries of the Dumangang have formed
many alluvial islands at the mouth of Dumangang where the Dumangang meets with the East Sea. So, the

possibility that Nokdundo was consisted of several islands can not be excluded.

Key Words : Dumangang, Nokdundo, Sodumangang, alluvial island, Krasnoe Selo
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Tracing the Evolution of the Global Production Network Discourse: An
Alternative to the Firm- and Industry-Centered Governance Analysis

Jae-Youl Lee*

9 & =2 AAA Y] 2R AUEY A HES 57| A GPN 2.0 0|23t HAZA] &

AAo2 HES o] oA 20009t 21 R YIE D =29 P4 S S=E AdE/7H
AETEe) E A, BAE Al 2RAIA ’“Eﬂﬁ} L O1F =99 2t ARl A A7) HAs B ==
A e =7 P AASE BA, 252 719, A 1o WARE wAlof ks HES AHY] &2 A
A © A =g, v, ol24 2o #Ad Eﬂﬁi Hlj&ol =] A7, olofl HiRt SHe R T
Yeung and Coet= ¢17+4 Hﬂ‘%zwl F3elet ole welE ==Y *E*M]E%Jﬂ 2 A=Y 18& THe
E GPN 2.0 °J25& A}, o] 23, 2=d *”*PLHE%E HES 0|83 29 2AIE HEE 4= A =
AL, A= Ui +Xﬁ§¥ SAIA BA|, SRR BA|, R 5 ot *@*&Lﬂi%lﬂ 23 g 714
A st a9l 2 AN ARAA g 4 QA Hoieh 2ea 2R A EYaet = A

F/71A A =2 7 X}Ol% oL B Fedl, o7l R u Hdel ggo] folrct Fasict <
E4E GPN 1,004 7hA], 2F4, HEe] 24 iES 223lal 9l HEYA FeH 2 getEn, o]
71dolut ARl A A zpojof] o] B AR @290 SIS 2 YA 8] & Aot

F0: Z2Y A EQ D, GPN 2,0, FEH AE/7IAE, AHds ot mA

Abstract : This paper reviews the evolution process of global production network(GPN) discourse, from its
origin to the recent theorization, namely GPN 2.0. In so doing, the discursive formation of global production
networks is introduced in comparison with a competing discourse global commodity/value chains, with par-
ticular attention to conceptual and analytical lacunae in the latter. This article also outlines how the global
production network perspective has become a useful discursive and practical tool that allows the examina-
tion of the nexus of global economy, transnational corporations, and regional development. Subsequently,
a theoretical dearth in the approach is discussed in reference to key critiques, and in this context Yeung and
Coe’s recent theorization GPN 2.0, which is centered on casual mechanisms and network configurations
is reviewed. This paper suggests that the theory adequately addresses the problem of casuality lacking in its
precedented conceptual framework, and that it helps exploring the formation and evolution processes of
varied production networks(including intrafirm coordination, interfirm control, strategic partnership, and
extrafirm bargaining) in connection with competitive dynamics and risky environments. As a result of the
theorization, the difference between GPN and the chain approaches has become more apparent, and the idea

of extrafirm bargaining is particularly important in the differentiation. Extrafirm bargaining is seen to be a

* g 2| 2] w83t A)ZFAHPart-time lecturer, Department of Geography Education, Seoul National University),

lee.jaeyoul@gmail . com
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comprehensive networking form inclusive of such GPN 1.0 analytical concepts as value, embeddeness, and

power, and research attentive to, and engaging with, the extrafirm networks is expected to help transcending

the chain governance approaches’ analytical excess of interfirm linkages and industry-centeredness.

Key Words : global production networks, GPN 2.0, global commodity/value chains, governance, extrafirm

bargaining
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2015; Coe and Yeung, 2015). 200041t} 21k giA] A
g st} AR 2 stA=9] A A7 7F A 1593k
S22 A EY A A8 2Ao] HUH AAH,
GPN 2,0 o]2o] o] A+ Zopr} She = Zlohal Biek
& AAFEaL whsty] gk ? ol A ¢l
A] Sl Al 2 =0 Al WA 291> GPN 2,09 o]
£33} =97t 7= &fnlE wfefsh= Aol

SHH, A 1537 SR A ER A =00 A
N S FAACRE FESEAL, GPN 2,02 47K,
H| G ot o] sfol ojn| EARith= HE W
Y a7t qleh FoET o] g% o E=1(2015)9] X
<+ B7to| =5 weith, 158 GPN 2,0 V1Y
O] A A FHFo| 24E FaL- 71 T4 AlAA
A EQAEO R 38t Al & 7k, o] =
7} 71 WY AABAIER A =95 S
A W 7537 E SRt (o] 9% ol=<e, 2015,

38). Z12]al o] 52 Tt 7|9 WA wizol GPN

2.00] 22 AE/7Fx| A (global commodity/value
HE AR, "2 W wjA=
A 719 9 FARE A WAl v A= FF
of tafxl= EAES AFIskaL A ¢ oA GPN
2.09] Ao EAof thgh -8/ Wbl H7kst
o, BlAjEte 2, GPN 2,09] $-8-40] oA v
2 AstAolgts FAE AT AL Y FA
o] ‘=7t AFF A Al (business systems) (Whitley, 1999)
ot}, o] o]E=(2015)0 WHEH, GPN 2.09] =
=4 7|14 A2 718 5 22 W 223Kinterfirm
coordination)’?} A 2] T4 (interfirm control) O]

A e 22 A ES S B4l 28 715
S 1), A7 AN ALz o] Y
2ok oA sHel A8l e T4
= QrtT BAIE AIE, ofeld vlmA Brh A
O£ P 0% 8ok 20| s HE
2ickiz ol A o]ul7} i,
B =Flof A= GPN 2.02] 28 7549
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2 A o) x] gt o] A

Zofl= EAI7F St

chains) ©
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513, 7198 AU 242 Fte] 2UFE AN
sttty Adshy] wj&Eo)ct, 92w (extrafirm bar-
gaining)]l H} Yeung and Coe(2015)2] =205 =+
tf zlo] sxarstar ofsigttt, GPN 2,05 71 &
Ao =o' g EX% % AL Y7 T3 Jrlel &35t
o}, 2223l o] 52 QRS 7d 3} she B ol A
CheFeh E2H4, H]Ei—} 2 Y AHE2] Aol =535t
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31 Q. o) Ae AASE AR} TR A EY)
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24 2| eiz0f 0} 7} 20| AROJEAo] TEF
A WS e 27150l BAE SEs
shiz Stbe] gHoRE ol 7bsslth Y ofd 3}
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dl&27]0] et ujghe PERE ojojd 4= glrk, 1
94 GPN 2.09] o] 2815 T3] Al T 0.20)

"SR weshE Ak =To] o{X]7F Wk GPN
=olo) A7 SRY AE/ AR gEY ARE T
A A2 A, BEOIA FAHISA A el aog—s}
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2 A EY D HE29 BiE S Astit o
=219 AlFto] FRY AEARST 7 AR Y] 24
2 M-S S5k oA SR FS 55
gzt 2]ar 3EofA A 15Ext = YA
UIESA A Zoprt o] 53t et 2AES HE
gith, of7|olA= SR Y EH A F-Eo] AlA S}

A 7] PAE g Aoz Adstar, FAA
ejstol A 234 7|23} e ol 242 ks
S STRE Be PxeiAR, Q17 ol & sto] ol
oft= v E Sk A ek AR, 442 ol 28 A
1A} 8= Yeung and Coe(2015)2]
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T =S ek %A GPN 2,0 o|23}5 &
B2 ARE/7F) AR W 2 GPN 1,03} B wEh 3
7Fghek, mpRjupo 2 Zé oA o]/de] =2of| gt &
oFyt A7} o] F0]X] 31, GPN 2.09] 3840l T3t
37 AAF

2. B2 YA EYAY 5
R AT 719 B4 AR E 2

R4 olA

QA2 Shoe] 32 A E ST tha
o= FAAE S| ‘F 2 AEAE (global com-
modity chains, GCCs)’ Tj2{t}ele] thgh vja] HE
= E35lo] Y5t WA H(Dicken ez al., 2001;
Coe et al., 2008). ZLe|A] o] A& F23}7] o
A GCC A+-9] 54 F 2 7FA] A& (global value
chains, GVO) & A 3}sh= 1S 71EFs] A& 2
7} Qlek, o] Al 7HA] g B A S A H| 29
Ak} B 221 BAS AlAskel o)A
BAsly, 7kx] 4 33 A o] Z-gof A
& =t 35 80] AtHCoe, 2011). SHAIRE, ofefo

A Nt A o5 sk A skehe
Aol Hegk 2ol 7} i,
GCCE AAAA |2 o4 shR AT % B4

Hpele), 27)o)e

o G T Alo] £ 2o Ul

7 Eo] AR A o)F
¥4 9lct
(Hopkins and Wallerstein, 1994; 1986). -2 0.2,
A, R, Ax 2 4] S0 27 e v
el 27 Ao metoA A eze] A

Al 2"lo] ZA] ;(Hleg‘— OFA}o] oq;.z],] A
AArgiet, 18]35 19909 GCC 249] F4
JlollA] 71922 ok, WTO 9 5 A
of Ao AEe] YTt A o1 ES A
FAIsR #7te] efafo] A H o R FolE
ALl AAIStA 7] 910] 2HAT = B F o fé
o] Althel Hste] Adds] S7HE AdRrol =Tt
HI}AT Garry Gereffi(1994; 1999)= o] Zgl7]of

4 flo >
19 Ho o
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Kl

]_

_F_EL

71 Fagt e H shatol i, = 7] o] A=k
1 o] 28-S F1 GCCE APHAstlct, o] 2t
oA AHAAE v O 2 YA} & (producer-
driven) A& AFE' I ‘GO RF 2 (buyer-driven) AF
F Ae] oA GOC T2l ool Aick, AT
A2 AMEAE B, T, A5 AT ]
s okl Aol A FEAA ek, 23
},{I/\Eﬂ Sod3} Pl e A s

W, Pl 2w At 48,
0o Arlol A ke, ohek ol
o 3= thFHHE 7I%d, Hej A|Ql, sPA 2
A, T 55 SR Y Gerefh
and Korzeniewicz, 1994).

2000418} o] 7|40] WS oF 44 2] e
7h B, A4 FE} P} ] A
2] -0 R BT, o] £AE S2ehz A2
A B20) 288 ohl 48 AelA 22 T
/\]—é\‘(global value chains, GVC)'& ©0]=3HGereffi
etal., 2005; Humphrey and Schmitz, 2002; Ponte
and Gibbon, 2005; Ponte and Sturgeon, 2014; Stur-
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2 ANUAS BT DS FRA AEA
WA FEE FREY QS A zol4 7
wia} i mgo] Aes] Bhol LrehLaL 917 uo]
o}, 7| ok, AR R FA AFE-S AAKSH= 7]@%

J%l-

A 5710

_ulo_l
it

H 1

& tlAjelzt g Roke] B4l

2
[

> L
_0‘::
o ooz
o o

Ab A Q5 skl 917 wiol T}, el
2ol A, GCCE} o] GVCE 7| F49] #wd
25 SRRt GCCoF th=A| "t s e
24 At B2 (buyer power) & FARE 4= = 7]
" (Ponte and Sturgeon, 2014, 200)°]] A2 EX
94 iz%o] ul—io17;] olq_

ol2i3t WA 0 & GVC FHAEL A A 47

- 670 —



& GCCee HE=A AL shetl, F 7 &5 71
o] de] ARg-Hct, A MAE Scurgeon(2009)0] A
ekt Aoz, 4RI R FsHA 71 ol 7HA
S& LA WA o wEt oAl 7R R o= -
23tk (1) 7o 2 A5k A A A (market
linkage)', (2) 4d] FE3HE WA & §-53 3+
A e} A sl= ‘HEAA (modular networks)’, (3)
oot 5 B Aolel ABA A4l ng
o] o]Fof2|= ‘TAIZ AA(relational linkage)’, (4)
Sjpol BE3E ZANA ALAIT 2H1H A7 o] 2
o)X= 282 AA|(captive linkage)', (5) 214 &
3lo g o]|FojX & 71 W AA (linkages within
the same firm)', ©|€}= th24] 7]¢] 7+e] “FA 2
(quality convention)' & AAs}= Al 7|02
Ponte and Gibbon(2005)+= oAl 7}A] AU &
F& EReh (1) 7H o] 29| 7|0l H= A
(marker) 52 ', 2) +H% £ E2 F4
o] A4 == A A (industrial) 52 ', (3) YA
A A} Zo] A1, BEE, AAF 55 ol Fdol A
== 7Hd A (domestic) F2 ', (4) AF2]2, 2
744 gFol F4 9 7|&0] H= FA (civic) &
e, (5) F-ol A4 vhgoll oaf A== 7
314 (inspirational) &2 ", (6) =5
Bgo g FAo| AAE = o)A F M (opinion) F3&
e

o] A Y A& AHUXA7F GCCollA] GVCRE o]o]
A AFolA AASE AA 2412 A G
FAI8FA|QE, Peter Dicken, Henry Yeung, Neil Coe
BTz o WAL st AA S S 1
AT 20| B7S v]TEh] GINS Hjerd
2 A A3 H(Dicken ez al., 2001; Henderson et
al., 2002; Coe et al,, 2004), 94, o] 5L 21& 7id
= et FEj o] BAEE Tofstr] e Srkar
A A7}, Sturgeon®] A F4l ol UE =
AA™, Akgo] FAISh= QA2 2R o= 4
Zo| AU A% A" (Henderson et al,, 2002, 442)°]7]
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U W ohdet, 7199 iRt ETe AE )
grozx Peof tigt F2# 9] ojsfvt AlF3}l7| uf
o}

woltt. dE2 A SAehE Aid, YEHTA 7
g, AdA g e e 5= Qledl(Allen, 1997:

2004), A3t A 7Wd stell AR GCC-GVC <
TAES AUAE A8ty A8 2AFo=R
7ol WAjgekaL 7pg et @ o]g A 713 S B
WA o2 719 WellA, 1e]al 7] EeliAl
Hoj 2= v, AT A, 4, a2 oAl AA
2 Yeht= A8 IAE o 4ol glokar A& s,
Hess(2008)+= GCC-GVC ¢TAEL Y EY AL A
o] B A= HHE T P o] qlokar A
Alghet, v]segh Wetol| A, S|t E510] IS 1
£ 7} %3} Dicken er 2l (2001, 93)2 “HES Y E
oA QA& 7HE Alo] ofet [FAIA 1] Al
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3. == AEYA 1.0
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I A Ao
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T 8lar, a5t 7)&, 23], AT, BE=, A
= ARESte] AU 23 o] 55 Wl = gt
(Kaplinsky, 2005; o}2f| =), W] HA| £49] =74
2 Awolth, 54 Ao AR 7|, =%, 7Y &
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Yo 2 H2FA 23 (strategic coupling) 2 A A BT}
(Coe et al., 2004; Yeung 2005; 2009).Y o] 50| w}=
™, Michael Storper(1997)& 4|58t gL 1|0} &t
,L]-o]iﬂ-EO O]EH}— 7]/\ z_' E—J APHO]
A (holy trinity) & 2| Jubaie] Y5202 A3

r

ﬂ
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Z2Y YUUIERS HE2| Tt

=2 YHYEQ3 e HE

Heol2 Hers xa U
RolAt 3 Z2H - SR g
274 719 w3l

A S x| o

- M HE

- 7HA ST EXE &3
e =3 - 7t g o|=1} uial

x[oaxw

&
« ZA

-%E

O7 1, 22 MAE A9} XIHHO| ol JHHY

Z2]: Coe eral (2004, 470)2] NA=E AH 4~

Ak, 1ok o] Al Alrmofl Bl 7l ‘A A4,
(regional asset) 2 M| AIE} A of] ZAHof] Ex}at
Q7] wjolck, Tef A Ao A|mel AHALS Eaket
oL] A @ A 2l o] I Q x7o)R] &
ofugtal X A3}, Coe et al, (2004, 471,
< 2R A E A YA Al 9e
AAE0] HEkx Z o} Abs Qo] A"
o] Aol AHF S ek mket,
EESONCEEREENREE R
ool 7]o] 2= A E
Hlenroller)o] Hof A|A] ATS TAYA]
o] AV & 5 Stk ot} o]
29+o] I at T1of| whE A avE
flste A2y o stubE A A A=
A AAAS A A7) = Ao|ut =3Ha A
CAYGE 22 A EL] A A7
Al(glue)' o] &L dh= Aole THE 71&

T} GPN 1.0 AIQHAHES F43HH(Yeung,

s
2~
T

=

2 g Ao l’N
R S
ok \lﬁ FlO _1

N
18

=

A

o
o
rr
pac)
)
oft
>
=2
ﬁ

3}

)

o Beoo forfrox

¥ 0] 7
Z|HA] &

= -
12 o

)

J
424.

1
ol
-
N

ek
g

I reoe

X,
Wi
=

2 qr e o ofdeoro
T
4

¢

(
-

of

[\
[«
o
N
Nt

o] ol A, At o 7S “A Ao
B2t HA A U EQA[F, A=} A QA4 7H
o] Az A2 ]9} FEH MAR| E 2= AJo] o] AbE R}
o] gt A2 (Coe et al,, 2004, 469) = YA
sho, M2 sl G AR 2] SRS A A 3t A

f

c

(0]

¢}

i

2] o]—Oﬂ E/kl g}ﬁl—

HHd (globalizing regional development)'2] 7i'd S A
AR 1 A, olefat Aepuae] Ak 7}
29 A=, 7, FH 2 FEF H(Henderson ez al.,
2002). 7k A= S de i/\} A,
e E AA 5 A9 wEA E4o]
o}, Aol A st HE ]9 Aol chap Fefe) 4
tho] wekte 7RR] A FA0 o ARt FE =k
Henderson e a/.(2001)2 AR oL}

7] A (technological rent), 2] -
H =2 2| (organizational rent), 320}
ZHAA YEQ e} 22 BAIA At (relational rent),
Al A A o] Y=
rent)’, =7k F 749 10“5‘134 A TR 2
(trade policy rent)’ 5= A4 23tof| A wEE = 5

&ﬂﬂmﬂ%ao Holet 3
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olefat UL FohAloke] Aots
it Ak 291 3414 A2 2hel
7W A (industrial upgrading)’ 748

Sl=g g =28 —T—?}E}(Yang etal., 2009; Wei,
2010; Kim, 2011), A=717} 2| 7F 2A 2] npzt
2} w9 F R A2 oo, o2ie 2
AbAe] 5351 MacKinnon(2012)2 A 2F4] Z3lo|
3| 4| (decoupling) 2} A 2 & (re-coupling) &= |35}
=S BAT IS AAEH = ek

AG7HA AR A", 7HA], 22, dE ] o
A 24 NdE Bl e R Ak, A A &
A7F 2%719] GPN 1.09] 4] Bt A AR, A

100] AxF A5 F o2 AE3] = ol
F7HRAE s el A

HA= GPNo] L%ﬁ}% AAEAA Wk o] E
o} A8} Sk WA ol Tk, o] @F sl HAARe] Al
o] 7} o= B E-S F8-3H(financialization) 2}
GPN9| A o] tHGibbon, 2002; Palpacuer, 2008;
Milberg and Winkler, 2010; 2013), ©] d-+5of o=
H, dsA oz iS4 7195 a4 o4
%‘— AL, #3718 golehe A8 e
9] of=F ‘A kYA A (contract manufacturers)’

oﬂ S F= A o2 o]o]HTHGibbon, 2002; Mil-
berg and Winkler, 2010). o]&gt 7+ ‘mEAYA
Y E {3 (modular production networks)’(Sturgeon,
2009) 2-8-9] F7FE A =792 A H] Tk} a1
L Zgo| AAS " 2T 7HHI—E/R]—:._1LQ,] a3 ol |9}
2134 A BA O RIIEEIE AJes] WobA]A| = qict.
o] wjZo]l Palpacuer(EOOS)% As2 BAGA e =
S AT LA B T ol
AT ek Ses RAITT, @, 3Tt 3

L= g, 2 A 43 dsle)
PR oA 4 AR Aol HE EF A
FAE0| 58k 9l Eoko|tH(Glassman, 2011;
Levy, 2008).

EA, GPN 2] g2 A8 5= A 9]
Fotm yEhdth 2719 A4 42 A=
ARET FARES] AR E g0t HE Aol
(Coe eral., 2004), oA = K} tf FH gAY

ool Al GPN Z4]0] o] F{ I th(Dicken, 2015). 71
HO7} G4 (Bridge, 2008), 253} &7 (Hall and
Jacobs, 2010; Hesse and Rodrigue, 2006), Z]4] A]H]
24 (Faulconbridge, 2007: 2009) Ho A 248
7] A 2](Gregson et al., 2010)|7kA] o]|2&= A& B
H, GPNO| 8§ 7}A|= F-gtaf Helt}, 1ejal o]
3k A oA A Y] bk & A aH7E A
=7199 2= M ERA 24 &5 T+
&2 Ttohe ol A= vebdth(Franz, 2010;
Guthman, 2009; Hughes ez a/., 2008; Neilson and
Pritchard, 2007; Rothenberg-Aalami, 2004).

o7 22 A EZ] A 100] gk A
Azt AA O] et -2 EReA AT, o2
3} Ao 9] EA|l= 13] A7 = A tHHudson, 2008;
Sunley, 2008; Starosta, 2010), AFA, o] =2]2] AJdF

o HEH o2& Sush] U A oh gt A
A} AAle) AN B4 251, ol olafal

7 Ao HET QN2 B, % sppel e
© 2 AAE A HDicken er al,, 2001), =2 A4
E9 g} 4] 314 391742l Neil Coe2011,
389, B2 27N2A A Al QAR BEE
AU RS 1] YT WO
A 4 ek 22 A=A olE B4
Ot S
B4 AT el et 243} AT ol o1 x4
S30ek, GPN 10041 714, ek, Ao S 7
g W=z A E R o] A Se] F2 AR E
9ze) 94 40| olma ln oAU ZS 7
1 AR A B AAISH E3HYeung and
Coe, 2015). ole] thate], GPNS B]Z3t A ZE A A
2]51o] 4 H]FA}Q Sunley (2008, 15-16, FxF
i 719 Agstehe 2 £ slch o
2} o) 23,

Yeung(2005)2 719 AF3] 2] Y| EY 9] B
A Ao BRE Sdsh= WA 22 Ao, teF
o2, B2 Fo] Wolxk 2o Ho
z‘s}q olel Alo] Mol AZy Aot L=

olet. 711e) S5 AAH 523 2ol of
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sho] 218 elstol gl7] Wiolh 1gA| Uvkst
5] o}3]9) AHg- HAI Tl Tt 2174 v
YEe} mEe] daks St TeE Aol
gtk AR /oA ol A} 2oi 7] /B o)
AL FEFHE Ro] B B, 137 of
obx}e 47} it
| #4420 Aol g
Qlpx] o 2 NEA] AR HAlo] VAfsfor 3
Ch ZE GOl R TAE AR WAOR o)

2l
2
o
o
o
ofl
)
fo
i oflh
>
o o
ﬂi$

ﬂJ

51 Zlo] A% EIE} old
HpA2- o]t A AJAbSEaL, FS1E AUjaL, o]t A

W oFs=A] o 3gt 7fo| = A|A|SHA] gt
[E7ahe] MEY A9 Hejo] Qo] Ao

o]}t ulghe A0 0]o]#] Sunley(2008)= ]
410] B0l AEFOIH, ABHEA o] 28

o

o=
‘?:“’lé—oi =2 A EYF ) 24 d40
W Eabs WS gtohetal Wit of A
ok 22 A EL A 24& Jeta4 ¥

of| Al Aj+d3t =2] %= ltHMacKinnon, 2012; Oro
and Pritchard, 2011), ¢)|& 9], Oro and Pritchard
(2012 2 AIZko] 54 ALlol Lt AHES] 2yl
5492 JolA] AskAAA ate] AR oA T A
T2 2R3 oS Edle| dET} 3 710] 4017
ol Al Y= 912 ASFE LA, vle 2Ae)
A1 7}A] 2 MacKinnon(2012)-2 ‘TFAY, 417, Al
e 59] XsFAA 25 =& Sol == AL
Y= gizeh A S 7he] Hebs 2 vmEe
2 1ok, 2371905 Aol o e
Aol LA A, oAE E
of ke WAL AT 9
71 (organic) Q! A3} 24 (structural) 3l A= EA)
4 9ow, Teja xae] Wlel 2ol Aol
o Aot A =S vheo 2 Telslof shtki Tk R4
g,

olof B15}], Yeung and Coe(2015) 2 S22
A 9229 WA BAAE L %} g o] 24
& ANEsk= Al LA ERIA o] 29 &

:

_I

:

N o

Say MAEYT 2ol Hs

2
o

L
ull

2 473 A GPNo| A4S 744l 9l

ATA Sl e ol gl ol
° 719je] 2FH3loh MAS A T

A 4 el ANetE, DAL

9] A Q(cost-capaaty ratio optlmlzatlon) P

o|Zo

Slste] 15
1%

ulfy

Sk Al
/SH

W(market development)’, “F-8-7F& (financial disci-

pline) S Z33Ic} Y o] A 50| FEH YA EQ A
34 °ﬂ’\1 L AE7|d5e] s
$-8H}FAL Yeung and Coet= 431}, o]
oA, ZE9 o283} T2 §12 “Al 7HA] HA
o] Pl TAH WO olojA 22
HUESE FHIE PAT ol S ABal
o]tH(Yeung and Coe, 2015, 32, 7Z237}). &
Yeung and Cocl= 7] 72, W13} 1k, W=)
Sela 21812 pAROR Ashs o] o 2A B
GPN 2.00]ek3t Wstel, otom 7A4 2
HIES A &4 0] H7IE 7IHgt. v
GPN 2,02 47)|5}aL, o] 0|23} =gl 9] 9]
bule A s

ZZ2Ao] AL 5

00 oflt
> o
ftlo
L

)

>~£ 032

A

oz mlO
°

-

A

=2

i
=

loow nE or WK nE oot 2

=2
&
ok

4. 228 A EYF 2,00 o] 2%}

GPN 2.0 o] &2 F 7l19] 7'’ o= et
A WA NdatS 228 A EYAY] 44 24
I A Zolar, oha] qtefo] ARl Blg/ A7, Al
AN, wetes :TE?ELJE} o] Q52 BT Al
Azt BANA 7199 7 2% 9458 gobe
Z10]1L, Yeung and Coe(ZOl )% H|-&/SAekn] ) AN
T S F8ee] el w71 254

A E QIR 14 H=ks UP%@E}E =93t} 1
2J3l GPN 2,004 228 BAEL A Ak 3
of| A $1718H7 o] Wgte FA|E ) 94140} 719o
g 291t =471e] HAE HEdte] Leshd o
7t A =g E diEoh AN o =2 *Z«l 234
Aol AHaA 7] wjolct, el o]H3t $17|3k
730l Al B8/ A7, AN, 88 5ol ut
2 24 e 2 A EY A7 Y 7H] {2
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0lx4&

2% uysgs =3 By

e =33t

SHE 2

& HIAH A&

L S

O3 2. GPN 2.0 O|29| 1=

EA: Yeung and Coe(2015)& Yo 2 235

2 GPN 200014 fF3Hech(1d 2 =), ©] o] &9l
ek & dof s Hrie At FolET o=

trof At

)71

o

2 AY 240t 97|z

H|-&/GeFrE 22 YA EL A /oA of
o] 21t @9l o & mhogith= HollA = A4k
AAZ 2,02 ‘A 7|919] 34 (resource-based view)’
(Barney, 1991; 2001)°1 4 7]1& olafistar J3-& <&
o= ek, o] 2 At Aol 7|y 7hel AFolst
Al 233k, o] Atol= LW FF A &EH 7Y
Hiﬂﬂ} Ch2 221" (Barney, 2001, 649)0]2=
d2f o] Zo|t}, Akl 7]¢o] (WhPFH o= B
1, T8 AR oulstal, o]= &4 A
), A A, 24H

=, 74]@, A 9 =8 AA, 22 W/
5 2 9

on Y

5 Akl elere A AslEo

2 ofmjgit, A1t ool 719

A Frhe el A7 2

% o] 23} thH Mol itk AF oL FE-YF-
A,

A ke 0 2 delx) ) SRt

(structure)7} e =3} 2= 7] ] 35 (conduct)
= . °17°] 719 €] K performance)oll
e b= JAoltt uto]E ¥ (Porter, 2008)2]
HAY-9-9](competitive advantage) 2} AHY S A o]
2ol AR A F2-PF5-Au G229 o= dZHo]
{E}(Barney 1991).

A 7IHE T2 Al o] AR 71§ o] 2o
= H|EAQl AR F$}, Coase(1937)2] ‘78] H]
-8 T2 (transaction cost view) ©] T3EZ] Al 712F0]
719] ol 29I, 1= AL oA Adkst Auct
WRSSRE Aol He u18-3 Zesha 7190 24
i} o] 5pc}, Le)7 91 A u)go] A
o MEHT RS U, S DulE R4S REE
o 4B S ) 7120 ARSI Sl AR o7
Coase(1937)9] A2 H|-gof o3t =95 YA~
Williamson(1975)-2 FA+2] ‘ZAFE=A (asset speci-
ficity)” 71'dS AR, o] 72 71 2F HAE 1A
A 7]= EASE BE o] Ao} BEX1E Qu|slar, 7Y
7E Aol Al AHFEAd-2 Algbo] Aol whet
5| S7keteh, A AE WRSSsH= o]t 7]
JolAl= olelo] Har, AupH o 7L LS
A3t A E ARH]EE Eol7] fl8f 4
Z2 0 g Ag}sttl= A o] Williamson 7€ 9]
oA ool 54 2l Skl o)
v 7} 7S et v o) ek, 12
o) $BAEL AES A 0] HhE

2ZH0Z E

o2 oo
NORRTC A
X B
OuZJ
)
_n

—~
o
N
rE

(e
EIN
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u} LS A MHOPHE}E

N
714
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Yeung and Coe(2015)= 7|2 H]-& ¥
1 Hgo] AAS} BAIE olsfistal 4
o 9-8slthn 7Fxsit) v]89] ] Ashat
/‘ﬂzﬂﬂ’o}*— Qolo & 9|5l AdFe] ol&5A Al

TEETEREETR
2 YA EQIF0) Sl 5
obllo] el g0l AXSHE AXH, v gL Fz A
A A 9] &S FE5l= Qolo|xut olabA] %

< ofy7] wiZeltt,

of vlg-8 = A os%u 37| T2 lojof gk,
wheb 7191E ol & FH5 e Ale] HH) Hx S
Harow 4o He-e Sol A 4 e

2] G2 & 71E o]0k gt(Yeung and Coe, 2015,

b 7

ahH, u]-§/ ko] HHBRE 7199 FEAUL A
A A % A Aol B9 5 Al k. )
31 228 7190 uhel A sk whAjo] chopat),
H.§ A7 AR A A Afolo] ) HEg fu
QI F Y RES AMSIA meld 47} ok
AR Qe 719e vk S2o] ul g/ S el
B, o] e AUl G} - £ F) AFS 43
S192 o Lehdeh v, 3 gt whe o] of
R R SR Rk VB R ELE
FAYAE F291710) g 4 glek. vg 9
© W Afej o) 31 Alzke] uleh watsts] ujio], ¥
G2 gloto] 719 REI) Al HHBA 7|
wesfof gt

H.8/jeprle} I, GPN 2,004 AA7E 2

2 M= H20| Zist

2 AA| A o] /gt Kste] = HA 17ka ]l
B2 A= ATk, 7] A AR o] ol Ao
FEA] gk, AbE] A o8 A= Ao R oA

)31 7193} ‘1 (customer) BETF A St
7H”a‘—°4 A4 WARE 7T, &, AYARte 1A
ozl /\lﬂoﬂ HRgohs 5 ARl =R QL
019- 7Fs gk A ‘:} &

&fo

Ssi7] Sistel chet=igich, b4l AT A,
GCC-GVCAA o2t 212 AkgIe] AL chsft
o) A 91e] ool ofs) wHEolA| Aoz war
AL, AR I A O AP 71 o) AT § 4l
doll F--Flrhar of AxIe}

HHH, GPN 2,004 A7 AAkRLeL o] &
A AEIAE o] G AHgA P B e
sto] 7N StEl =, ‘Al3E (market creation)’, ‘Al
A Q] (market reach)’, ‘A& 8l (market domina-
tion)” 5o| A4tAt FEo SR YA ER T 2
A1 HIHE sk 2 5H9] 7id e ® 2%
= ’1‘1571“94 7“01]/\1 A& AEskal 49 =
Dl» I:H_CIL] =

J

Lo

RAAAS Az o A2
& AR 4 9 Aolth 84S Fa) e A%
S HET Aol 71de ARA NS 7ok 7
afo] 9laL, o] gt 22 M ESA A
o 571 B L A A2 ol8e
= al

olefal Ao =M “AxH]ZH(consumer) Th= §-017F
HAksh= 4254 ofu] 2] 9] o] §A4E Hlojual, o=
71 FsollAl T8k e o tidelS xste
L or g AR 18L 271 A (intermediate
market) | 41 9] 7|4 A3} 2 F A& (end market) o]l
Al AT AR A 2H] Sk QL ARALE SR
i, o]#gt S Fto] AL AHE 428t
AN

= ket 7 ¢flo] ZA3HE Yeung and Coe
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R
A

34wy

St 7d o] aL(Davis, 2009; Gibbon 2002; Krippner,
2011; Milberg and Winkler, 2013), 4] A A7

oA B A () 2A s 2 e
Lo 4] FR% 0 AgAT 53], A
7195L eoint wee A4 Hek el glof 7
Aol ke o] it 415 A4S BIgke]
4 7S A5A717) S15tel 387182 283l 7t
& APk Az S Aolut BRsk FI7be] A
Aol P Shek, 13 6] §2] A
A 7152 sh9) YAelA S A 5 gl
3 o)A AASHE A9 E F7kska g, ol 4]
o FEFES A=/ B AA ol B
& Fr) 22 WA Y2 sHe Uele] Hrt
3 GPN 2,0014 Z2HIth g3l that el 2
2 YA 913 o] 9] Friat wistz wekEct
Skshel, gAML} F-712e] ol it o)

=
7FGPN 1,00014l+= A 9] o] R X %] ¢k 317] wio
THCoe, 2011),
oV LT 719 Aol FFS FE A 1A 2
A4 2215} 7, Yeung and Coe(2015)= $17] A
oA Y= = A Al thgt EAo 4] Z
SHol 4w slokgic AT Heed BT
=T} o So] o] 917] 2ol =& E o] 3l
7] tizolet, 9171 2 oAl 7] BlFR =
Y, A A9 okstet B AAH 9T, BR
Sh= ASke} An| 28] Foju Faka) W E A 9
71, AW, A=, A s S 9171, A
AL PR wF 9], AR oI} BA

w2 7S gt oleEt f71ES AN &
AAe] SA IS ol sk Aoz HA|
o Y& F71 ol °l 55 S S=EAAA
A TE Aee bl
A 5ol FFe A dYHer AT Zavt
ALt
o|4kTt -2 GPN 2.09] 7% A3 F 29 A
A ERIA A gl w3t =219 2= A 7}
o= g7k 4= qltk AR, GPN
], 8, i:“* = ZEH Al 7HA] 34 7R
29 A EL =] tieh g wAl= AlAl
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2.09] 5 WA A AbgRo.g wjop
A= 71900l AR 2ol 234
719k o] o] that Aol K3
92 Aok Eatol 3%, B4, 42
3 A B 2AR 7hxof Yt

t}, GPN 1.09]
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3™ 7HA 8] 7 25 A o = ofojx|= 24
A 5719k 224 Aol tigt A2 A= o] Fo
A A FFch, ¥k, GPN 2,02 8.8 Azt 9= 7

3] ] }\]ZOI—_Q_ ;‘%]-

o} FAlol F5He 71910] wAH S,

Z3)3 Shjstels 71919) A4 B, 19T AkIR
o} 3§0) Welo] AX7H= @ Alt) AA ol et
EEES S EEER N EDEREERE e
Aee Ao waltt,

uprjato 2 ol#g AyY et w¥ow F2
H A EQ S G222 GCC-GVC AE A oA
3] EA] ok wA9 s Aol AvtelE Alsh| =
gt} GPN 1,02 Al AIAIA 2L 7|9k &2 §F GCC-
GVC £49] s13F4] AA T2 =2, 4] $4] AAH
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s {33} vgde SR A= 719 1t pliers) 2 T2t} At A= 231 =
of A H 52 A= A A s SAANL, ol I AH[AE FE0eE G shal, Ao A v
of theh HH 2 A= A AISHA] 23t GPN 2.0 S8 avE B v Tt S e Az
oMM shdA] AAT=E =22 iR 7S vl NN HEY ZE 5 F28Hd AubiE 353 Al, A
S ot AAAE FHR T A= it = A4, A A5 ik AEl s FF A 5ol o
Aoz Fojuzkal, 7v]E AT} AR = 71o] SRl & 4= vk, @ A S5 35 A
O & Sl arefsto] 7] YIEL] o] et vlg & © 57 EopllA e BAE st lede
YEH e SHIA. oA FEollA B3| Aol A=, LR7P7EA ] AR ARl AE
Sk AAH, theftt FeiAtet deia] AdRe st of2] A7 GoA Al&she 719E gt ol

= ]
ol 719 MIEYAE @ 2tshdA GPN 2.0 o] &2 A= GVCOlA “BE AR (Sturgeon, 2008) %

GCC-GVColA = 4, 719 T4 ABd 2 o] ERE7| = skt Yol7], keiHo]i 5 27
sfo] FAIE s Astal Q= A o2 AheT) HHE 7]l FEFshe Seuete] U7 of
Zofl &% ofo|ES HEshes v IAFS o
2) 22 MAYEQT xX| Mt 25 5 St} o]5 Hldt ATt 7] 5S 9t
ARk, Fof Aol A BHgshe 7|9 Ak 53t
GPN 2.00014 Y] 7H4] 139 224 BAES S UAZ ERE Rt ool & VleS
3 24 Ake avlsk=d], ofof thieh =2 & X35t Fohs SALE, Aol SR A] AL FAH A
710l oA o] o] Zof A AASHE 2= AL ES £ Al&sh= DHL] of7]of] &3hehal & 4= qlet, vf
A Y S NEE a7t 9ot Yeungand Auto g uME FIHYU 2 FdES Ttk =
Coe(2015)= 2= LM EQA 495 715 A (714 ol AFF (Rl A) o &2 HoJH T, o]
g FHe s A Ae7|U(lead firm), A2F4] F = 22 A E A 2H[ZES 3 o
Al(strategic partners), 534 A (suppliers), 12 (cus- & A& FHZH 7] E AAR oA o] HA|
tomers) 5 Ul 7o) A 7d o2 AARICE, A4, 7] &S sHANE AH|sh= Aol alfelEl A4
Ae719ge 228 YL EHAE 246k A5t 7S ol W) & gk, Al §h A ARt AA |
= 74 AT sk, AR A A= & DAL EAQ EE QA=A A=tt. GPN 2.0
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Exploring the Formation Process and Key Drivers of a Creative Milieu in the
Early Arts and Cultural Ecosystem: The case of Seongsu-dong, Seoul, Korea
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Abstract : Recently, Economic spaces around the world have changed dynamically. Creative arts and cultural
actors have begun to emerge in old industrial neighborhoods of major metropolitan cities. These new actors
can be seen as creative actors in arts and culture, as well as non-economic actors that have been somewhat
overlooked in the traditional approaches of economic geography. They contribute to overcoming regional
economic crisis, as these actors bring a particular deviant and creative atmosphere in the neighborhood. Es-
pecially, informal gatherings of artistic communities play a pivotal role in knowledge platforms for dynamics
of knowledge creation and creativity, which has a significant effect on shaping a creative milieu in the initial
stage of formation of a regional ecosystem. In this regard, this paper will investigate the fundamental mecha-
nisms and driving forces of urban spatial restructuring through a case study of the creative arts and cultural
ecosystem in Seongsu-dong, Seoul, Korea. Thus, the main purpose of this study is to identify the formation
process and key drivers behind the development of the early arts and cultural ecosystem in Seongsu-dong

from an evolutionary perspective.
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communities, temporary gatherings
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Progress and Prospect of Research on North Korea
in Korean Human Geography
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Abstract : This study is to review research issues on North Korea and unified territory in terms of topics and
approach method in Korean human geography. The conclusion of this paper is as follows. Before 1980’s,
topics on political geography, such as geopolitics or unified land, were the main stream in research. In
1990’s with the end of the cold war and the access to material which was published in North Korea, scope of
research was widened especially in geography education. After 2000’s with the expansion of cooperation be-
tween South and North Korea, the scope of topics were more expanded in all field of human geography, for
example, critical geopolitic in political geography, Gaeseong Industrial Complex, Najin-Seonbong region in
economic geography, place names, Geumgangsan, North Korean defectors in social and cultural geography.
The approach method of toward North Korea is fall into two categories. One is regional geography and the
other is the unified land. In the latter approach, topics on the regional structure after reunification or on the
life adaptation of defectors in South Korea etc. were studied. After unification of land, new Korean Studiea
will be established and human geographers should make ready for this. Before unification, research on the

land in north Korea should be proceeded in terms of historical geography.

Key Words : North Korean studies, geopolitics, DMZ, border region, Gaeseong Industrial Complex, Geum-

gangsan, geography education, place names
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