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Foreword

Whatever hazards the future may hold, peace and security in Northeast Asia
today depend heavily on developments on the Korean Peninsula. Korea and
Taiwan—both legacies of World War II and its aftermath—are the two immedi-
ate challenges confronting the Pacific region.

In the absence of any institutional peacemaking or peacekeeping structure in
this region, and with effective balance-of-power politics rendered difficult if not
impossible due to the fragility of all major power relationships, approaches to
problems like divided Korea have relied on the construction of ad hoc coalitions
or, more precisely, the development of a series of concentric arcs.

In the case of Korea, the first arc has been that of North Korea (the Demo-
cratic People’s Republic of Korea, or DPRK) and South Korea (the Republic of
Korea, or ROK). Without a constructive relationship between them—or some
extreme happening such as collapse or war—no genuine solution can be
achieved. Above this arc, however, has been a second, composed of the four
major powers having a strong interest in Korea—the United States, China, Japan,
and Russia. With the first arc largely negative, the actions and inactions of the
second arc in recent years have been of critical importance to developments, and
generally, the United States has taken the leadership role. A third arc exists in the
form of international organizations—both economic and political-strategic. If
greater advances were made in the lower arcs, they could assume a more vigor-
ous role.

The recent interaction of these three arcs constitutes a fascinating picture.
Historically, Korea—whether united or divided—has had three options with re-
spect to external relations: isolation, balancing foreign forces, and alliance with
one or more outsiders. Since its emergence, North Korea has at one time or
another pursued all three approaches, either singly or in combination. It com-
menced existence as an ally, more accurately, a client—of the Soviet Union.
Later, as the Sino-Soviet cleavage unfolded, it sought to play one power off
against the other, with a decided tilt toward China at most points; as problems
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emerged with both big Communist states, the quotient of isolation—never absent—
rose, reaching new heights in the 1990s, when the DPRK could count on no
trustworthy allies.

The course pursued by South Korea since 1945 has been more consistent.
After the disaster of 1950, when the United States misled the Communists as to
its commitment to ROK security, the South Korean security alliance with the
United States has been firm, although there has been no absence of tension over
various issues, especially in recent times when ROK nationalism has risen in
company with that of other Asian societies.

Difficulties in North—South relations are not surprising. Although these two
societies have a common historical heritage and share certain cultural traits, the
developmental gap is huge and still growing. South Korea is the truly revolution-
ary society, with economic growth having had an enormous impact on politics
and culture, including significant generational differences. The North remains a
very traditional society in many respects, with only a few modern embellish-
ments such as mass mobilization. Here, worship of the leader, an absence of
mobility, and bare subsistence-level livelihood characterize the scene even as the
twentieth century comes to a close.

Naturally, the DPRK leadership is reluctant to bring the South too exten-
sively, too intimately into its domain. With per capita income probably one-
eighth to one-tenth that of the ROK, and an enormous difference in the amenities
of life available, a sudden intrusion of southern life and culture into the North
would be dangerous. Thus, united front policies have prevailed over efforts to
cement official relations, with an emphasis on recruiting those alienated or sym-
pathetic to appeals for brotherhood.

Periodically, to be sure, the two governments have seemed ready to move
forward together, from the dramatic Joint Communiqué of July 4, 1972, to the
extensive agreements of December 1991. But to date, hopes for a sustained
dialogue and concrete accomplishments have been thwarted.

Thus, activities have been concentrated in the second arc and its interaction
with each of the parties in the first arc. In these respects, moreover, the focus has
been heavily on the nuclear issue. In this regard, the United States has played the
dominant role, although it has frequently been influenced by others and has, in
some instances, depended heavily on their support.

When the United States was exploring sanctions in an effort to stop the DPRK
nuclear program, it became clear that China would oppose any such action in the
United Nations, and there was very limited enthusiasm for the idea elsewhere.
The tortuous negotiations between the International Atomic Energy Agency
(IAEA) and the DPRK, together with the U.S.-DPRK discussions that eventually
led to the October 1994 Geneva Agreed Framework, constituted an alternative
route that elicited much greater international support and, at certain points, assis-
tance from other major states, including China.

It is often said that by playing its nuclear card skillfully and bargaining in a
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tough manner, North Korea not only brought the United States to the bargaining
table but exacted major concessions from Washington—and through Washing-
ton, from others. Some argue that too much was conceded or that, through
nuclear blackmail, a renegade was rewarded, setting a bad precedent.

Those who support the Agreed Framework generally agree that it is not per-
fect and that the possibility of failure cannot be excluded. They assert, however,
that it provides for a strict monitoring of the DPRK nuclear program over an
extensive time period, thereby greatly reducing the risk of a weapons program by
a notably unreliable state. They further point out that the DPRK has agreed to
measures beyond those required by the Nuclear Non-Proliferation Treaty.

They also argue that it is a program that has brought maximum approval from
nations differing on many other issues as well as cooperation through the Korean
Peninsula Energy Development Organization (KEDO), with South Korea in a
key role. No alternative, they insist, was available except at much higher cost
and risk.

There can be no doubt that the DPRK objectives are to move first toward
official relations with the United States, then Japan. Pyongyang has not been
oblivious to the success of Seoul’s nordpolitik and the degree to which its bar-
gaining strength—as well as its economy—would be enhanced by official rela-
tions or even near-official relations with these two countries. It has also been
aware of the possibility of a serious cleavage between South Korea and the
United States, given the complexities of the present course, including matters of
timing, extent of assistance to a North in dire straits, and leadership or initiative.
The U.S.-ROK relationship has unquestionably been rendered more delicate in
recent times.

At this juncture, one must contemplate a number of possible future scenarios
with respect to North Korea, including variations within each major possibility.
One scenario that cannot be ruled out is that of collapse or, as a variant, a rising,
protracted factional struggle within the DPRK elite. Given the number of serious
issues to be faced, the uncertain quality of leadership, and the great hardships
now being endured, these possibilities must be considered.

Another scenario is that of North Korea’s “hunkering down”—namely, mak-
ing minimal economic change due to a fear of its political repercussions and
maintaining a hard authoritarianism under military primacy. Some other nations
have endured poor conditions for decades under such a formula, although few if
any have occupied the geopolitical position of North Korea, surrounded as it is
by rapidly developing states (the Russian Far East excepted for the present),
including a state of its own cultural heritage.

A third scenario is that of a “soft landing”™—namely, the peaceful evolution of
the DPRK through a gradually expanding economic reform program and increas-
ing interaction with the region and the world. It is this scenario to which current
external policies are directed.

The first scenario in its extreme form would impose enormous economic and
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political costs on the ROK and, quite possibly, on others, especially neighbors.
The variant would threaten to regionalize a domestic conflict, with one or more
factions turning outward for support. The second scenario would intensify ten-
sion on the peninsula and might well lead to various forms of military action.
Thus, it is understandable why the third scenario is considered most desirable by
the great majority of external actors, despite the fact that no one can guarantee its
success.

One of the great advantages of the essays that follow is that they approach the
subject from the widest possible range of aspects and perspectives. The scientific
analyses presented relating to nuclear programs will bring data previously un-
known to most others. The essays dealing with confidence-building measures
present a variety of viewpoints on both specific and general issues relating to
security in this era. The section on the role of the major powers illustrates the
critical importance of the second arc of which 1 spoke earlier, and the final
section deals with some of the challenges that are to be faced in the decades
ahead. Thus, this volume illuminates its central subject with a breadth and depth
warranting careful examination.

Robert A Scalapino
Berkeley, California



Preface

The controversy over North Korea’s “suspected” nuclear weapons program epito-
mizes the security dilemma of the Korean Peninsula in the post-Cold War era.
World attention was focused on Korean security issues once again when
Pyongyang announced its withdrawal from the Nuclear Non-Proliferation Treaty
(NPT) on March 12, 1993, and then “suspended” the withdrawal on June 11, one
day before it was to take effect. Because the realization of North Korea’s nuclear
ambition would bring new uncertainty and instability to the Northeast Asian
region, there was an intensive policy debate and discussion among media and
governments in search of a rational solution and workable settlement for the issue.

As a nuclear weapons state, North Korea would pose a threat to the security
and interests of the regional and global powers in Northeast Asia, including
South Korea, Japan, China, Russia, and the United States. Seoul and Tokyo
could be moved to acquire their own nuclear capabilities, thereby unleashing a
nuclear arms race in the region. As nuclear weapons states, Beijing, Moscow,
and Washington are apprehensive lest these non-nuclear states in the region
emerge as new nuclear club members and challenge their hard-earned status as
nuclear powers. Given these realities, a nuclear war scenario involving North
and South Korea in the post—Cold War era cannot be ruled out unless the powder
keg on the Korean Peninsula can be defused.

The authors of this book address the critical question: how best to maintain
and promote peace and security in Northeast Asia. The underlying assumption is
that North Korea’s nuclear controversy is part and parcel of the larger issue of
the Korean Peninsula and regional security and that the failure to resolve the
nuclear controversy might unleash horizontal nuclear proliferation. The authors
present arguments and evidence as to what transpired in active policy debates
and discussions during the years 1992-1995. The world was kept in suspense
during this period until North Korea’s nuclear potential was finally capped—at
least temporarily-—by the terms of the October 21, 1994, Geneva Agreed Frame-
work between the United States and the Democratic People’s Republic of Korea.

xiii
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The book collects essays and reports written by leading experts and specialists
on the nuclear issue and the Korean Peninsula. Most were commissioned by the
Nautilus Institute for Security and Sustainable Environment, a policy-related
think tank based on the U.S. West Coast. The editors have supplemented this
collection with timely and influential essays published in periodicals during the
height of the nuclear controversy.

North Korea has been an enigmatic country that is not well known to the outside
because of its long-standing policy of seclusion and isolation from the rest of the
world. In this post-Cold War era of fallen communism, North Korea continues to
adhere to the ideology of juche (self-reliance) and socialism; in so doing, it remains
the last Leninist state and a hard-line Stalinist regime. North Korea today is com-
manded by Kim Jong I, son of the founding leader, Kim Il Sung, who died in July
1994 after forty-nine years of dictatorial rule. Kim Il Sung’s death was inauspicious
because North Korea was in the midst of conducting delicate diplomatic negotia-
tions with the United States on the critical aspects of the nuclear confrontation
and preparing for a possible “breakthrough” summit with South Korea’s presi-
dent Kim Young Sam. The latter meeting was a casualty of Kim’s death. The
former process continues, albeit slowly and perilously. The resultant Agreed
Framework has broad implications for North Korea and other post-Cold War
regional conflicts elsewhere.

Unfortunately, the post-Kim II Sung North Korea has not been managed
successfully. The country performed worse economically than at any time in its
history. Its sinking economy is clearly in dire need of resuscitation and restora-
tion of its key infrastructures. Unlike the days of North Korea’s nuclear threat in
1992—-1995—the focus of the present book—there is a new threat on the Korean
Peninsula centered on North Korea because of the real possibility of the regime’s
total collapse. North Korea in 1996, as the New York Times (February 18, 1996)
commented, is an economic basket case of failed and fallen socialism, similar to
the now-defunct communist states in Eastern Europe and the former Soviet
Union. The United States and its allies South Korea and Japan now seem to have
a different kind of worry—that North Korea is in so much trouble economically
that it could eventually fall apart. Rather than eliminate a threat, the sudden
collapse of North Korea could touch off internal chaos, a flood of refugees,
and—if things got truly desperate—war with the South.

Nonetheless, tensions on the Korean Peninsula and military readiness have
not abated. North Korea continues to forward-deploy its troops along the demili-
tarized zone (DMZ) that separates the forces and peninsula into two hostile
camps. The security threat that North Korea poses—in terms of either nuclear or
conventional weapons—is still real and very much part of the concerns shown by
policy makers and in diplomatic circles. For instance, in February 22, 1996,
remarks to the U.S. Senate Select Committee on Intelligence, Director of Central
Intelligence John Deutch stated that North Korea must be prevented “from ob-
taining the guidance and control technology that could make its long-range mis-



PREFACE xv

siles accurate, as well as deadly.” He also added that as long as North Korea
“remains isolated, xenophobic, militaristic, and resistant to reform and its hostil-
ity toward the South is unabated,” the downward spiral of the economy “will be
difficult to reverse.”

The editors have undertaken this project in the belief that we need to generate
more information about North Korea and disseminate that knowledge widely to
the outside world. North Korea’s technology, infrastructure, and institutions, as
well as the problems and difficulties that the country is facing in its attempt to
bring about alternatives to a nuclear weapons program, are recounted in the
present volume. To date, much analysis of North Korea has been produced
without firsthand experience of the country and without reference to North Ko-
rean sources. Much of the research provided in this book breaks new ground in
this respect and reflects North Korea’s hesitant but nonetheless discernible
moves to open up to the external world.

The editors also believe that constructive and viable alternatives are available
to the Korean peninsula nuclear issue in the form of an environmentally sound,
ecologically sustainable energy development in Northeast Asia. Workings of the
Korean Peninsula Energy Development Organization (KEDO) in this regard will
and must receive special attention. Founded in March 1995 as a mechanism for
implementing the October 21, 1994, “Agreed Framework” between the United
States and the Democratic People’s Republic of Korea, the KEDO began work in
July and signed the Supply Agreement with the DPRK in December. The KEDO
has worked so far to finance the shipment and delivery of heavy oils to North
Korea on a regular basis. It has also completed the site survey for the construc-
tion of two light-water reactors and is ready to break ground on the project site
by dispatching hundreds of technicians to the north. As a new and innovative
experiment in international cooperation, the KEDO offers what its executive
director, Ambassador Stephen W. Bosworth, calls “a realistic third way where
countries can band together in an ad hoc fashion to tackle a specific, common
task™ between the two familiar established channels of either working through
the intergovernmental organizations like the United Nations or the multinational
corporations and enterprises of private companies. In this respect, the KEDO
presents itself as a viable alternative and workable model that could be replicated
elsewhere in a different set of circumstances to solve international problems and
to further the cause of international institution and peace-building.

Finally, the editors would like to express appreciation to each of the contribut-
ing authors of this volume, who gave their invaluable support and cooperation to
make this book possible. They wish to thank officials of the foundations that
funded the research reported in this volume, including Tom Graham, Karen
Harris, Ruth Hennig, Sally Lilienthal, Tara Magna, George Petovich, Beckie
Rittgers, and Nancy Stockman; and key intellectual advisers to the overall proj-
ect, including Dr. Tony Namkung and Scott Snyder, and a number of U.S., South
Korean, and North Korean officials who prefer to remain anonymous. We also
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thank the coordinator of the NAPSNet project, Dana Fisher, for her consistent
effort to provide readers with instantaneous, global access via the Internet to the
draft versions of the papers collected in this book. Several faculty members and
graduate students at Iowa State University assisted in the completion of this
project by offering their wise counsel and logistic support: India Grey, Patrick
James, Yong S. Lee, Donald Leopard, James McCormick, Aekyung Moon,
Hyunglae Park, and Steffen Schmidt. Finally, they wish to thank the editorial
staff at M.E. Sharpe, who displayed their professionalism in the completion of
the book: Dorothy Lin, Douglas Merwin, Angela Piliouras, and Susan Cohan.

Dr. Bob Scalapino deserves our special thanks for encouraging us to continue
the project and for providing the valuable foreword to the book.

The Editors
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1

Introduction: A Road Map
for Korean Security and
Peace Building

Young Whan Kihl and Peter Hayes

This book addresses the important policy questions of how to bring about peace
and security in Northeast Asia. In a geopolitical sense, the Korean Peninsula
occupies a pivotal location—the strategic place where the major powers’ inter-
ests converge. The initiative for Korean security and peace building must start
with an effort to reduce chronic tensions in Korea. There is a pressing need today
to turn the heavily armed and fortified Korean Peninsula into a nuclear-free
peace zone.

The chalilenge in post-Cold War Northeast Asia is, indeed, to resolve the
dilemma—and the irony—that, in an unresolved Cold War legacy, Korea re-
mains divided. Inter-Korean relations are as frozen as ever. Today, the Korean
Peninsula is still one of the world’s dangerous tension spots long after the con-
clusion of the Korean War (1950-53). The 1.1 million-strong heavily armed
North Korean army confronts an equally strong well-equipped South Korean
army of 650,000 soldiers, together with 38,000 U.S. combat troops.

The security of Korea—a primary topic of this book—was the focus of world-
wide attention and headline news in 1993-95 when a crisis was precipitated by
North Korea’s “suspected” nuclear weapons program. North Korea resisted in-
ternational pressures by defying the International Atomic Energy Agency
(IAEA) safeguard measures and inspection of the nuclear reactor facilities in
Yongbyon, 60 miles north of Pyongyang. In May 1994, North Korea went ahead
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with the removal of 8,000 fuel rods from its 5 megawatt electrical experimental
nuclear reactor. This move led the U.S. Clinton administration to issue a warning
that North Korea’s extracted fuel rods could be processed into purified pluto-
nium for manufacturing five to six nuclear bombs.

This standoff, dubbed by some as the first post-Cold War nuclear crisis, was
triggered by the United Nations Security Council’s move to impose economic
sanctions on North Korea. Although the crisis was defused on time by diplomatic
means, the nuclear time bomb in Korea continues to tick and remains under close
international surveillance. The Agreed Framework, signed on October 21, 1994,
in Geneva, by the United States and the Democratic People’s Republic of Korea
(DPRK), is discussed in several chapters in parts one and three. It stipulates that
North Korea will “freeze” and “terminate,” in due course, its nuclear program in
exchange for U.S. guarantee to provide North Korea with two light-water reac-
tors (LWRs) by the year 2003.

Peace, Security, and Conflict Issues: A Comprehensive View

This book examines North Korea’s nuclear controversy from the perspective of a
variety of policies and alternatives. These include a discussion of nuclear reactor
technology and technology transfer (Part One), economic sanctions and incen-
tives as well as the environmental (external) challenges posed by the nuclear
issues and the nuclear-free zone for Korea (Part Two), strategic calculus and
confidence-building measures (Part Three), and international perspectives of the
major powers and South Korea (Part Four).

To highlight the centrality of the DPRK’s nuclear threat, this book utilizes a
broad and all-inclusive analytical perspective that reflects an interdisciplinary
orientation. The purpose here is to cast the conceptual net widely so as to capture
the sense of urgency regarding the threat of horizontal nuclear proliferation that
North Korea’s nuclear capability poses to the Northeast Asia region in the post-
Cold War era. The following key assumptions underlie the present study of
peace and security:

First, peace and security are inseparable. Not only are they intertwined as
human activities, but they are also interrelated in the global and regional con-
texts. What happens in the Northeast Asian corner of the globe, for instance, is
not confined to the region but has ramifications for the larger community of East
Asia and the Asia-Pacific region. Opposing nuclear arms proliferation in the
Korean context will spill over beyond the region to other regions and parts of the
world. Hence, strengthening horizontal nuclear nonproliferation in Asia pro-
motes both the regional and global security agendas.

Second, peace is indivisible as a set of ideas but the strategy for peace-build-
ing must start from the concrete issues and problem areas that are readily
identifiable. Hence, a “peace by pieces” strategy reflects a more sensible and
realistic approach to the problem solving of the peace and security agenda in the
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region. Peace in the post-Cold War era involves more than the hardware and tech-
nology of military security and deterrence, which reflects a conventional and restric-
tive perspective. Peace is also a matter of promoting cooperation among the people
and nations of the world, which reflects a more positive and inclusive perspective.

Third, peace and security in the nuclear age reflect both high and low politi-
cal dimensions of national security. The difference between these dimensions
may be exploited to promote ecologically sustainable development. We must
address not only the hardware aspect of nuclear weapons deployment by the
region’s nuclear weapons states—including the United States, China, and Rus-
sia—but also the software strategy of how to dissuade the nuclear ambitions of
non-weapon states and also to promote the reduction of nuclear weapons stock-
piles and their eventual elimination. These challenges of how to promote confi-
dence-building measures involving both nuclear and conventional weapons in
the region (high-politics issues), in turn, may be combined with a sense of
concrete and practical measures to promote regions economic and ecological
developments (low-politics issues).

This is why peace and security in Northeast Asia will not come about unless
and until the welfare issues of the environment and economic development are
settled while the questions of horizontal nuclear nonproliferation and confi-
dence-building measures are worked out as well.

Armed with these analytic tools and approaches to peace, this book provides a
road map for Korean security and peace building. Readers will be exposed to a
variety of obstacles and rugged terrain, in several steps and stages, before reach-
ing the final destination of establishing a nuclear-free peace zone for the Korean
Peninsula.

Two Track Approaches to Development and Security
Track One: Sustainable Energy Development and Security

Nuclear power—often promoted in Japan, the ROK, and the United States—as a
cleaner alternative to coal—poses its own environmental and security-related
problems. Since demand for energy in Northeast Asia will grow exponentially in
the coming decades, the need to develop feasible, least-cost policy and technol-
ogy alternatives is urgent.

Electricity generation in APEC Asian states is projected to increase from its
1991 level of 235 GWe to 1,000 GWe in 2010—an annual 8 percent increase.
This projected increase will require some $297 billion over the 19912000 pe-
riod; and an additional $557 billion from 2000 to 2010. About 62 percent of this
demand is projected to be in China. It is highly improbable that China can
sustain this rate of rapid investment in electric power plants which amounts to an
average of $26 billion/year. Moreover, the investment required to control
China’s sulfur emissions with the best available technology would amount to $34
billion per year (see Table 1.1 below)
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Table 1.1

Estimated Annual Costs to Achieve Best Available SO2 Emission
Technology Controls ($/y)

China: $34.2 billion
Japan: $6.1 billion
DPRK: $3.1 billion
ROK: $3.8 billion
Taiwan: $3.0 billion

Note: Resolution Level, Projected 2020 Emissions Using Best Available Technology:
(BAT): = 50%.

Source: M. Amann, J. Cofalia, “Scenarios of Future Acidification in Asia: Exploratory
Calculations,” RAINS-ASIA report, May 1995.

The critical missing link in many discussions of the energy-environment
dilemma in Northeast Asia is how much it would cost to achieve sulfur emission
and greenhouse gas reductions in China using best available energy efficiency
technology rather than primarily emission control technology. If acid rain in
China can be reduced by energy efficiency, cleaner coal and control technolo-
gies, and a combination of fuel switching (natural gas supplemented by renew-
ables), then a substantial fraction of the annual costs referred to above could be
avoided. The potential gains may persuade China to accept substantial “green”
and efficiency investment by Japan and other donor states. On the other hand, the
threat of China’s acid rain may induce Japan and South Korea to lead in innova-
tive financing of the energy sector in China (and North Korea) in ways that
provide more energy at lesser cost.

Given these voracious capital demands, is nuclear power compatible with the
trend toward privatization of energy utilities? Are there proliferation-related is-
sues, and if so, can these be managed? How serious is the risk of energy supply
cutoff given diverse supply markets? What is the best technological and eco-
nomic response to the risks of cutoff? Table 1.1 is an estimation of annual costs
of emission control for five countries in the region projected into the year 2020.

A serious discussion about alternatives to both dirty coal and nuclear
power in Northeast Asia has barely begun. Early studies suggest that invest-
ment in clean coals, fuel switching, and energy efficiency may be optimal on
financial, as well as environmental and security grounds. Multilateral collabora-
tion spearheaded by the ROK and supported by the United States and Japan to
promote ecologically sound and secure energy development in Northeast Asia
would be a crucial step in energy development in the region as a whole. Before
the governments make such a commitment and crystallize it in the form of joint
initiatives, a consensus must emerge among key thinkers and opinion makers in
the two countries. Scholars play an important image framing or “epistemic” role
in setting such agendas. Non-governmental organizations can move speedily to
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formulate and pose such questions to governments in ways that are politically
potent.

The recognition of a shared regional and global environment could generate a
new stimulus for regional cooperation based on an emerging concept, “environ-
mental security.” By building the foundation for institutionalized environmental
governance in the region, countries will initiate the habit of dialogue so crucial to
confidence building at the geopolitical level.

Track Two: Elimination or Control of Nuclear Weapons

United States security alliances in Asia were built around U.S. nuclear hege-
mony. Mutual Assured Destruction, for instance, provided a legitimating ideol-
ogy for forward deployment and various doctrines pertaining to the use—and
non-use—of U.S. nuclear weapons. Deep institutional integration developed
around nuclear weapons deployed on host nations at U.S. bases, in command
posts, in joint targeting, during exercises, and in de facto sharing of nuclear
weapons (as in the U.S.-ROK artillery forces to deliver nuclear weapons against
the DPRK). American nuclear weapons were a unique capability that under-
pinned the ideology and institutional integration in each bilateral alliance in
Asia.!

In the post Cold War period, the rationale for American extended deterrence
is obscure. The weapons themselves have been withdrawn from theater forces.
Many of theater and battlefield weapons have been dismantled, and the organiza-
tional infrastructure decertified or demobilized. In short, the United States unilat-
erally (and largely unnoticed) virtually abolished extended deterrence.? It still asserts
rhetorically that it holds a nuclear umbrella over allies such as Japan and the ROK.
But does anyone seriously believe that the United States would use any nuclear
weapon except to deter direct nuclear threats or as weapons of last resort with
which to respond to direct nuclear attacks against the United States itself?

It is incumbent, therefore, to examine not only what will be the post Cold War
but also the post-nuclear regional security system in Northeast Asia. The nascent
ASEAN Regional Forum cannot serve as a framework for a security system in
Northeast Asia built around conventional defenses. The issues which divide and
threaten the states of Northeast Asia are too intractable and too specific for the
Forum. Rather, the states in the region—and the United States given its long-
standing alliances—must fashion a new concept for regional security which does
not rest on nuclear weapons.

Outline of Chapters
In Part One, three chapters deal with the basic question of how and why nuclear

reactor technology and its transfer to communist North Korea make sense to
preserve peace and stability in Northeast Asia. It focuses on an attempt to put to
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rest North Korea’s desire to acquire nuclear weapon—state status by diplomatic
means through the signing of an Agreed Framework between the United States
and the Democratic People’s Republic of Korea.

Chapter 2, by Salomon Levy, discusses the technical details of supplying
light-water reactors to North Korea and the implications of replacing the existing
(and old) graphite-moderated reactor technology. The chapter surveys several
cases in which the United States transferred LWR technology to other countries.
It also examines the possibility of the Republic of Korea’s (ROK’s) supplying
LWR technology to the DPRK and discusses potential problems associated with
such a transfer to North Korea, such as its “safety culture” being different, and
possible solutions to these problems.

Chapter 3, by Peter Hayes, examines the economic costs and benefits of
replacing North Korea’s existing reactor technology with LWR technology. The
chapter raises both the pros and cons of LWR transfer to the DPRK in terms not
only of the cost-benefit calculus but also of the relative proliferation intensity
between the two reactor systems (LWRs and North Korea’s indigenous reactors).
The DPRK ’s electricity needs are also analyzed and estimated from the perspec-
tive of energy supply sources, including nuclear power. The implications of
LWR technology transfer to the DPRK are then presented in terms of reference
cases illustrating whether the DPRK has abided by Non-Proliferation Treaty
(NPT) provisions with full-scope IAEA safeguards. Raising such questions led to
the next logical step in diplomatic negotiations, thereby presaging a quid pro quo
settlement between the United States and the DPRK in the form of the 1994
Geneva Agreed Framework.

Chapter 4, by Leonard S. Spector, provides a balance sheet of the advantages
and disadvantages of the historic Agreed Framework. This agreement established
a formula for a step-by-step process for settling the nuclear issue between North
Korea and the United States. The chapter is a transcript of testimony by one of
the leading experts on the nuclear nonproliferation issue before the U.S. House
of Representatives Committee on International Relations, Subcommittee on Asia
and the Pacific. In commenting on the U.S—DPRK Agreed Framework, the
author gives a balanced overview of not only the risks and flaws but also the
benefits that may accrue from the transfer of LWR technology to the DPRK.

In Part Two, five chapters deal with the economics of the North Korean
nuclear controversy. It raises the question of how international sanctions were
considered but not adopted and why the negative sanctions were deemed coun-
terproductive and unnecessary. Because sanctions might or might not have
worked to resolve North Korea’s nuclear controversy, the discussion shows how
and why positive incentives were better strategies for bringing about a settlement
of the nuclear dispute between North Korea and the United States.

Chapter 5, by Mark J. Valencia, advocates engaging North Korea economi-
cally in the new Pacific community in the making. The attempt to engage North
Korea in the process of community building must begin, according to the author,
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in relatively innocuous fields such as environmental protection, including control
of marine pollution in the Sea of Japan, and economic development, where North
Korea will be enticed to cooperate more with the United States, Japan, and South
Korea in the evolving regional Pacific community.

Chapter 6, by Peter Hayes and Lyuba Zarsky, raises the question of why
regional environmental cooperation is needed in Northeast Asia. The critical
environmental issues in the region that may be amenable to regional cooperation
include transfrontier air pollution, marine pollution, migratory animals, and eco-
nomic integration. Some of the ongoing regional initiatives to foster cooperation
on environmental issues are also discussed. These include the Northwest Pacific
Region Action Plan (NOWPAP), sponsored by the United Nations Environment
Program (UNEP); the scientific activity on marine pollution sponsored by the
United Nations Educational, Scientific, and Cultural Organization (UNESCO);
as well as concerns regarding implementation plans and strategies, such as ca-
pacity building, monitoring, verification and enforcement, financing and public
education.

Chapter 7, by Kimberly Ann Elliott, presents the argument that economic
sanctions against North Korea on the nuclear issue will not work. She briefly
surveys the North Korean economy, including overall production and trade pat-
terns in the key sectors of food, energy, technology, and currency. After specify-
ing an analytical framework for economic sanctions, the author applies the
framework to North Korea to see whether economic sanctions make sense in
achieving the objectives of nuclear nonproliferation. Whether economic sanc-
tions will work against North Korea would depend, according to the author, on
what the North Korean leader wants to do in terms of either maintaining the
status quo of autarky or moving toward an open-door policy. In light of the
Agree Framework, her argument appears to be proven valid with hindsight.

Chapter 8, by Peter Hayes, examines the relationship between environmental
problems and economic crisis in North Korea. The author argues convincingly
that environmental restoration is central to a successful structural adjustment and
economic revival in North Korea. After providing basic environmental data, the
chapter discusses the most pressing environmental problems and challenges in
four sectors: agriculture, water, mining, and forestry. The environmental ideol-
ogy, laws, and administrative system of North Korea are also reviewed, as well
as some initiatives deemed necessary to improve environmental management in
North Korea.

Chapter 9, by Peter Hayes and David F. Von Hippel, zeros in on the challenging
task of engaging North Korea on energy efficiency. Energy efficiency improve-
ments in the DPRK may be the key to resuscitating its stagnant economy. After
identifying some of the problems faced in the energy sector, such as technological
bottlenecks and underutilization of energy facilities, the chapter develops indi-
cative estimates of the potential for implementing energy efficiency and renew-
able energy in the industrial, residential, transportation, and military end use sec-
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tors. It also describes some of the means whereby the DPRK’s energy problems
can be addressed through international cooperation.

In Part Three, five chapters address how diplomatic and strategic moves were
employed in conducting sensitive negotiations between the United States and the
DPRK. The eventual result was a compromise settlement of North Korea’s nu-
clear controversy. These chapters include an analysis of North Korea’s strategic
decision to rely on brinkmanship and high-risk gamesmanship, the level of prog-
ress in implementing the Agreed Framework, the founding of the KEDO (Ko-
rean Peninsula Energy Development Organization) and the Kuala Lumpur
agreement of May 1995, North Korea’s internal decision-making process on the
nuclear issue, the fallout of the U.S.—DPRK agreement on the future of the
U.S-ROK alliance, and bilateral and multilateral approaches to confidence-
building measures.

Chapter 10, by Young Whan Kihl, examines the ways in which confrontation
on the nuclear issue was turned into a compromise settlement, thereby avoiding a
military showdown in favor of diplomacy in the form of the Geneva Agreed
Framework. Some lessons of the 1994 Korean nuclear crisis are drawn from the
case study of North Korea as a small, surviving Leninist state in confrontation
with the United States as the only remaining superpower. North Korea’s negoti-
ating behavior vis-a-vis the United States, coupled with its intransigent behavior
toward the IAEA, has provided an occasion for the small state to learn to play
the game of nuclear brinkmanship with skill and tact, aithough the ultimate
outcome can be judged only with the passage of time.

Chapter 11, by Scott Snyder, discusses a road map for normalizing relations
between the United States and North Korea beyond the Geneva Agreed Frame-
work. It examines the subsequent developments in implementing the terms of the
agreement, including the establishment of the KEDO. He analyzes North
Korea’s policy options of either continuing with the implementation process or
discarding the terms of the agreement. The key to success is, of course, the
follow-up measures of normalizing U.S—DPRK relations, which, in turn, de-
pends on the continuity of IAEA safeguard inspections and the willingness of
North Korea to abide by the terms of the Geneva agreement.

Chapter 12, by Alexandre Y. Mansourov, analyzes North Korea’s decision-
making process regarding the nuclear issue on the eve of the 1994 crisis. The
chapter examines the country’s internal political dynamics, including the ris-
ing role of technocrats. Mansourov argues that North Korea’s nuclear game
plan was orchestrated by the then Great Leader Kim Il Sung with the help of
his followers in the Ministry of Atomic Energy Industry and the Ministry of
Foreign Affairs.

Chapter 13, by Peter Hayes and Stephen Noerper, examines the future of the
U.S.—South Korea alliance in a new era of East Asia’s post-Cold War security
environment. North Korea’s continued forward deployment of immense conven-
tional forces and recent nuclear threat, however, provide the most obvious ratio-
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nale for maintaining the security alliance. The new concerns about rapid militari-
zation in an economically dynamic People’s Republic of China (PRC) and Asian
nations’ concerns about the development of Japanese capabilities provide further
rationale for maintaining a strong U.S. presence. Maintaining U.S. force levels is
also defended on the ground that it appears to be cost effective in an era of
dramatic cost cutting given the host-nation support (HNS) offered by Japan and
South Korea.

Chapter 14, by Janice M. Heppell, discusses the challenge of confidence-
building measures in Northeast Asia by transposing the Conference on Security
and Cooperation in Europe (CSCE) type of multilateral security framework to
the Asia-Pacific region. The chapter examines various factors both promoting
and preventing consensus regarding the imposition of sanctions on North Korea,
which has been considered by the neighboring countries of China, Japan, Russia,
South Korea, and the United States. Whether the multilateral approach will
succeed or fail, in terms of the confidence-building measures (CBMs), depends
primarily on bilateral relations between the pairs of Asian countries, according
to the author. Although multilateralism is advocated, the chapter maintains that
peace and security in the region will be built on a foundation of bilateralism.

In Part Four, six chapters address the external environment of the major
powers and the systemic context of the Korean Peninsula nuclear crisis of 1992—
95. Most of the chapters in this part were commissioned by the Nautilus Institute
to examine the linkage between the residual nuclear force deployment by several
nuclear powers and the danger of horizontal nuclear proliferation in the region.
North Korea’s nuclear ambition, if realized, would likely mean further horizontal
nuclear proliferation in this region where there already exists the problem of
excessive nuclear force deployment by the nuclear powers and vertical nuclear
proliferation. This residue of the Cold War will complicate relations among the
major powers and their policies toward the Korean Peninsula, with their pro-
fessed goal of realizing a nuclear-free Korean Peninsula.

Chapter 15, by Gerald Segal, discusses the nuclear force deployment in
Northeast Asia by three nuclear states—the United States, China, and Russia—
with a view to their respective links to the issue of halting nuclear proliferation
in Korea and Japan. As the two nuclear superpowers, the United States and
Russia, reduce their arsenals, it is evident that midlevel nuclear powers such as
China must join in the process of reducing arsenals and restructuring their arse-
nals to rely less on land-based systems and more on sea-launched ballistic mis-
siles (SLBMs). Arms-control measures and agendas are deemed necessary. Also
discussed are the need to strengthen the Non-Proliferation Treaty regime and the
continued moratorium on nuclear testing through the eventual signing of a com-
prehensive test ban treaty (CTBT).

Chapter 16, by Dunbar Lockwood, also discusses the status of the three nu-
clear powers in the region—the United States, Russia, and China—in terms of
their status as nuclear weapons states and the deployment of nuclear and conven-
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tional forces. The chapter advocates a moratorium on additional nuclear force
deployment by the United States and Russia, by implementing START Treaties
provisions, to be followed by similar moves by China.

Chapter 17, by Ralph A. Cossa, continues the discussion of nuclear force
deployments by the major powers in the region, particularly with regard to the
implications for arms control and nonproliferation of these nuclear weapons. The
chapter notes that relations among the three nuclear powers are less competitive
and seemingly more cooperative than in the past but that a great deal of uncer-
tainty still remains, especially regarding the extent and locations of nuclear in-
ventories. Hence, greater nuclear transparency on the part of all three nations is
deemed necessary to build confidence among themselves and throughout the
region. This measure could ensure the continued existence of a credible deterrent
to North Korea’s nuclear development should the current attempt to dissuade
North Korean proliferation fail. This and the subsequent three chapters address
the subject of the region’s nuclear-free zone ideas. ’

Chapter 18, by John E. Endicott, examines the impact of the limited nuclear-
free zone idea on the deployment of nuclear weapons in the region. The chapter
advocates the creation of a multilateral verification agency, to be based in Vladi-
vostok, that would oversee implementation of the agreement. This cooperative
regional security arrangement would replace Cold War—era confrontation with a
new sense of regional cooperation. The chapter concludes with a recommenda-
tion for halting the nuclear force deployment in the region in order to achieve a
regionwide nuclear-free zone in Northeast Asia.

Chapter 19, by Seongwhun Cheon, presents a South Korean perspective on
regional non-nuclear options. It discusses an earlier North Korean plan for a
nuclear weapons—free zone. This plan is compared with South Korea’s own
proposal for denuclearization of the Korean Peninsula as well as the joint decla-
ration on the denuclearization of the Korean Peninsula that both North and South
Korea signed and put into effect in 1992. Factors that inhibit the implementation
of the denuclearization plan are analyzed. The chapter ends with a plea for
linking bilateral inter-Korean efforts with promoting multilateral confidence-
building measures in the region.

Chapter 20, by Dingli Shen, examines the Chinese perspective on the Korean
Peninsula nuclear-free zone. It advocates engaging North Korea in a program of
verifiable nuclear weapons inspection and monitoring. After reviewing various
plans and kinds of nuclear weapons—free zones, the article notes some of the
issues critical to establishing the Korean nuclear-free zone and the conditions
deemed essential for the success of such a plan. After establishing “an intrusive
and symmetrical safeguards institution” that would monitor both North and
South Korea, the chapter argues, the Korean Peninsula nuclear-free zone could
be integrated into a verifiable regional nuclear weapons—free zone scheme.

Chapter 21, by Peter Hayes and Young Whan Kihl, presents a concluding set
of observations on future prospects for maintaining peace and security in North-
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east Asia. Two track approaches to development and security in Northeast Asia,
as suggested in the preceding discussion, are further articulated in terms of
identifying some of the more concrete measures and steps deemed necessary for
bringing about peace and security in the region, that is, going beyond the nuclear
weapons-free Korea toward regionally sustainable energy development in North-
east Asia.

Finally, peace and security in Northeast Asia in and around the Korean penin-
sula to be institutionalized in the post-Cold War era may be placed in a broader
context of history and economic dynamism. The dramatic end of the Cold War
confrontation between the United States and the former Soviet Union in 1991 did
not bring about a similar epochal transformation in “the correlation of forces™ in
the Northeast Asia region surrounding the Korean Peninsula. Some of the chap-
ters in part 4 describe the great powers’ military force deployment, both conven-
tional and nuclear, in the region. Maintaining the existing force structure and
preparedness is considered prudent because of the regional dynamics associated
with robust economic growth and potential political instability that may arise
from contingencies such as Korea’s approaching reunification.

To the extent that the nuclear conflict with the DPRK is contained with
respect to the Geneva Agreed Framework and its implementation through the
activities of the KEDO, the prospects for peace and security in the Korean
Peninsula have measurably improved. Hopefully, this tenuous Agreed Frame-
work will lead to the next logical step, which is to institutionalize the peace-
building process in Korea and eventually establish nuclear-free zone in the
Korean Peninsula. If this effort is successful, it will help ensure the stability of
Northeast Asia as well as the regional power balance and peace of the Asia-Pa-
cific region into the twenty-first century. Greater regional economic integration
may be fostered by the nuclear-free security environment around the Korean
peninsula. Then Korea will once again become the light in the East pointing
toward a more peaceful and prosperous world for tomorrow.

Notes

1. See Peter Hayes, Pacific Powderkeg, American Nuclear Dilemmas in Korea. Lex-
ington, MA: Lexington Books, 1990; Peter Hayes et al., American Lake: The Nuclear
Peril in the Pacific, New York: Viking/Penguin, 1986,

2. See M. D. Millot et al., “The Day After . . .” Study: Nuclear Proliferation in the
Post-Cold War World, Santa Monica, CA: RAND, 1993, p. 68.
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Supply of Light-Water Reactor(s)
to Pyongyang: Technological
Issues and Possible Solutions

Salomon Levy

The transfer of light-water reactor (LWR) technology to North Korea (the Demo-
cratic People’s Republic of Korea, or DPRK) has been negotiated during high-
level talks between North Korea and the United States. The pros and cons of
such a transfer were covered by Peter Hayes,' and the purpose of this chapter is
to provide details about the practical issues that might be raised by such a
transfer and to suggest possible ways to resolve them.2

This chapter first reviews past LWR technology transfers from the United
States to other countries and identifies the preferred method of transfer to the
DPRK. Next, the countries capable of carrying out the transfer are considered
and the appropriate choice(s) identified. Finally, key technical problems associ-
ated with the transfer of LWR technology are summarized and suggestions for
their solution provided.

History of LWR Technology Transfer

Light-water reactor technology was developed in the United States, where it was
first applied successfully to commercial power production.? Two principal varie-
ties of LWR were utilized in the United States: the boiling-water reactor (BWR),
in which the steam entering the electrical turbine generator is generated in the
reactor, and the pressurized-water reactor (PWR), which employs steam genera-
tors to separate the light-water coolant in the reactor from the steam flowing to

17
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the turbine. The BWR was developed exclusively for power generation, and the
American designer of BWRs (General Electric) was the first to commercialize
that design. The PWR was designed originally for submarine propulsion and was
later adapted to electrical power production. The original U.S. designer of PWRs
(Westinghouse) was the first to commercialize it. These two reactor types have
gone on to become the dominant suppliers of nuclear-generated electrical power
all around the world, with about twice as many PWRs operating today as BWRs.

The initial transfer of LWR technology outside the United States was carried
out by General Electric and Westinghouse, and it took three different forms,
depending on the recipient country’s plans for nuclear power generation, its
fiscal resources, and its engineering, manufacturing, and construction capabili-
ties. The three forms of technology transfer can be categorized in terms of the
degree of LWR technology transfer.

Case 1: Full Technology Transfer. In this case, the U.S. vendors of LWR
power plants provided the full LWR technology to equivalent companies in other
countries (for example, France, Germany, Japan). That transfer of technology
included design information about a power station operating in the United States;
the engineering, construction, and manufacturing methodology employed in the
plant; as well as training of the licensee personnel. Consulting services were
available whenever requested. Improvements in design and developmental re-
sults continued to flow to the licensee after those improvements had been applied
operationally in the United States. There was a requirement for a backflow of
information to the licenser regarding changes and improvements made by the
licensee. Such licenses involved significant initial fees and royalties when the
licenser sold its own version of LWR power plants. In many cases, the licenser
or a licensee-licenser joint venture supplied the first power station and subse-
quent significant evolutions of that design. With time, most licensees formulated
their own design to fit their country’s needs, and several (i.e., Siemens and
Framatome) became capable of competing against the original licenser. Also,
with time, other U.S. vendors (Combustion Engineering, subsequently bought
out by ASEA Brown Boveri, and Babcock & Wilcox) became capable of supply-
ing LWRs and licensing their technology.

Case 2: Supply of a Prototype Plant and Stepwise Evolution into a Com-
prehensive Transfer of Technology. This case applies to countries that had an
immediate need for power and decided for economic or other reasons (for exam-
ple, independence of fuel supply) to use nuclear power. However, they lacked
the resources or capability to use most of the elements of a full license. Subse-
quently, as they developed that capability, they would acquire the technology
stepwise, primarily from the original vendor and in a few cases partly from its
competitors. There are many reasons for the stepwise approach, including the
time required to develop nuclear-engineering curricula in local universities; put
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in place the necessary regulations, codes, and standards; and upgrade quality
assurance and manufacturing technology. Another consideration was the realiza-
tion that the transfer of some elements of LWR technology would not be eco-
nomical until the number of reactors in a given country, and their manufacturing
volume, was large enough. Several countries have followed this pattern (for
example, South Korea and Taiwan).

Case 3. Supply of an Initial Prototype and Subsequent Prototype Plants with
Very Limited Transfer of Technology. This case applies to countries whose pri-
mary interest was in economic nuclear power production. Generally, their de-
mand for nuclear electrical power was small enough not to justify cases 1 and
2. Currently, this is true, for example, of the Krsko plant operating in Slovenia
or the Koeberg plants in South Africa. It should be noted that in the United
States, over the years, knowledge about the construction and design of some
elements of nuclear plants was taken over by architect—engineers (for example,
Bechtel, Sargent & Lundy). Such architect-engineers have become responsible
for overall project management and design and construction of the non-nuclear
systems, or so-called balance of plant (BOP). Also, it should be realized that
some countries (for example, Russia and China) have developed LWR technol-
ogy on their own; however, they have tended to find themselves in a continuous
catch-up mode with respect to evolving western LWR technology.

Based on the preceding brief history, the best strategy for North Korea would be
to select case 3 and possibly evolve later into case 2 when it could be justi-
fied. Case 1 is not viable as the requisite funds, resources, and capability are
not available in the DPRK, nor will they become available for a rather long
period of time. It would be premature to go to case 2 until the first nuclear
plant had been completed satisfactorily in the DPRK and until the projected
growth in nuclear power in North Korea was established firmly and justified
economically.

Also, a premature selection of case 2 could have a significant negative eco-
nomic impact. For example, Brazil acquired considerable LWR technology from
Germany early, and it built large, costly manufacturing facilities that were never
utilized. If LWR technology is to be transferred to North Korea, only case 3
makes sense at the present time. That was the strategy used in Taiwan and South
Korea before it was subsequently evolved into case 2. That strategy has been
effective in those two countries and it should be in North Korea.

Sourcing of LWR Technology
Between 1991 and 1993, it became evident that North Korea desired LWR technol-

ogy and that its transfer must go directly or indirectly through the United States.
France, Germany, and mainland China were not interested in working as supplier
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through the United States. Japan has the necessary capabilities and might have
been willing to work through the United States, but has shown no interest to date
in exporting nuclear power plants anywhere in the world.* Russia might have
been much more acceptable to North Korea, but it was not clear why the United
States would need to be involved in such a transfer unless it would have pro-
vided funding for the project—an absurd proposition. Furthermore, Russia’s
VVER LWR does not meet all U.S. safety standards in such areas as fire preven-
tion, earthquake protection, and severe accident mitigation, which would make it
even more difficult for the United States to sponsor the transfer of Russian LWR
technology.

Since Taiwan is not yet ready for LWR technology transfer, this left the U.S.
vendors and South Korea as the only two possible sources to furnish LWR
technology to the DPRK through the United States. From the outset, the United
States made it clear to the DPRK that the only acceptable supplier of the LWR
technology was the Republic of Korea (ROK). Eventually, the DPRK accepted
this reality.

The ROK as a Source of LWR Technology

The ROK has achieved LWR technology transfer with the purchase of two
PWRs from Combustion Engineering. These units have an electrical output of
950 megawatts electrical and are expected to go into operation in 1998-99. The
ROK has developed a South Korean LWR standard based on that technology. It
is patterned after the CE-80+ ALWR version about to be approved by the NRC
in the United States.

There are many advantages to the ROK involvement as envisaged in the
Agreed Framework:

» The South Koreans speak the same language as the North Koreans and
understand the culture prevalent in that part of the world.

» The ROK was willing to finance a significant portion of the project, supple-
mented by Japan and the other partners in KEDOQ. One way to reduce the costs to
the ROK of the project would be to transmit a good portion of the power
produced by the plant back to the ROK initially. The ROK might also be much
more willing to accept repayment in kind (such as raw materials and food) from
the DPRK. U.S. suppliers have shown little interest in such an approach.

» The ROK could be a source of spare parts and other support during plant
construction and operations in the DPRK. For example, if the plant installed in
the DPRK were identical to plants existing in the ROK, operator and mainte-
nance training could be obtained in the ROK for the first project without having
to build a plant simulator and a training center in the DPRK. Such a strategy
would not only reduce costs but also encourage continued cooperation between
the two Koreas.

+ The ROK’s capability in managing large projects is well established. Most



SUPPLY OF LIGHT-WATER REACTORS TO PYONGYANG 21

South Korean nuclear projects have been completed relatively on schedule and
close to the projected costs. The ROK has manufacturing facilities capable of
producing most of the components and satisfying the required nuclear quality
level. Its universities have strong nuclear-engineering schools, which North Ko-
reans could attend until similar capability was developed in the DPRK.

On the other hand, there are several obstacles to successfully implementing
the ROK’s dominant role in the transfer of LWR technology to the DPRK:

 The project cannot succeed unless the ROK and the DPRK work together.
The project will require a back-and-forth flow of information and personnel over
the territorial boundaries. Mistrust between the two countries is very great, and it
will take many years to overcome past years of dislike and conflict. Also, mis-
trust is likely to resurface several times during this project. Consequently U.S.
participation as envisaged in the Agreed Framework as the project’s architect-en-
gineering coordinator is necessary, to start the project and bring it to a successful
conclusion. Duke Engineering was appointed in 1996.

» The ROK lacks the capability to supply all the components and services for
an LWR. For example, key safety-related valves and pumps are not yet fabri-
cated in the ROK. The same is true of instruments and particularly of digital
control systems and their software. Independent quality assurance (QA) coverage
is still being obtained from U.S. architect engineers. ROK simulators for training
operators are probably behind comparable versions in the United States. How-
ever, the missing components, services, and software can be obtained from the
United States.

Potential Transfer Problems and Possible Solutions

Key areas of concern regarding the transfer of LWR technology to the DPRK
include determining the characteristics of North Korea’s first power plant; devel-
oping a strong DPRK compliance group, together with a safety culture; estab-
lishing a strong project management and scheduling team; and avoiding certain
pitfalls that have beset other such technology-transfer efforts.

Establishing the Characteristics of the First DPRK Power Plant

The precise type of LWR, its size, and its location have to be defined early
before contractual agreement is reached on the transfer of technology. There are
different types of LWRs and different versions among the available PWRs and
BWRs. If the ROK involvement and component supply approach is to be pur-
sued, the LWR had to be a PWR. As the latest LWR design in the ROK is to be
adopted, it was inevitable that the LWR be the Combustion Engineering CE-80+
standard type adopted in the ROK. This approach will be the least costly and has
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the greatest chance of helping to normalize relations between the ROK and the
DPRK.

The location of the plant and its features are important. There would be an
advantage to a site not far from the ROK to allow easy access and eventual
connection of power transmission grids. Also, nuclear power plants need a strong
electrical grid to provide power for the removal of decay heat during nuclear
plant shutdowns. The present DPRK grid would not satisfy this important safety
requirement.

The size of the plant is usually determined by economic considerations and
the overall capacity and stability of the grid system. Nuclear power plant costs
decrease with plant size, and the largest possible size is usually selected. North
Korea’s current available electrical capacity is estimated at between 10,000 and
12,000 megawatts electrical,’ which suggests an optimal nuclear plant size of at
most 600800 megawatts electrical, allowing for the grid weakness and future
growth, not the gigawatt size plant to be transferred. However, most LWRs built
in recent years have been at or above 1,000 megawatts electrical, and there is a
significant cost advantage to using a plant that is already designed and under
construction. Furthermore, the ROK standard plant is 1,000 megawatts electrical.
That size plant can be introduced safely in the DPRK only with a tieback to the
ROK electrical grid. With no tieback to the ROK, a 1,000-megawatt electrical
plant might still be the best choice if it could be operated below its rated capacity
during the first few years of operation until the DPRK electrical grid grew and
became more stable.

The proposed site at Sinpo needs to be studied in terms of population, seis-
mic, flooding, and geological conditions. Access to the site and transportation of
large components to it as well as availability of construction materials are other
important considerations. It would take at least one year to eighteen months to
verify that a site is suitable for nuclear construction. Site visits commenced in
1995, but the detailed surveys remain in the future.

Developing a Strong Compliance Group and a Safety Culture

In a nuclear power plant, safety must always be the dominant objective because
the risks associated with the release of fission products from such plants can be
enormous. Although the power plant owner has many inherent reasons to operate
a plant safely, a regulatory or compliance group has been found necessary to
ensure that the plant is kept on safe grounds at all stages of design, construction,
and operation. The DPRK must now develop and maintain such a group. It must
define the applicable DPRK regulations and how to implement them. An ex-
change agreement with the NRC would be appropriate, and training of DPRK
regulators through assignments in the United States would be desirable. Because
this program takes several years to implement, most countries have required that
the first nuclear plant they acquire be a duplicate of a plant being constructed or
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operated in the supplying country and that the plant satisfy all the safety regula-
tions prevailing there. This is a good approach, but the DPRK would still need
regulators able to pass judgment on the safety of the plant once it became
operational and started to undergo changes. These regulators should be placed in
a different agency, independent from the one responsible for operation of the
plant. Finally, the regulators would have to have the authority to stop work and
shut down the plant if necessary.

A safety culture must be instilled in all personnel associated with a DPRK
nuclear plant. This imperative requires understanding and analysis of plant per-
formance and intensive training of plant operators and maintenance personnel.
The magnitude of this job should not be underestimated. Between 500 and 700
people are needed to operate and support a 1,000-megawatt electrical plant. The
DPRK could acquire a core of this capability by assigning a limited number of
its personnel at the suppliers, at the architect engineers’ facilities, and at similar
operating plants. With time, this capability would have to be developed within
the DPRK. Also, the DPRK should eventually consider joining the World Asso-
ciation of Nuclear Operators (WANO). This would allow DPRK personnel to
participate in the peer review of other LWRs and enable foreign LWR personnel
to visit the DPRK plant. These visits are only advisory in nature, but they still
provide a chance to keep up with how operational excellence is achieved at other
plants worldwide.

Establishing a Strong Project Management and Scheduling Team

A significant portion of the costs associated with a nuclear power plant depend
on its construction schedule. A construction schedule of sixty to seventy-two
months can be attained only with a strong project management and scheduling
team. This requires an organization with clearly established responsibilities and
accountabilities. The scope of supply of the various participants needs to be
defined before the start of the project. This means that a visit to the DPRK will
be necessary to establish and agree on its supply capability. For example, most
concrete construction materials and some balance-of-plant components could be
obtained from the DPRK. Also, it will be desirable to recruit a majority of the
field workers from the DPRK and even to train them to perform such difficult
tasks as nuclear-related welding. However, the project and scheduling team
should be controlled by the supplier of LWR technology. Parallel positions could
be assigned to DPRK personnel to assure the transfer of project and scheduling
techniques to the DPRK. The same strategy should be used for the plant startup.

The schedule and budget would be satisfied only if changes and interferences
were kept to a minimum during the project. In particular, politics could have no
role in the process or the costs would rise sharply and the schedule would be
extended by several years. All these issues are potentially contentions and re-
main to be negotiated as of early 1996.
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Avoiding Previous Pitfalls
The “previous pitfalls” category includes the following;

» Utilizing more than one type of LWR. This would only increase both per-
sonnel-training needs and the quantity of technology and manufacturing knowl-
edge to be absorbed.

¢ Premature use of local components. Inferior components would have a
negative impact on plant power generation.

¢ Weak compliance group. The power plant personnel would emphasize
power production at the expense of safety and good maintenance.

* Inadequate fuel cycle planning. In some cases, there was a failure to recog-
nize the generation of low- to medium-activity wastes and the need to provide
for their storage. In others, there was a premature rush to install fuel fabrication
and other fuel treatment facilities. All such facilities are strongly volume-depen-
dent and should not be considered until the volume justifies them (for example,
six nuclear power plants). For those concerned about cutoff of supplies, limited
inventory buildup of nuclear fuel could provide protection. Long-term planning
for the disposal of spent fuel would need to be considered because the suppliers
of LWR technology will not agree to dispose of the fuel they have fabricated or
to store the high-activity wastes it may generate.

Notes

1. See Peter Hayes, “Supply of Light-Water Reactors to the DPRK,” this volume.

2. It is worth mentioning that my expertise lies in the area of nuclear reactor technol-
ogy and construction, especially in the ROK. My knowledge of the DPRK’s industrial and
electrical capabilities, however, is very limited, and the observations in this chapter rely
heavily upon information provided in Chapter 3 of this volume by Peter Hayes: “Supply
Light-Water Reactors to the DPRK.” Also, political and legal issues are excluded from
this evaluation. '

3. Ibid.

4. Ibid.

5. Ibid.
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Supply of Light-Water
Reactors to the DPRK

Peter Hayes

In this chapter, I examine the transfer of light-water reactor (LWR) technology to
North Korea (the Democratic People’s Republic of Korea, or DPRK), which
emerged as an important issue at the third round of high-level talks between
North Korea and the United States held in Geneva in July 1993,

Emergence of the LWR Issue

The DPRK has developed its nuclear fuel cycle capability for many years and
has obtained substantial assistance from the international community—via the
International Atomic Energy Agency (IAEA) and the United Nations Develop-
ment Program (UNDP)—to this end, especially for uranium prospecting. The
specific issue of DPRK cooperation with South Korea (the Republic of Korea, or
ROK) on nuclear research and development was also raised in the Korean bilat-
eral commissions pursuant to the 1991 nonaggression declaration, albeit with
little progress.

The North Koreans denounced a South Korean proposal to build a nuclear
power plant on or near the demilitarized zone to be run jointly. But in June 1992,
they revealed an interest in light-water reactors in discussions with the director
general of the International Atomic Energy Agency, Hans Blix. Blix had told the
North Koreans that their reactors were outmoded and uneconomic. In response,
North Korean officials recognized the economic advantage of shifting to light-
water reactors.!

After the DPRK announced its intention to withdraw from the Nuclear Non-

25



26 PEACE AND SECURITY IN NORTHEAST ASIA

Proliferation Treaty (NPT) in March 1993, interest in this possibility intensified.
In my discussions with senior North Korean officials in May 1993, I asked three
questions:

1. Would North Korea cooperate with South Korea on joint development of
peaceful nuclear power technology?

2. Would North Korea agree to putting its plutonium (along with that of South
Korea) under joint North—South Korean control?

3. Would North Korea change to light-water reactors if South Korea or the
international community provided the technology?

Senior party foreign policy maker Kim Yong Sun prefaced his response by
stating that science and technology traverse political boundaries and ideology.
He continued as follows:

About the possibility of nuclear cooperation, whatever the form and size of
such cooperation for peaceful purposes, it should be studied and researched.
Science surpasses ideology and borders. There are several additional docu-
ments on exchanges and cooperation in which cooperation is scientific, not
only political and cultural. If we seek broad scientific exchanges, why not
nuclear cooperation?; but not only nuclear, we should cooperate in all fields. In
the 10 point program [for reunification, announced in April 1993}, we also
mention this issue where it refers to everyone making their own contribution
with power, knowledge and money. When we say knowledge, this contains
fields such as scientific cooperation including nuclear cooperation for peaceful
purposes and not only between North and South Korea, but also with the
international community.?

Thus, it was no surprise that the North Koreans raised the issue of shifting to
light-water reactor technology at the second round of high-level talks in New
York in June 1993. In response, the American negotiators indicated that the
United States would support such a move as LWR technology is inherently less
proliferation-prone than the graphite reactors under construction in North Korea.
But they suggested that the issue was moot until the DPRK complied fully with
its full-scope safeguards commitment under the NPT. Moreover, they informed
the North Koreans that the appropriate way to pursue this possibility was to
discuss it with South Korea and with Russia, which asserted at that time that it
would supply four such reactors when the North complied with its NPT obliga-
tions and finds a way to pay for the transfer. There the matter rested until
Geneva.

In Geneva, the North Koreans raised the reactor technology transfer issue on
July 16, 1993, after an initial round of discussions had already been completed.
The North Koreans stated that the real source of the problem regarding the
nuclear issue is their inferior graphite nuclear reactors, which they were forced to
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adopt because no one would help them with anything else. They suggested that
the only way to solve the nuclear problem would be for the DPRK to adopt and
to obtain light-water reactor technology.

The Americans promptly agreed. They also stated, however, that only after
the immediate problem was solved in relation to implementing the safeguards
agreement would the United States explore ways for North Korea to obtain
light-water reactors. They cautioned the North Koreans to keep in mind that the
U.S. government does not sell power reactors. Moreover, they stated, North
Korea would have to arrange financing with private corporate suppliers.

Although the North Koreans sought (and did not obtain) an American com-
mitment that the DPRK should be supplied with light-water reactors at that time,
they also referred to the Russian deal to supply them with four reactors. They
appeared at the Geneva meeting to be satisfied with Russian LWR technology so
long as the United States (or someone else) financed the transfer. In one aside,
the Americans suggested that as South Korea has light-water reactors, the North
Koreans should raise the issue of financing with Seoul.

The North Koreans also stated that the best way to proceed would be to
implement their safeguards obligations step by step with progress in achieving
light-water reactor technology transfer, culminating in access to sites (they did
not refer to special inspections specifically, although referring to “sites” implies
this). The American side promptly disabused them of this notion, insisting that
substantive discussions and measures to transfer light-water reactor technology
could come only after the DPRK was in full compliance with the safeguards
accord.

The text of the joint U.S.—DPRK statement issued on July 19, 1993, in Ge-
neva referred obliquely to all of these issues (see appendix 3.1). One phrase
included the words: “on the premise that a solution related to the provision of
light water moderated reactors (LWRs) is achievable.” This phrase referred to
the variety of obstacles that had to be overcome in order for the United States or
any other supplier to transfer LWR technology to the DPRK including then
COCOM (NATO’s Co-ordinating Committee) controls, and U.S. legislation on
terrorism and trading with enemy states.

For all these reasons, the statement that “the USA is prepared to support the
introduction of LWRs” and “to explore with the DPRK ways in which LWRs
could be obtained” was qualified with the phrase “including technical questions
related to the introduction of LWRs.” This phrase referred, in turn, to these
difficult legal and practical questions outlined above, which had to be resolved in
subsequent talks.

Thus, the DPRK’s line in Geneva in July 1993 was new and potentially
significant. The DPRK shifted blame from U.S. policy to the fact that North
Korea has inferior nuclear technology, which, it suggested, inadvertently implied
that it is interested in nuclear weapons. The shift signified that the leadership in
Pyongyang had tilted away from its anti-NPT hard line. In short, the approach
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taken in Geneva appeared designed to keep open a face-saving way out of the
nuclear impasse created by Pyongyang while sustaining the DPRK’s nuclear
weapons option for the moment. The LWR issue gave the DPRK a tactical
advantage in ongoing negotiations as it maintained ambiguity as to its ultimate
intentions while giving the appearance of being a confidence-building measure
that might increase the transparency of the DPRK’s nuclear program.? Kang Sok
Ju (head of the North Korean delegation at the Geneva talks) said, for example,
that his government proposed switching to more modern reactors to “prove the
point” that it does not want nuclear weapons.*

Undoubtedly, the DPRK also aspired to match South Korea and Japan in
terms of perceived technological prowess and prestige associated with nuclear
power programs, although (as I will argue later in the chapter) it can ill afford to
pursue this objective.

Some American officials at Geneva observed that it was easy for the DPRK to
make this move knowing that the many obstacles to transferring light-water
reactor technology would not be overcome, at least not in a time frame that
would have been meaningful to the nuclear issue. With hindsight, it appears that
they were wrong. Others believed that the DPRK was setting its price for com-
pliance with the NPT at a level that required the American side to clear the way
for upgrading trade and investment relations between the two countries and, thus,
with the rest of the world. In this sense, nuclear technology transfer impelled by
the threat of nuclear proliferation was an excellent battering ram to pound
against the American closed-door policy toward the DPRK. It resulted directly in
the October 1994 Agreed Framework which committed the United States, among
other things, to facilitate the transfer of two LWRs to the DPRK.

Proliferation Intensity of LWRs versus Indigenous Reactors

The DPRK has developed the basic infrastructure for a nuclear fuel cycle with a
view to constructing and operating a nuclear power plant. In 1991, Kim Chol Ki,
director of the Science and Technology Bureau of the DPRK Ministry of Atomic
Energy Industry, told me that North Korea had plans to build a 1.76-gigawatt
electric nuclear power plant as part of the Third Seven Year Plan for the DPRK.
He anticipated that the plant would have four 440-megawatt electric units oper-
ating on a two-on, two-off shift to provide backup against outage.>

In 1993, the South Korean Atomic Energy Research Institute released a report
entitled “The Present Status of Atomic Energy Development in North Korea,”
according to which the DPRK has operated a 5—-megawatt reactor at Yongbyon
since 1986 and has a 50—megawatt electric reactor under construction at
Yongbyon that is due to become operational in 1995 as well as a 200-megawatt
electric power reactor under construction at Taechon that was due to become
operational in 1996. The report also stated that the DPRK planned to build a
635-megawatt power reactor at Sinpo on the northeast coast—destined to be-
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Source: “North Korea’s Nuclear Power Programme Revealed,” Nuclear News (July
1992), 2.

come the site for the LWRs envisaged in the Agreed Framework.® An American
analyst has reported a different range of reactor sizes and locations in the DPRK
than those listed in this South Korean report.” I have assumed that the South
Korean data are more accurate as they are consistent with the facilities declared
to the International Atomic Energy Agency (see Figure 3.1).8

In May 1993, I visited the Heavy Industry Sector exhibit in Pyongyang,
which features a display of the DPRK’s nuclear fuel cycle facilities. It included a
scale cutaway model of the 200-megawatt electric reactor, which revealed pri-
mary and secondary heat-exchange systems for the gas coolant, and two genera-
tors. From the satellite positioning and tracking (SPOT) photographs of
Yongbyon released by the Tokai Research Image Center in Tokyo, it is evident
that the Yongbyon reactors were not intended for electricity production, as there
were no power lines to or from the reactor sites.

From this information, I infer that the DPRK’s power reactor program com-

menced with the 200—megawatt gas-cooled reactor, and not with the reactors at
Yongbyon.
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Scenarios for Comparison

The rationale for proposing to shift the DPRK from its graphite-moderated,
gas-cooled reactor program to LWR technology is the latter’s relatively lower
proliferation proneness. Assuming that the DPRK will have to abandon its indig-
enous 200-megawatt electric reactor in order to obtain LWR technology—as
occurred in the Agreed Framework—the two fuel cycles must be compared with
respect to two criteria (see Table 3.1). First, the DPRK could be inside or outside
of the NPT, and the IAEA’s full-scope safeguards system will or will not be
applied to its nuclear facilities. Second, it could have its own or LWR technol-
ogy. These possibilities produce the following four possible scenarios:

1. The DPRK is in the NPT and has only the 200—megawatt electric reactor—
operating in power, not weapons-grade plutonium production mode—under
full-scope safeguards.

2. The DPRK is in the NPT, has only an LWR—operating in power, not
weapons-grade plutonium production, mode—under full-scope safeguards.

3. The DPRK is not in the NPT and has only the 200—megawatt electric reac-
tor, operating in weapons-grade plutonium production mode without safe-
guards.

4. The DPRK leaves the NPT after obtaining an LWR and operates it in weap-
ons-grade plutonium production mode without safeguards.

In this chapter, I will examine the issue of proliferation intensity by compar-
ing only two of these four possible scenarios—namely, the DPRK outside the
NPT running a 200-megawatt electric indigenous reactor (scenario Bl in Table
3.1) versus the DPRK inside the NPT running a 1-gigawatt electric LWR under
full-scope IAEA safeguards (scenario A2 in Table 3.1).

To simplify the analysis, therefore, I assume that the United States will hold
out for the following “package” before it seriously entertains the idea of transfer-
ring LWR technology to the DPRK:

» The “radiochemical” laboratory or reprocessing facility will be dismantled
along with any other piutonium-separation facilities, hot cells, and so forth,

» The IAEA will be permitted (at least eventually if not immediately) to
resolve discrepancies between North Korean operating records and actual pluto-
nium-separation activities as indicated by sampling, inspection of disputed sites,
and so forth.

» The IAEA board of governors will have determined that North Korea is in
compliance with its safeguards agreement under the NPT, at least with reference
to the existing reactors at Yongbyon, (and eventually, will decommission these
plants in return for shifting to LWRs.

» North Korea will abandon construction of its 200—megawatt electric
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Table 3.1

Possibie Reference Scenarios

A B
DPRK in NPT with
full-scope IAEA DPRK out of NPT with no
safeguards |AEA safeguards
Al B1
1. DPRK indigenous
200—-megawatt electric DPRK in NPT with DPRK out of NPT;
reactor only full-scope IAEA 200—-megawatt electric
safeguards indigenous reactor
A2 B2
2. Light-water reactor only
DPRK in NPT with DPRK out of NPT; LWR

full-scope IAEA safeguards transferred

graphite-moderated, gas-cooled reactor in anticipation of receipt of LWR tech-
nology.

« North Korean spent fuel from an LWR will be kept in holding ponds at the
reactor site or at a dedicated facility, and plutonium in it will not be separated in
offshore reprocessing plants for recycling into LWR mixed oxide (MO) fuel or
into an eventual fast reactor program in the DPRK.

+ North Korea will rely on external suppliers of enriched uranium LWR fuel.

I assume also that a 1—gigawaitt electric LWR reactor would be supplied by
South Korea for the purposes of comparison.®

Relative Proliferation Propensity

At the end of the Geneva talks, the international media reported that U.S. offi-
cials prefer that the DPRK adopt LWR technology because it is inherently less
suited for making nuclear weapons.

In reality, determining the relative proliferation propensity of different fuel
cycles is a complex matter. John Holdren has suggested the following four
factors against which different fuel cycles can be judged for their susceptibility
to diversion of fissile materials (see appendix 3.2):

1. Quality of fissionable materials: the degree of enrichment of uranium and
the ratio of fissionable to nonfissionable plutonium isotopes

2. Quantity of fissionable material: the number of critical masses per gigawatt
electric—year of operation

3. Barriers: the chemical barriers to the diversion and use of fissile materials,
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such as form and dilutants of uranium and plutonium, and the radiological
barriers associated with spent fuel of low or high burnup

4. Detectability: the degree to which the fuel cycle requires new operations or
significant modifications and/or entails radiological releases that can be
monitored effectively

It is evident that the once-through LWR (in the case presented by Holdren, a
pressurized-water reactor, or PWR) and CANDU (Canadian deuterium uranium)
fuel cycles are significantly less susceptible to diversion of fissile materials than
other power reactor fuel cycles.! It is not easy to directly compare the DPRK’s
200—megawatt electric reactor (even after scaling down to account for the differ-
ence in plant size between the DPRK plant and that assumed by Holdren) be-
cause the DPRK has not released detailed design information for that reactor. It
is therefore necessary to define a “reference” DPRK power plant to compare
with an LWR in terms of their relative proliferation proneness.

Reference DPRK Reactor

In this subsection, I describe the basic physical parameters of the British pluto-
nium production reactors in order to “design” a reference DPRK reactor to
compare with LWR technology.

The DPRK reportedly told the International Atomic Energy Agency that its
reactors are modeled after the British Calder Hall reactors built to produce pluto-
nium for nuclear weapons.11 They were graphite-moderated, carbon dioxide—
gas-cooled reactors fueled with natural uranium metal rods clad in a magnesium
alloy (“magnox”). The second generation of four magnox reactors was known as
Chapel Cross. Both generations produced plutonium but generated electricity as
a by-product. All eight reactors were nominally rated at 50-megawatts electric
(net).!2 Another source rates the early Calder Hall reactors at 225 megawatt
thermal and 41-megawatts electric (net);!® I adopt 50-megawatts electric in this
study.

When the magnox reactors are used primarily to produce electricity, operators
typically set fuel burnup at 3,000-4,000 megawatt-days per metric ton of ura-
nium fuel.'¥ The core measured about 14 meters wide by about 8 meters high.
Each fuel channel in the reactor contained a stack of six fuel elements, each of
which, in turn, consisted of massive, solid rods of natural uranium metal about a
meter long and 3 centimeters wide. Each stack of six fuel elements weighed
about 77 kilograms. Each core contained about 1,691 fuel channels, for a total of
assembly of about 10,146 fuel elements. The total uranium fuel contained in the
core was about 112 metric tons of natural uranium (excluding cladding).

The fuel could be replaced in later, civilian magnox reactors while producing
electric power by using on-line, continuous refueling techniques, and about three
fuel channels were refueled per week.!> Spent fuel from gas-cooled magnox
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reactors cannot be stored indefinitely in water because the magnox alloy (magne-
sium alloy containing 0.8 percent aluminum, 0.002-0.005 percent beryllium,
0.008 percent cadmium, and 0.006 percent iron) corrodes slowly in water. (Dry
storage, however, is feasible although difficult.) Each metric ton of magnox fuel
irradiated for 1,000 megawatt-days contained about 998 kilograms of uncon-
verted uranium and 0.8 kilogram of plutonium.'6

When operated to produce weapons-grade plutonium, as they were between
1956 and 1964, the Calder Hall and the four next-generation Chapel Cross reac-
tors were run rather differently. Instead of continuous refueling, the whole core
was irradiated and removed about twice a year (allowing for about three months
of repair and maintenance work). To produce very pure plutonium without the
bothersome isotopes that impede weapons production, the burnup rate was reduced
to about 400 megawatt-days-thermal per metric ton of fuel, at which rate, about 79
kilograms of weapons grade plutonium were produced per reactor year.!”

On this basis, what can be said about the proliferation propensity of a 200—
megawatt electric scale-up of the early graphite-moderated, gas-cooled reactors
compared with an LWR when measured against the factors listed above (see
Table 3.2)?

In terms of quality, replacing the DPRK reactor with LWRs would increase
the international community’s leverage over the front end of the DPRK’s fuel
cycle by virtue of the latter’s resultant dependency on imported uranium enrich-
ment services.

On the back end of the fuel cycle, it would also reduce the quality of the
plutonium available from spent fuel by increasing the amount of plutonium
isotopes that might prematurely initiate a nuclear chain reaction in a weapon
(unless the LWR were removed from the NPT regime and operated to maximize
the production of weapons-grade plutonium).

In terms of quantity, a 1-gigawatt electric LWR would produce about 250
kilograms of plutonium per year. A DPRK 200-megawatt electric reactor scaled
up from Calder Hall technology and operated in plutonium-production mode
could produce about 315 kilograms of weapons-grade plutonium.'® Thus, two
LWRs transferred to the DPRK would increase the quantity of plutonium to be
controlled under safeguards. In the LWR case, the diversion of 1 percent per year
would yield a “bomb” quantity of plutonium (5 kilograms for weapons-grade
plutonium), but only marginally.

In terms of chemical barriers, LWR technology is fairly resistant on the front
end in that the fissile material is in oxide form, albeit not mixed with an effective
dilutant. However, the gas-cooled reactor would use natural uranium fuel, which
would be even more difficult to utilize for weapons purposes than low-enriched
uranium oxide for LWR fuel. So long as both fuel cycles do not introduce
plutonium recycling, they are equivalent in terms of chemical and radiological
barriers to diverting spent fuel from storage to weapons activities. Indeed, due to
the difficulty of storing spent magnox fuel in water for long periods, North
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Table 3.2
Relative Proliferation Intensity of LWR versus DPRK indigenous Reactor

DPRK indigenous reactor fuel
PWR once through fuel cycle per 0.2 GWe-year operated

cycle per GEw-year to maximize plutonium production
enriched spent fuel natural spent fuel
uranium storage uranium storage
Quantity of 855 kg U235in 250 kg of (69% 336 kg of U235 315 kg of
fissile material 28,500 kg Pu fissile) in in223,664kg  weapons grade
and main U238, 3% 26,000+ kg of U238 plutonium in
dilutants at this enrichment uranium and enrichment approx. 223,000
point zero % fission kg of U238 and
products fission products
Further Extensive Chemical Enrichment Chemical
processing further isotopic  separation from from scratch separation from
needed from enrichment uranium and required uranium and
this point to use required fission products fission products
in nuclear required required for use
explosives in nuclear
explosives
storage may
require
reprocessing of
wastes

Proliferation susceptibility indices (5 = worst, 1 = best)

Quality
Asis 1 3 1 4
Enrichment 5 4 5 4
Quantity 4 4 1 4
Barriers
Chemical 4 2 . 4 2
Radiological 5 1-2 5 2
Detection 3 1 5 1

Source: J. Holdren, “Civilian Nuclear Technologies and Nuclear Weapons
Proliferation, ” in C. Schaerf et al, New Technologies and the Arms Race, St. Martin’s
Press, New York, 1989, pp. 182—185; text for DPRK reactor.

Note: See Appendix 2 for definitions of numerical weights.

Korea argued that it might be obliged to reprocess the fuel for safety reasons and
has already cited precedents to this effect in Britain, France, and Japan.!® Some
experts contend that dry storage is feasible, however.20

In terms of detectability of diversion, an LWR fuel cycle appears to offer
significant advantages. If we assume that the DPRK would operate its reprocess-
ing plant in scenario B1 (go it alone with its own 200-megawatt electric plant
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outside the NPT system) but would abandon it along with the 200~megawatt
electric reactor in scenario A2 (rely on LWR technology), then the LWR would
reduce the opportunities for diversion at various points in the reprocessing and
recycling portions of the fuel cycle from relatively high to essentially zero. The
LWR is inherently easier to safeguard as shutdown is obvious and required for
removal of any fuel rods (although the fact that an LWR is relatively easier to
control in this respect is not relevant to the comparison with the DPRK indige-
nous plant because I assume that this reactor would only operate outside the
NPT, whereby diversion detectability becomes moot).

Opverall, therefore, the major reduction in proliferation intensity associated
with switching to LWR technology would be (1) the increased dependency of the
DPRK on the international community for enrichment services and (2) the re-
duced opportunity for and enhanced detectability of diversion of plutonium from
LWR spent fuel under safeguards versus an indigenous reactor operating outside
the NPT. Finally, inducing the DPRK to abandon the 200-megawatt electric
reactor would lay to rest any possible rationale for completing and operating its
reprocessing facility in order to store spent fuel safely. Aside from these advan-
tages, the LWR is only marginally less proliferation-prone than the indigenous
plant from a technical perspective.

Other Considerations

Six other factors offset or reinforce these marginal technical advantages of an
LWR over an indigenous DPRK reactor.

First, LWRs in North Korea could legitimate continued accumulation of
weapons-relevant skills that could be mobilized on short notice to produce nu-
clear weapons from a large stock of accumulated plutonium in spent fuel. Thus,
the acquisition of LWRs is consistent with the DPRK’s maintaining a posture of
studied ambiguity as to its ultimate intentions with respect to nuclear weapons.

Second, the DPRK could reduce the leverage implicit in its reliance on imported
enriched uranium fuel by stockpiling this material (assuming that it could afford to
do so and that this step passed unnoticed by the international community).

Third, LWR or “reactor-grade” fuel containing excessive amounts of the plu-
tonium isotopes Pu 240 and Pu 242 is still usable for a nuclear weapon, at a cost
to expected yield and certainty of yield as compared to weapons using “weap-
ons-grade” material. It is noteworthy that it is not appreciably more difficult to
design a weapon using reactor- rather than weapons-grade plutonium.2!

Fourth, the DPRK could operate an LWR (presumably after departing from
the NPT) to minimize the production of these inconvenient isotopes by shutting
down the reactor more frequently to remove irradiated fuel (but at a cost to
electricity production).?

A “modernized” DPRK that is rendered capable of running (or even con-
structing) LWRs could also become a more active and disruptive exporter of
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nuclear technologies than it would if it only had access to its own relatively
primitive nuclear technology. Weighing against this disadvantage of an LWR is
the fact that although the DPRK could become a more capable and potentially
disruptive supplier of nuclear fuel cycle technologies, materials (such as graph-
ite), and techniques by virtue of having an LWR fuel cycle, it would be less
likely to have developed and to transfer nuclear weapons capabilities at all under
the political conditions in which an LWR might be transferred to the DPRK.
Conversely, it might develop and share nuclear weapons—related expertise with
other states in the near term if left to its own devices, whereas it would take
many years (up to fifteen years for advanced reactor core components) for the
DPRK to develop exportable expertise in LWR manufacture.?

One other issue is worth mentioning. North Korean officials have noted that
South Korea’s nuclear power reactors might be hit during a war. These reactors
present tempting radiological targets.2* By the same token, a large-scale nuclear
power plant in North Korea presents the South with a reciprocal targeting option.
Having a much larger reactor program (twelve power reactors operating or under
construction), the South proffers the North ten to fifteen times as much radiologi-
cal damage potential as one reactor in the North would proffer the South. But a
large reactor in the North would make the implicit threat to attack a radiological
target in wartime a risk shared by both sides, which, in principle, provides the
South with a qualitatively similar deterrent against such attack.?> Although an
LWR might contain much more fission products and radioactive materials than
the DPRK’s 200—megawatt electric plant, the switch to LWR technology per se
would make little difference to this factor.

In this section, I have shown that an LWR offers some inherent advantages
over North Korea’s own reactor in terms of the criteria of quantity and quality of
fissile materials, chemical and radiological barriers, and detectability. I also
noted that six other factors should be considered in relation to the transfer of an
LWR to North Korea: continued DPRK ambiguity as to ultimate proliferation
intention, fuel stockpiling, the utility of LWR-grade plutonium for nuclear weap-
ons, the possibility that an LWR could be used to make weapons-grade pluto-
nium, North Korea’s export behavior, and the issue of radiological targeting in
wartime in the Korean Peninsula.

In the next section, I analyze the economic soundness of a nuclear power
plant in the North Korean energy economy.

The DPRK’s Electricity Needs and Nuclear Power

As of 1991, the DPRK planned to build only one nuclear power plant, When that is
completed successfully, North Korean officials asserted that they would develop
further plants “in accordance with the needs of national economic growth.”?® Under
the Agreed Framework, they have committed their economy to having two LWRs.
There is little doubt that the DPRK is suffering from acute energy shortages,
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Table 3.3

DPRK Energy Supply Balance, 1991 Estimate (10'% joules)

Gas Coal Electricity Other® Total
Primary production — 1,285.4 343.3° 37.7 1,666
Imports — 75.4 — — 3140
Exports — —_ Vet — —
Primary supply — 1,360.8 343.3° 37.7 1,980.5
Net transformation — 3140 1675 — —494.1
Final consumption — 1,046.8 175.9¢ 37.7 1,485.9

Source: Economist Intelligence Unit, China, North Korea Country Profile 1992-93
(1993), p. 80, citing Energy Data Associates.

Notes:

*No accounting for fuelwood and other bioenergy fuels.

®Primary electricity production, imports, and exports are expressed as input equivalents
on an assumed efficiency of 33 percent.

“°No account of small exports of hydroelectricity to China, nor jet bunkers and
international shipping.

4Output basis.

both of petroleum fuels (especially in the transport sector, probably in industry,
and possibly in fertilizer production) and of electricity.

The DPRK’s Present Energy System

In this subsection, I analyze the components of North Korea’s existing energy
system, including the energy and electricity sectors, the generating plant, and the
transmission and distribution system.

Energy Sector. As is well known, the DPRK relies heavily on coal, hydro-
power, and imported oil for its energy supplies. Table 3.3 shows an approximate
energy supply balance for the DPRK. This subsection focuses on the energy
sector, which accounts for the bulk of the DPRK’s greenhouse gas emissions.

The institutional arrangements in the energy sector are complicated and
reflect a high degree of functional fragmentation, The energy sector in the DPRK
has no single specialized institutional authority or ministry responsible for en-
ergy analysis, integrated planning, and management. These tasks are scattered
among the following agencies and ministries:

¢ Coal exploration, mining, and supply are under the jurisdiction of the Min-
istry of Coal Mining.

* The electric power sector development, power generation, distribution, and
sales are the responsibility of the Electric Power Industry Commission (EPIC;
see below for details).
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+ Energy statistics and energy-planning activities are performed by the State
Planning Commission, incorporating the Central Statistics Bureau under its au-
thority. The State Commission for Science and Technology acts as a consulting
body in these activities, mainly providing appropriate recommendations and soft-
ware for energy plan formulation and decision making.

» Supervision of energy flow and reasonable consumption of the fuel in the
transport sector is assigned as a function of the State Transport Commission.

« The Ministry of Atomic Energy Industry is in charge of development, construc-
tion, and power generation of nuclear power plants as well as nuclear fuel supply.

» The External Economic Affairs Commission is responsible for purchase of
crude oil and petroleum fuels, as well as all imported machinery and equipment
for the energy sector.

 The Ministry of Machine Building Industry is responsible for the manufac-
ture and supply of domestic power equipment. Most of the research and develop-
ment work for the energy sector is performed by the institutes affiliated with the
Academy of Sciences, although all the above-mentioned ministries and commis-
sions have their own research institutions.

« The nonstanding State Committee for Energy, chaired by the prime minis-
ter, discusses and decides on major issues in the energy sector.

+ Research and development activities related to the energy sector performed
by institutions affiliated with the various ministries are coordinated by the State
Commission for Science and Technology.

This functionally differentiated and fragmented institutional framework results in
poor policy coordination and program implementation. There is no comprehensive
energy policy in the DPRK. There is no apparent economic rationale to the existing
price structure for different energy forms. There are not even rudimentary markets to
facilitate economically efficient transactions between energy-related supply and de-
mand entities. Planning and fuel allocation are also inhibited by the apparent nonex-
istence of a basic energy supply/demand balance in the DPRK. Indeed, a UNDP
energy-efficiency-improvement project in the DPRK is meant to create just such a
balance at the proposed Center for the Rational Use of Energy.

Electricity Sector. North Korea claims to have about 12,000 megawatts elec-
tric of installed capacity, with an available capacity of 10,000 megawatts elec-
tric. Approximately 50 percent of the generating capacity is hydroelectric, and
about 50 percent is thermal, mostly coal-fired. About 84 percent of the electrical
energy is fired by coal.

Generating Plant. Although there are more than five hundred generating
plants, only sixty-two major power plants are linked to the nationally intercon-
nected transmission system. The latter system, in turn, transports about 85 per-
cent of the generated electrical energy. (The residual 15 percent of the electrical
energy is generated by self-reliant industrial facilities and by small, isolated, and
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mostly hydroelectric units.) Of the plants linked to the transmission system,
twenty are thermal (eighteen being coal-fired, two being oil-fired), and forty-two
are hydroelectric.?” The largest thermal unit is at Bukchang, with an installed capac-
ity of 1,600 megawatts electric. The largest hydroelectric plant is at Supung, with an
installed capacity of 700 megawatts electric (seven 100—megawatt electric tur-
bines).28 The output of the latter plant is shared by the DPRK and China.

The North Koreans run the thermal, mostly coal-fired, plants as base-load
units and use the hydroelectric plants to meet peak-load demands. When demand
exceeds supply, the supply to consumers is suppressed. The DPRK Electric
Power Industry Commission estimates that it has to accommodate a generating
gap of at least 500 megawatts electric. Blackouts occur and loads are shed
regularly, resulting in large production losses. In the winter (November—Decem-
ber), load shedding reaches 1,000 megawatts electric due to the accumulation of
snow. In summer—particularly in March through May—shortage of water at
hydroelectric reservoirs forces the power system operators to shed as much as
2,000 megawatts electric for up to an hour at a time. Bad weather can worsen the
situation as storms, old and low-quality equipment, and incorrect operation of
protective devices cause the transmission system to fail.

Consequently, the quality of electric power in the DPRK is also poor in terms of
frequency (often found at 5759 hertz, well below the permissible deviation from the
standard 60 hertz) and voltage (which frequently fluctuates). The power factor at load
centers is also low and averages 0.8, which can badly damage end-use equipment.

Transmission and Distribution System. The transmission system is isolated
from neighboring countries (except for a 60 kilovolt line feeding power to a
remote area of China). The DPRK uses 220— and 110-kilovolt lines for bulk
transmission; 60, 10, and 3.3 kilovolts for distribution; and 380/220 volts at 60
hertz for distribution to consumers. The government states that 100 percent of
households and industry are electrified. As not all consumers are metered, the
exact quantity and sectoral distribution of electrical end use are not known.?? The
government states that transmission losses are about 10 percent, and distribution
losses are about 6 percent. However, some observers believe that this official
estimate (like generation figures) is optimistic, to say the least. It is reported that
the transmission and distribution system urgently needs to be refurbished.

Generation Difficulties

The DPRK government claimed that generation in 1989 was about 50-55 ter-
awatt hour electric.’® Informed observers in Pyongyang estimate that the actual
generation in 1992 was about 31-32 terawatt hour electric and that the annual
shortfall is between 10 and 12 terawatt hour electric.?! This difference reflects all
the problems of generation, load shedding, and transmission and distribution
losses referred to above.

In the DPRK’s generating plants, machinery cannot be maintained or repaired
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adequately due to the shortage of spare parts, testing equipment, and obsolete
and incomplete monitoring and control instrumentation in the power plants. The
official estimate of thermal power generation of the thermal-to-electricity con-
version efficiency of 34 percent is likely a substantial overestimate. At the
Pyongyang Thermal Power Station, for example, major equipment is deteriorat-
ing due to the limited capabilities to track thermal performance, poor instrumen-
tation and testing equipment, and the lack of a comprehensive maintenance
program. All these technical problems are worsened by the shortage of skilled
staff able to use what equipment exists. About 211 gigawatt hour electric of
electricity generated at the station (or 5 percent of its nominal and 7 percent of its
actual rated output at a 100 percent capacity factor) is lost due to acute problems
such as boiler outages.

Coal Shortages. The power sector is also afflicted by problems originating in
the coal-mining industry. Coal shortages (reportedly due to the classic command-
and-control bind of shortage of coal for steel and power production on the one
hand and transport constraints on getting coal to end users due to steel shortages
on the other) have constrained the power output at thermal power stations. Also,
the Institute for Coal Selection lacks equipment to determine the energy content
of mined coal. Consequently, power station operators may not know the quality
of fuel loaded into steam boilers at generation plants. The DPRK lacks a long-
range coal-mining industry development program and master plan for each
coalfield and basin to determine the best allocation of investment resources in
coal production in relation to projected consumption needs. Moreover, that coal
which is produced is not cleaned before it is sent to consumers which imposes
operating and pollution problems (from ash) for power plant operators. Perhaps
60 percent of the coal used in power plants is wasted in inefficient combustion.

It has been estimated that the equivalent of at least 6 million metric tons of
coal are wasted in the whole country and that simply using high-temperature
waste heat rationally would increase electricity-generating capacity by 400
megawatts electric. Most of the industrial furnaces and ovens that vent exhaust
gases at temperatures of more than 500 degrees centigrade do not recover the
heat for preheating fuel or other uses. Nor are piping or furnace walls insulated
due to the lack of insulation materials. Almost no use is made of modern heat
exchangers or simple heat pumps.

Expansion Plans. The government emphasizes expansion of the power sector
in its plans and allocated 3 billion won for this purpose during the most recent
(1987-1993) plan. It aimed to increase power capacity to 19,000 megawatts
electric and to generate 100 terawatt hour electric in 1993. These goals were
ambitious and highly unrealistic, and were likely not realized.

To this end, the DPRK is building twelve new hydroelectric plants amounting
to an additional 2,500 megawatts electric (the largest is 800 megawatts elec-
tric).32 The government also plans to construct 4,000 megawatt electric of ther-
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mal power plants, ranging from 200 to 1600 megawatts electric. It now proposes
to add two gigawatts of nuclear power plant.? Finally, the government intends to
upgrade the transmission network by expanding it and introducing 330—kilovolt
transmission in the mid-1990s (to increase eventually to 500 kilovolts).

Institutional Weakness. The Electric Power Industry Commission is the key
power sector institution that plans and develops power generation, transmission,
distribution, and end-use sales and has ministerial status in the government.

Within EPIC, the Electric Power Dispatching Bureau is responsible for the
Electric Power Production and Dispatching Control Center (EPPDCC), which, in
turn, monitors and coordinates the functions of the power system with its fifty-
strong staff. EPPDCC is responsible for planning hydroelectric and thermal
power plants; monitoring the status of generating units for efficiency and reli-
ability of supply; monitoring the system flow of electricity at voltage levels at or
above 110 kilovolts; planning and implementing repair and maintenance of the
system; responding to faults and contingencies in the power system; and collect-
ing and storing data on system operation. It also supervises eleven regional
power-dispatching centers. It is supported by the Institute of Electric Power and
Telecontrol in the areas of telecommunications and control, computer equip-
ment, and software.

Load Dispatch Difficulties. Given the complexity of the power system,
EPPDCC requires instant access to accurate and salient information on sixty-two
power plants, fifty-eight substations, and eleven regional transmission and distri-
bution dispatching centers. The system operators at EPPDCC, however, rely on
phone or telex messages for status updates on the value of such parameters as
voltage, current, active power, and frequency at a load center, or a drop in
system frequency due to a fall in generation. Relatedly, if a transmission line
is tripped out-of-service due to a fault, then the network configuration must
be reconstituted immediately or whole sections of the system become iso-
lated. The slow pace and unreliability of the information systems used by
EPPDCC virtually ensure that the system operators cannot restore the system to
working order. As of late 1992, EPPDCC operated one old desktop personal
computer to collect and analyze system performance data, but it could not
handle the processing of planning and logging information. Blackouts continue
unabated in the mid-nineties.

Thus, the power system lacks a modern, automated, and computerized super-
visory and monitoring capability that can support a load-dispatching function in
real time. The pilot project under way with UNDP support to rectify this defi-
ciency covers four critical power plants and substations only and will not resolve
this problem at a system level.

Vast End-Use Energy Waste. In addition to the problems noted above, the
consumption at point of end use of electricity is also very inefficient in the
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DPRK. The government estimates that industries typically waste between 30
percent and 50 percent of energy supplied. In the building sector, many residen-
tial buildings are not insulated. Space heating is by hot-water pipes embedded in
the floor with a single on/off valve per apartment. The source of heat is central-
ized and is linked to power plant waste steam output on a district basis. (Cooking
is by bottled gas or kerosene, with fuel stored on balconies.)’* Aside from dra-
matically increasing comfort levels in North Korean buildings, properly insulat-
ing walls and windows would reduce the demand for “waste” steam from power
plants, which could be used better on-site at power plants to increase the generat-
ing efficiency (or reduce fuel usage) of electricity. The government has recog-
nized that large opportunities exist to reduce energy waste and has established a
Center for Rational Energy Use to this end.

In short, the main characteristic of the DPRK’s power sector is its extraordi-
nary wastefulness—waste in fuel production, waste in transmission and distribu-
tion, waste in end uses of electricity, and waste of scarce skilled labor. The
DPRK’s power sector is badly organized and managed. It cannot operate effi-
ciently due to obsolete equipment and procedures. It is hard to imagine it effec-
tively operating a modern nuclear power plant, let alone two.

Implications for Nuclear Power in the DPRK

From an economic perspective, the DPRK’s priorities for public investment in
increasing energy services obtained from its energy sector probably should be as
follows (in order of most to least important):

1. Improve energy efficiency in end uses, especially in large and centralized
consumers such as industrial plants and buildings.

2. Reduce energy losses in generation, transmission, and distribution in the
existing power system.

3. Increase the quality and quantity of domestic energy resources (coal and
water storage).

4. Provide new energy service capacity based on integrated, least-cost power
planning that puts marginal supply options on an equal footing with mar-
ginal end-use efficiency options.

5. Construct new generating capacity as needed after all the above priorities
have been achieved.

This analysis suggests that constructing a nuclear power plant in the DPRK is
likely to be a high-cost, low-priority way to fulfill energy demands. The demon-
stration effect of the Japanese and South Korean nuclear power programs makes
it difficult to argue this case effectively with North Koreans—but the fact that
these two countries have overinvested in a costly energy option should not
disguise the fact that the DPRK can ill afford to waste money on a nuclear power
plant when many other options exist to supply energy services at far lower cost,
faster, and with less risk. Indeed, continuing to divert a large fraction of North
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Korea’s scientific and technological talent to a nuclear power program may
significantly worsen the chronic and pressing problems of the conventional
power sector described above.

Technical Problems Associated with the Transfer of LWR Technology

In addition to the opportunity cost of foregone energy services that nuclear
power plants would impose on North Korea’s economy, such plants would also
pose formidable technical challenges, including maintaining system reliability,
following load patterns with a base-load plant, safe operation, delay, and timing.

A nuclear power plant might also be technologically ill suited for the DPRK
power system. First, it is unclear whether a 1—gigawatt electric plant at Sinpo (or
elsewhere) would be small enough not to threaten the power system’s stability
(crudely, no generating unit should exceed more than about 1020 percent of the
total system capability—or the available system reserve—or the operation of the
whole system may be threatened due to unexpected outages).3> Detailed review
of the DPRK transmission system would be necessary to answer this question.
Inspection of Table 3.4, however, indicates that the DPRK barely meets the
reliability criterion—assuming that its total actual generating capacity of 10,000
megawatts electric feeds into one national, highly interconnected transmission
grid. Conversely, by the time that the DPRK might bring an LWR on-line, the
grid might have grown enough to accommodate a large LWR.

Second, a nuclear power plant is usually operated as a base-load plant and
cannot be quickly powered up and down to follow peak demand cycles. Ascer-
taining whether a nuclear power plant would be technically appropriate in rela-
tion to demand patterns would require access to data either as yet uncollected, or
not released, by the DPRK government.

Third, it remains an open question as to whether a nuclear power plant could
be operated safely and its output dispatched, given the parlous nature of the
current power operating infrastructure described in the previous section. Admit-
tedly, it would take five to seven years (if South Korea were to be the supplier
and provide the architect-engineers) before an LWR could be built in the DPRK,
which would provide some time to train power system and nuclear plant opera-
tors. Nonetheless, the status of the current power system does not inspire confi-
dence that safety and operational objectives would be achieved in a DPRK
nuclear power program. Attempting to operate an LWR in the DPRK will pose
an environmental threat to domestic populations as well as to neighboring states
already sensitive to radioactive fallout issues in the aftermath of Chernobyl and
Russian radioactive waste dumping in the Sea of Japan.

Fourth, transferring two LWRs will take years—many years. The tasks of
financing, site selection, power system upgrade, fuel cycle infrastructure, fuel
supply contract, technology supply and architect-engineering contracts, training
of operators and technicians, and actual construction and testing will all have to



44 PEACE AND SECURITY IN NORTHEAST ASIA

Table 3.4

Relationship between installed Capacity and Size of Plant
(in megawatts electric)

Installed Capacity Must Be at Least To Accommodate a Single Plant of
850 MWwe 100 Mwe
3,300 MWwe 300 MWe
9,200 MWe 600 MWe
20,000 MWe 1,000 MWe

Source: R.J. Barber Associates, LDC Nuclear Power Prospects, 1975-1990:
Commercial, Economic and Security Implications, ERDA-52 US-2, p. 11-8.

be completed before the first LWR will deliver the first kilowatt hour electric
into the North Korean power grid.

A minimum of six years will be required, including one year to set up the deal
and five years to construct an LWR.3¢ Given the difficulties of building a nuclear
power plant in North Korea, where there exist basic legal and administrative
barriers to the operation of foreign firms and in which the economic infrastruc-
ture is so poorly developed that an architect-engineering firm will have to import
virtually all supplies and much of the requisite skilled labor force, a more reason-
able estimate of the time to complete the plant might be eight to ten years.

Critical Issues Regarding the Transfer of LWR Technology

Thus far in this chapter, I have: (1) described the emergence of the LWR transfer
issue in the context of the nuclear weapons issue, (2) compared the relative
proliferation intensity of LWRs relative to an indigenous North Korean nuclear
power reactor, and (3) demonstrated that North Korea probably will incur signif-
icant opportunity costs if it pursues a nuclear power program rather than cheaper
and less risky ways to meet its energy needs.

In this section, I turn to the concern that lies at the heart of the LWR transfer
issue: why did the North Koreans raise this demand, and is it sensible to meet it?
In international meetings, North Korean officials often repeat the slogan, “We
mean what we say, and we say what we mean.” In reality, fathoming the North
Koreans’ intentions has been the most difficult aspect of the past and ongoing
nuclear negotiations, and the LWR transfer issue is no exception.

In sum, the following conclusions can be drawn from the preceding four
sections of this chapter:

» Conclusion I: The North Koreans raised the LWR transfer issue to keep
their options open by defining a face-saving exit from the NPT impasse that they
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had created and to create a battering ram with which to break down the U.S.
closed-door policy on trade, investment, and aid to the DPRK.

e Conclusion 2: An LWR presents marginal advantages over the indigenous
North Korean reactor in terms of relative proliferation intensity, but the critical
issue is the implementation of full-scope safeguards and compliance with NPT
obligations, not the relative technical characteristics of nuclear fuel cycles.

» Conclusion 3: An LWR is probably an expensive way to meet North
Korea’s energy needs and is dubious from an economic perspective.

The North Koreans who make decisions in Pyongyang know these facts and
will have drawn their own conclusions. The corollary of these conclusions is that
they seek primarily to realize intangible benefits such as prestige, the impression
of modernity, and symbols of external recognition of the durability of their rule,
as well as possibly more tangible gains in terms of reopening trade and financial
relations with the external world (see the last section of the chapter).

The critical issue is whether provision of the two LWRs will induce the North
Koreans to dismantle their reprocessing plant and their own reactors as is re-
quired by the Agreed Framework, and whether they will allow full-scope safe-
guards to be implemented. If so, then providing LWRs is a cheap way to
preserve the peace and restore the nuclear nonproliferation order in Northeast
Asia. If not, then the transfer issue is simply a diversion introduced by North
Korea to stall for time while it pursues a nuclear weapons program or seeks other
options.

Indeed, it is noteworthy that the DPRK’s current rulers have no absolute
assurance that they will ever receive an LWR given the long lead times involved.
It follows that however politically important an LWR transfer agreement might
be to ensuring that full-scope safeguards are applied to the DPRK’s nuclear fuel
cycle, the two LWRs cannot substitute for other benefits sought by the regime
that might have an immediate and tangible impact on its survival prospects.
These include negative security assurances (that is, assurances that the United
States will not launch an attack against it), an end to the joint U.S.-ROK Team
Spirit military exercises, and a general upgrading of U.S.-DPRK relations.

By demanding that LWR technology be transferred, North Korea has set a
high price for complying with the NPT. But in doing so, it has at least defined a
specific way to resolve the standoff that proved acceptable to all parties and
against which progress can be measured quite precisely. Striking this deal also
symbolizes that the United States—and, by implication, the rest of the world—
recognizes the political autonomy of the North Korean state.

It is difficult to be optimistic at this late stage in the endgame. North Korea
has barely fulfilled the two conditions to which it agreed in the Agreed Frame-
work. It has done nothing to date to resolve the outstanding issues with the IAEA
and continues to hamper the IAEA conduct of routine inspections.
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Appendix 3.1 Text of U.S.—-DPRK Nuclear Statement

The delegations of the United States of America (USA) and the Democratic
People’s Republic of Korea (DPRK) met from July 14-19, 1993, in Geneva for a
second round of talks on resolving the nuclear issue.

Both sides reaffirmed the principles of the June 11, 1993, joint USA/DPRK
statement.

For its part, the USA specifically reaffirmed its commitment to the principles
on assurances against the threat and use of force, including nuclear weapons.

Both sides recognize the desirability of the DPRK’s intention to replace its
graphite-moderated reactors and associated nuclear facilities with light water
moderated reactors. As part of a final resolution of the nuclear issue, and on the
premise that a solution related to the provision of light water moderated reactors
(LWRs) is achievable, the USA is prepared to support the introduction of LWRs
and to explore with the DPRK ways in which LWRs could be obtained.

Both sides agreed that full and impartial application of IAEA safeguards is
essential to accomplish a strong international nuclear non-proliferation regimes.
On this basis, the DPRK is prepared to begin consultations with the IAEA on
outstanding safeguards and other issues as soon as possible.

The USA and DPRK also reaffirmed the importance of the implementation of
the North—South Joint Declaration on the Denuclearization of the Korean Penin-
sula. The DPRK reaffirms that it remains prepared to begin the North-South
talks, as soon as possible, on bilateral issues, including the nuclear issue.

The USA and DPRK have agreed to meet again in the next two months to
discuss outstanding matters related to resolving the nuclear issue, including tech-
nical questions related to the introduction of LWRs, and to lay the basis for
improving overall relations between the DPRK and the USA.%’
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(Appendix 3.2 continued)
Definition of ranking in factors*

* Quality. The two categories under this heading relate to before and after possible
isotopic enrichment beyond the state in which the material occurs ordinarily in the fuel
cycle. The rankings are: 5 = uranium with U-235 > 90 percent; 4 = uranium with 60
percent < U-235 < 90 percent or U-233 > 40 percent, or plutonium with over 75 percent
fissile isotopes: 3 = plutonium with less than 75 percent fissile isotopes; 2 would be
reserved for uranium with 20 percent < U-235 < 60 percent or 12 percent < U-233 < 40
percent; and 1 would relate to material, such as tritium or uranium with lower fissile
concentrations than those already listed, which can play useful supporting roles in nuclear
weapons but cannot by itself initiate a nuclear explosion.

* Quantity. Here the number of critical masses per 1-GWe reactor per year is the key
to the rankings: 5 = > 100 critical masses (that is less than | percent/yr diversion yields a
‘bomb quantity’ of material); 4 = 30 to 100 critical masses; 3=10t030;2=310 10; 1 =<3.

» Chemical barriers. 5 = fissile material in metallic form and not mixed with effective
dilutant; 4 = fissile material in oxide form and not mixed with effective dilutant; 3 =
plutonium mixed with significant non-fissile uranium; 2 = plutonium mixed with fission
products and non-fissile uranium; 1 = plutonium or uranium-233 mixed with fission
products and thorium.

* Radiological barriers. 5 = radiation levels associated with high-enriched U-235, or
lower; 4 = those associated with various plutonium mixtures; 3 = those associated with
uranium-233 and associated isotopes; 2 = those associated with low-burn-up reactor fuel;
1 = those associated with high-burn-up reactor fuel.

« Detectability. While a more refined indexing scheme could certainly be developed,
only two factors have been considered here: first (from easiest to hardest to de-
tect), whether diversion requires qualitatively new operations (for example, reprocessing
from an otherwise once-through fuel cycle), significant modification of existing opera-
tions (for example, use of an enrichment facility to attain a much higher U-235 percent-
age than for reactor fuel), or simply the redirection of existing process streams (as in
plutonium diversion from a fuel cycle that is already recycling it); and, second, whether
the radiological signature of the material is unusually helpful for monitoring.

*Source: John Holdren, “Civilian Nuclear Technologies and Nuclear Weapons Prolif-
eration,” in C. Schaerf et al., New Technologies and the Arms Race, St. Martin’s Press,
New York, 1989, pp. 182—185; cited by permission of the author.
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U.S.-DPRK Agreed Framework on
Nuclear and Related Issues:
Congressional Testimony

Testimony of Leonard S. Spector,
Carnegie Endowment for International Peace

I am the Director of the Carnegie Endowment’s Nuclear Non-Proliferation Proj-
ect, which has staff and activities in Washington, D.C., and Moscow.

I greatly appreciate the opportunity to testify before the Committee concern-
ing the October 21, 1994, Agreed Framework understanding on nuclear and
related issues between the United States and Democratic People’s Republic of
Korea.

Despite a number of important flaws, I believe this agreement represents an
important step forward for U.S. efforts to eliminate the threat of North Korea’s
acquiring nuclear arms.

Overview

Restrictions on North Korea. As a first step for assessing the accord, it should be
appreciated that the extent to which it will constrain North Korea’s nuclear
activities is quite extraordinary. Under the agreement:

North Korea has agreed to freeze operations at, or construction of, every nu-
clear facility that is of concern to the United States because of its weapon
potential, and this freeze is verified by the International Atomic Energy
Agency (IAEA). The IAEA has indicated that North Korea is currently com-
plying with this undertaking.

53
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North Korea has also agreed that it will not separate plutonium—enough
for four to five nuclear weapons—from the spent fuel it removed last spring
from the five-megawatt reactor at Yongbyon. Again, the [AEA has verified the
status of the fuel, and discussions between North Korea and the United States
indicate that the North is indeed ready to proceed with measures that will make
reprocessing the material unnecessary.

Pyongyang has also agreed that it will ship the spent fuel out of North
Korea and that it will thereafter dismantle all facilities of proliferation concern
to the United States, again under lAEA supervision.

With the exception of the involuntary denuclearization imposed on Iraq after the
1991 Gulf War, there has never been an international agreement that goes so far
to eliminate an emergent nuclear weapons capability.

Phasing of implementation. A particular strength of the agreement lies in its
phasing of the reciprocal obligations it contains. Stated succinctly, throughout
the duration of the agreement the United States (and its friends) will be able to
determine before they act whether Pyongyang is operating in good faith and is
living up to its obligations under the accord.

Under the agreement, for example, we have just provided an initial 50,000
tons of heavy oil to North Korea to compensate it for its projected energy losses
from the shut-down of the five-megawatt reactor at Yongbyon. But before we
took this step, we were able to verify that they had, in fact, frozen their nuclear
program.

We will shortly provide about $10 million in technical assistance for the
long-term storage of the plutonium-bearing spent fuel from that reactor. But
before we do so, we will know that the freeze is continuing and that the North is
willing to store the material rather than reprocess it.

We must next arrange with South Korea and Japan for the sale to North Korea
of the two LWRs [light-water reactors] and arrange with these two countries and
other friends for increased shipments of heavy oil. But again, at each step of the
way, we will know before whether the North is complying with its undertakings.
Similarly, four to six years down the road, before we ship key components for
the LWRs, the IAEA will have to be satisfied that all discrepancies are resolved
concerning North Korea’s initial inventory.

The phasing of the agreement from this point on will be based on the princi-
ple of “simultaneity” rather than on the “taking turns” approach, but the effect
will be the same: we will not be expected to proceed with or complete an action
on our side unless North Korea is proceeding with or completing a reciprocal
action on its side.

Thus as we begin transferring key nuclear components, the North will have to
begin shipping the spent fuel from the five-megawatt reactor at Yongbyon out of
the country, and as we complete the first LWR, they must complete the transfer
of all this material abroad. Thereafter, as our side supplies additional fuel for the
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first LWR and continues construction of the second one, the North must begin to
dismantle its most sensitive nuclear facilities (the gas-graphite reactors,
reprocessing plant, etc.), and as the second LWR is completed, this dismantling
must also be finished. These steps are outlined in Chart 4.1 that I have appended
at the end of my testimony, which highlights this phased approach.

At any stage along the way, if the North ceases to comply with its obligations,
we will hold back further compliance from our end—halting shipments of oil,
transfers of nuclear goods, and construction of the LWRs—while simultaneously
using diplomatic and economic pressure to bring the North into conformity with
its obligations.

At the worst, should the agreement break down at some point in future years,
we and our friends will still have enjoyed a period of reassurance during which
we could be confident that the DPRK was not rapidly enlarging its stockpile of
separated plutonium, as it undoubtedly would have done in the absence of the
Agreed Framework.

At best, we will enjoy such reassurance for many years and will ultimately
see the dismantlement of a very dangerous nuclear-weapons program.

Flaws—and Compensating Factors

The agreement is not without its drawbacks, however. The most serious is that it
postpones the IAEA’s ability to resolve uncertainties about the DPRK’s past
production of plutonium and, thus permits Pyongyang to retain whatever mate-
rial it may now have, possibly enough for one or two nuclear devices. The
agreement also fails to penalize the North for its bald refusal to permit the
special inspections that the agency has sought since the fall of 1992 and for its
blatant disregard of agency procedures during the May—June 1994 defueling of
the five-megawatt reactor at Yongbyon.

There is no denying that these are unfortunate aspects of the Agreed Frame-
work.

It is important, however, to realize that compliance with IAEA rules is not an
end in itself. Rather it is a means to an end, namely that of retarding the spread of
nuclear weapons. The Agreed Framework has weaknesses on the IAEA side of
the ledger, but other non-proliferation restrictions that it imposes more than
compensate for these.

In particular, the Agreed Framework’s unusual restrictions on North Korea go so
far beyond the normal requirements of the Nuclear Non-Proliferation Treaty (NPT).

Under the NPT, states are permitted to build and operate any type of nuclear
plant, no matter if they are optimized for the production of material for nuclear

weapons, as long as they are subject to inspection. But under the Agreed
Framework, North Korea is required to freeze and then dismantle facilities that
we believe are intended for weapons purposes.
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Under the NPT, states are permitted to separate and stockpile plutonium,
again, as long as it is kept under IAEA safeguards. But under the Agreed
Framework, the North has agreed not to reprocess spent fuel that it now pos-
sesses and to dismantle its reprocessing facility at Yongbyon.

As for the IAEA, although it is prevented from implementing special in-
spections for a number of years, it is given added responsibilities under the
Agreed Framework that go well beyond its normal duties. Specifically, it is
called upon to verify the freeze and dismantling called for by the agreement, as
well as the shipment out of North Korea of existing stocks of spent fuel. Thus
while the agreement deals a blow to the agency’s prestige in one respect, it
bolsters the agency in other ways.

It should also be stressed that the IAEA has played a crucial role in creating
the circumstances that led to the unusual restrictions on North Korea embodied
in the Agreed Framework. It was the IAEA’s identification of discrepancies in
North Korea’s initial inventory and the agency’s dogged pursuit of the matter
that brought the issue to the United Nations. This led to the very real threat of
economic sanctions that, in turn, ultimately brought Pyongyang to accept the
extraordinary restrictions in the Agreed Framework. What we have seen is the
agency successfully fulfilling its mission, serving as the trigger for a very power-
ful international response to a new threat of proliferation. Should similar circum-
stances arise in another instance, the country at issue—looking back at the
agency’s behavior in the case of North Korea—would have added reason to fear
that the agency would discover any activities violative of the IAEA/NPT system
and that it would be able to galvanize a potent reaction from the international
community.

Let me now attempt to address three recurrent questions about the Agreed
Framework.

1. Are the LWRs that will be provided to North Korea by South Korea and
Japan more “proliferation resistant” than the gas-graphite reactors North
Korea will be dismantling;

2. Isthe Agreed Framework a dangerous precedent; and

3. Can the North Koreans be trusted?

1. Are LWRs more “proliferation resistant” than the gas-graphite reactors?

The answer is, “Yes.” The LWRs North Korea will be receiving are considerably
less likely to contribute to proliferation than the gas-graphite units it now has or
is building because of timing, political, and technical factors.

Timing factors. First, the most important non-proliferation feature of the
LWRs is that they do not yet exist. It will be ten years before the first comes on
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line and even if at that juncture they posed a proliferation risk that were compa-
rable to that presented by North Korea’s gas-graphite reactors, we would still be
much better off since we would have enjoyed a decade during which the threat of
North Korea’s obtaining a substantial nuclear arsenal would have been greatly
reduced.

Political factors. Second, there will be important political restraints on the
LWRs that do not exist in the case of the gas-graphite units, restraints that will
substantially reduce the risk that the new reactors will be misused. The reactors
will be built, and North Korean operators will be trained, for example, with the
assistance of South Korean, Japanese, and possibly, U.S. engineers and techni-
cians. It is inevitable that some of these foreign specialists will continue to work
with the North Koreans to help run the plants after they are built, as is traditional
in other nuclear electric power plant transfers to developing countries; indeed the
presence of such foreign technicians will be essential to the smooth running of
the facilities. This will be an important added safeguard against the misuse of the
plants.

An additional political restraint stems from the fact that the reactors must be
fueled with low-enriched uranium, which North Korea cannot produce. Thus fuel
will have to be provided by a foreign supplier, with Japan probably the most
likely candidate. Significantly, the fuel supply contract will permit the seller to
establish clear rules about the future disposition of that fuel, including a prohibi-
tion on reprocessing the material ana/or a requirement that it be transferred out
of North Korea. The fuel supply contract thus provides a mechanism for enforc-
ing the North’s commitment not to build reprocessing or enrichment plants con-
tained in the February 1992 Declaration on the Denuclearization of the Korean
Peninsula that it signed with South Korea.

Equally important, the fact that fuel must be supplied from abroad will permit
the United States and its friends to freeze fuel supplies at the earliest sign of
improper activities involving the LWRs. In contrast, the North’s gas-graphite
reactors use indigenously produced fuel, providing no leverage for the United
States and its friends.

At a broader—and potentially far more important level—it is also to be hoped
that in ten years’ time, the DPRK will be far more tractable and reliable than it is
today, because of the political and economic openings it will have made to the
outside world and to South Korea, in particular. This would further reduce the
proliferation potential of the LWRs.

Technical factors. Finally, the LWRs are more proliferation resistant on tech-
nical grounds. To begin, as the Administration has stressed, fuel from gas-graph-
ite reactors consists of uranium metal pellets that are inserted into tubes of
magnesium-oxide alloy. The “magnox” fuel cycle assumes that this fuel is to be
reprocessed soon after it is discharged from the reactor in order to extract its
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plutonium; thus magnox fuel is not designed to remain in long-term storage in
reactor cooling ponds and will disintegrate into dangerous radioactive rubble
unless extraordinary precautions are taken. (We are currently assisting the North
Koreans to take such measures in an effort to maintain the 8,000 fuel rods that
were discharged last spring from the five-megawatt reactor at Yongbyon.)

LWR fuel, in contrast, consists of uranium oxide pellets sheathed in zirco-
nium alloy tubes that can remain in storage indefinitely and need never undergo
reprocessing. Thus LWRs are more “proliferation resistant” than gas-graphite
reactors because they do not envision the separation of weapons-usable nuclear
material, while gas-graphite reactors normally lead to technical circumstances
that propel the reactor operator towards the acquisition of that material—and
provide a convenient, seemingly legitimate rationale for doing so.

An additional factor that makes LWRs more proliferation resistant is that
reprocessing LWR spent fuel to obtain plutonium is considerably more complex
than reprocessing spent fuel from gas-graphite reactors. Currently the Yongbyon
reprocessing plant cannot handle LWR fuel. This means that if the North Ko-
reans were to abrogate the current agreement, say one year after the first LWR
came on line but before the Yongbyon reprocessing plant had been dismantled,
they would not be able to obtain plutonium for perhaps twelve to eighteen
months, providing a critically important opportunity for diplomacy and sanctions
to attempt to reverse their abrogation decision. In contrast, if the North were to
complete the two gas-graphite reactors now under construction and later abro-
gated a pledge not to extract plutonium, it could start separating the material
immediately at its existing reprocessing facility.

Contingent danger vs. immediate threat. There is one aspect of the LWRs that
will, however, make them more dangerous from the standpoint of proliferation than
the gas-graphite units, and that is their size. The LWRs will have a combined
capacity of 2,000 megawatts (electric) in contrast to the 255 megawatts (electric) of
the gas-graphite reactors. This means that the LWRs will inevitably produce far
more plutonium in their spent fuel than the gas-graphite reactors would have.

By the time that plutonium will be produced in significant quantities in the
LWRs, however, the North will no longer have a facility in which to separate the
material, since the existing reprocessing plant at Yongbyon must be dismantled
by the time the second LWR comes on line. This will be one or two years after
the first LWR begins operating, at which point the North will have accumulated
only one or two years’ worth of spent LWR fuel from that first unit. If the
Yongbyon reprocessing plant has not been dismantled as required under the
Agreed Framework, no new fuel will be provided for either of the LWRs. And,
should an impasse be reached at this juncture, as noted above, the existing
reprocessing plant would not be equipped to handle spent LWR fuel, a factor
which would provide the opportunity to resolve the crisis through diplomacy,
sanctions, or even military action.
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As the years go by, large quantities of plutonium-bearing spent fuel will, of
course, accumulate as the LWRs operate. However, unless the North is able to
build a major reprocessing plant totally in secret, there should be ample warning
before it could begin to extract the plutonium from the spent fuel for bombs.
(Construction of such a plant, it may be added, would violate the February 1992
North South Declaration on the Denuclearization of the Korean Peninsula.)

Admittedly, the risk that North Korea might be able to build a clandestine
reprocessing facility cannot be completely ruled out, nor can we rule out the
possibility that some day it might abrogate all of its agreements and openly build
a new plant in which it might then reprocess illicitly seized LWR spent fuel.
However, these distant contingencies, against which we will have many safe-
guards (including confinual IAEA monitoring of the LWRs), must be balanced
against the far more immediate and certain threat posed by the gas-graphite
reactors, the existing accumulations of spent fuel, and the existing reprocessing
plant at Yongbyon—the threat that will be eliminated by the Agreed Framework.

On balance, therefore, taking all of the foregoing factors into account, I be-
lieve that the LWR versus gas-graphite reactors trade-off in this case is one that
significantly enhances the security of the United States and its allies.

2. Is the Agreed Framework a dangerous precedent?

As suggested earlier, there is no question that some aspects of the Agreed Frame-
work are disadvantageous to U.S. non-proliferation goals. The key point to bear
in mind, however, is that the North Korean case is unique and the precedent set
by the Agreed Framework is very complex and ambiguous. Only if similar
circumstances presented themselves once again would the agreement have strong
precedential value.

The case of Iran, for example, is very dissimilar from that of North Korea.
Tehran argues that if the United States and its Western allies are willing to sell
LWRs to North Korea even though that country is not in compliance with its
TAEA obligations, then the United States and its friends cannot reasonably refuse
to sell such reactors to Iran, which is fully complying with the IAEA’s strictures.

To become eligible for the LWRs, however, North Korea will have to comply
with IAEA rules; moreover, it will also have to go far beyond them by freezing and
dismantling sensitive nuclear plants, foregoing reprocessing, shipping spent fuel out
of the country, etc. Iran has not offered to accept comparable restraints, and, in the
view of U.S. officials, its continued pursuit of a program to develop nuclear arms
should therefore disqualify it from receiving civilian nuclear transfers.

Some opponents of the Agreed Framework argue that it also sets the unfortunate
precedent of “paying off” a would-be proliferant to gain its compliance with its
international obligations. Again, however, the North is not receiving economic re-
wards merely for complying with the requirements of the IAEA and the NPT; it is
accepting restrictions on its nuclear affairs that go far beyond what these require.
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Whether the United States and its friends should ever offer rewards for the
acceptance of nuclear restraints, no matter how sweeping, is a larger question. Here,
it is by no means clear that the North Korean case is actually setting a precedent or
that if it were, it would be a bad one. Indeed, we have used this very approach in
another context with considerable success, spending heavily to assist Russia,
Belarus, Kazakhstan, and Ukraine to dismantle strategic nuclear systems and provid-
ing significant economic assistance in many cases to sweeten the deal. In this con-
text, we consider such expenditures to be a wise investment for U.S. national
security. It also appears that we would be prepared to restore hundreds of millions in
economic aid to Pakistan if it partially rolled back its nuclear weapons program—ac-
cepting restrictions far more limited than those accepted by Pyongyang.

The Agreed Framework also sets a precedent for the IAEA. As argued above,
however, while the agency’s right to pursue special inspections will not be
vindicated for a number of years, the agreement enhances its stature in other
respects because the agency is being given added monitoring responsibilities in
North Korea and because it has shown itself to be effective in triggering a
powerful international response to violations of non-proliferation norms.

3. Can the North Koreans be trusted?

Ultimately, if the benefits of the Agreed Framework are to outweigh its flaws,
they must be implemented, and this will depend on North Korea’s behavior.

The agreement is not based on trust, however; it is based on performance. As
I stressed at the outset of my testimony, each step of the way, the North Koreans
will have to meet their obligations before we are required to meet ours. So far,
they have done so.

Moreover, if at any point the agreement breaks down, we will still have been
better off for having had it in place until that time because of the freeze it
imposes on North Korea’s most disturbing nuclear activities.

If we are lucky, the dialogue that the agreement fosters between North Korea
on the one hand and the United States, South Korea, and Japan on the other will
help to open the North to the outside world and create added incentives for it to
moderate its behavior not only in the nuclear area but also with respect to missile
development and sales. These may prove to be added benefits of the accord.

But even if relations remain tense, as long as North Korea continues to per-
form, U.S. national security and global efforts to curb the spread of nuclear
weapons will be enhanced by our performing our side of the bargain.

Conclusion
In sum, I believe that the Agreed Framework, despite its flaws, is advantageous

for the United States and bolsters global efforts to curb the spread of nuclear
arms. I therefore believe it deserves support.
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Chart 4-1

Overview of Reciprocal Nuclear Obligations under October 21, 1994,
U.S.-DPRK “Agreed Framework”

Period North Korean Obligations U.S. and Allied Obligations
Step ta: FREEZE OPERATION AND
October 1994~ CONSTRUCTION of all weapons-
January 1995 oriented nuclear facilities and permit
|IAEA verification of freeze.

Maintain spent fuel from five-megawatt
reactor at Yongbyon without
reprocessing (plutonium separation.
(Retains possible undeclared inventory
of plutonium.)

Step 1b: SUPPLY 50,000 TONS HEAVY OIL;

January 1995 initiate discussions with allies on
construction of two LWRs in DPRK.
SUPPLY TECHNICAL ASSISTANCE to

support preservation of fuel.

Step 2a: Four to six CONTINUE VERIFIED FREEZE on

years following date operations and construction;

of agreement (from CONTINUE PRESERVATION OF

early October 1994 to SPENT FUEL.

1999/2001 Retains possible undeciared

inventory of plutonium.)

Step 2b: Arrange for increasing SUPPLY OF
HEAVY OIL UP TO 500,000 TONS/YEAR.
Arrange with KEDO for sale of two
LWRS to DPRK; BEGIN
CONSTRUCTION; no NSG-list
components to be provided; negotiate
U.S.-DPRK agreement for nuclear
cooperation (before start of 3b)
Continue supplying up to 500,000 tons
of heavy oil annually.

Step 3a: Four to six PERMIT IAEA FULL ACCESS

years from date of (including special instructions) to

agreement resolve all outstanding questions,

(1999-2001) including discrepancies in initial

DPRK inventory.
Place any previously undeclared
plutonium under IAEA inspection.

Step 3b: BEGIN TRANSFER OF NUCLEAR
SUPPLIERS GROUP-LIST components.
Continue supplying up to 500,000 tons

of oil annually.
Step 4a and 4b: BEGIN SHIPMENT OF SPENT FUEL CONTINUE TRANSFER OF NSG-LIST
19992001 to 2005+ from five-megawatt reactor OUT COMPONENTS
Simultaneous, reciprocal OF DPRK. CONTINUE CONSTRUCTION OF
staps: U.S. action to take Continue verified freeze and full TWOLWR'S
place as DPRK action IAEA access Continue supplying up to 500,000 tons
takes place of oit annually.

Step 5a and 5b: 2005+ COMPLETE REMOVAL OF SPENT FUEL COMPLETE START UP LWR #1 (and
Simultaneous, reciprocal  from five-megawatt reactor DPRK provide initial fuel)

steps: U.S. action to take BEGIN DISMANTLING of sensitive Continue supplying up to 500,000 tons
place as DPRK action nuclear plants of oil annually
takes place Continue verified froeze and fuil IAEA

access
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Chart 4-1 (continued)

Period North Korean Obligations U.S. and Allied Obligations
Step 6aand 6b: 2006+  COMPLETE DISMANTLING of COMPLETE LWR #2; LWR #2 BEGINS
Simultaneous, reciprocal  sensitive nuclear plants OPERATING
steps: U.S. action to take PROVIDE INITIAL FUEL FOR LWR #2
place as DPRK action PROVIDE ADDITIONAL FUEL FOR
takes place LWR #1
Step 7a: 2006+ Continue full IAEA access;

begin/continue barter payments

for LWRs
Step 7b: PROVIDE ADDITIONAL FUEL for both

LWRs.

DPRK = Democratic People’s Republic of Korea
ROK = Republic of Korea

NSG = Nuclear Supplier’s Group

IAEA = International Atomic Energy Agency
LWR = Light Water Reactor
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5
Engaging the DPRK Economically

Mark ]. Valencia

North Korea’s angling for foreign investment and diplomatic recognition may be
the silver lining in the dark cloud of pessimism surrounding the North Korean
nuclear controversy. The nuclear issue remains a significant obstacle to im-
proved relations between North Korea and the United States, as well as the rest
of the region. The United States has oscillated between using disincentives such
as sanctions and limited cooperative measures as embodied in the Agreed
Framework to persuade North Korea to abandon its apparent drive for a nuclear
weapon. It is appropriate to examine whether expanded political and economic
cooperation should be used to facilitate the implementation of the Agreed
Framework. The seemingly reform-minded economists in North Korea’s Minis-
try of External Economic Relations' should not be seen as anything other than
loyal functionaries doing the bidding of the supreme leadership. However, if
an economic incentive portion of U.S. policy pays dividends, the status of the
reformers may be strengthened and North Korea will have gained confidence
to expand such cooperation with its neighbors. Moreover, such economic
cooperation may ease any eventual transformation of the economy. The ap-
proach might be one of step-by-step rewards for positive progress in political
relations.

It should be remembered that prior to the surfacing of the nuclear issue, the
general trend was toward an incipient economic opening of North Korea and an

This chapter is based on a longer manuscript prepared for Nautilus Pacific Research
under a grant from the Rockefeller Foundation. I would like to acknowledge the helpful
comments of Peter Hayes and Lyuba Zarsky of Nautilus Pacific Research and Chon
Soohyun, Charles Morrison and especially Zha Daojiong of the East-West Center.
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improved political relationship with the United States, Japan, and—most dramat-
ically—South Korea. Indeed, there is an influential school of thought in South
Korea that believes that Pyongyang’s fundamental attitude is gradually becom-
ing more positive and that to enhance long-term regional security, North Korea’s
tentative economic opening should be supported. This is consistent with a com-
mon Asian perspective that to change a society one must engage it and influence
it through a wide spectrum of multilateral initiatives. And it was only in Novem-
ber 1993, at the Seattle Asia—Pacific Economic Cooperation (APEC) meeting,
that President Clinton dreamed of *“a Korean Peninsula that no longer braces for
war . . . a region where . . . security and stability are assured by mutual strength,
respect and cooperation; a region in which diverse cultures and economies show
their common wisdom and humanity by joining to preserve the glory of the
Pacific environment for future generations.” As Clinton concluded, “such goals
extend beyond tomorrow’s agenda. But they must not be beyond our vision.”
Solutions to Northeast Asian regional issues may be sought through a series of
concentric arcs: the immediate parties, the most intensely interested external
nations, and the regional or international organizations that can exercise influ-
ence or offer assistance.* Present trends provide an unequaled opportunity to
think boldly and to be innovative about solutions in general and about regime
building in particular.

Northeast Asia and the North Pacific are still almost unique for their lack of
regional institutions.’ This impoverishment reflects the conflicts among the gov-
ernments in the region, particularly the divided countries—Korea and China—
which create enormous problems of membership. There is, however, a gradual
development of a thin net of regional institutions covering the region in the
economic, the environmental, and to a lesser degree, the political arena, but
within a broader Asia-Pacific framework. Indeed, a very “soft” regionalism
may be emerging—associations that lack organizational structure but instead are
based on the flow of capital, technology, goods, and people across ideological-
political boundaries. The region is also affected by several emerging global
trends—economic regionalism, the growth of natural economic territories
(NETs),” and regional cooperation on environmental protection and on im-
plementation of the provisions of the Law of the Sea Convention.

Multilateral organizations in the Asia—Pacific region have increased from
nearly nil in the 1940s to more than seventy in the 1980s, including the quasi-
governmental Pacific Economic Cooperation Council (PECC) and the Asia—Pa-
cific Economic Cooperation grouping.® In earlier years, Asia—Pacific regional
organizations largely originated outside the region to assist in the development of
nations within the region. Indeed, the region previously obtained and maintained
what cohesiveness it had through bilateral arrangements between smaller states
and their protectors—especially the United States. More recently, the impetus to
establish regional organizations has originated much more often from, and has
been directed by, the nations within the region as self-help initiatives. This
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regional multilateralism is relatively new to Asia, and more regional “self-help”
associations can be expected.

If the current impasse can be resolved peacefully, the general dissipation of
Cold War tension and the incipient trends toward multilateralism in Northeast
Asia present opportunities for involving North Korea in regional regimes. To
build confidence and experience in the norms of behavior in international soci-
ety, efforts to engage North Korea should begin now in relatively innocuous
fields such as environmental protection and economic development. Thus, the
United States, Japan, and South Korea should be ready to reach beyond symbol-
ism to specifics in the event of progress in the resolution of the nuclear impasse.
But what particular initiatives are of interest and immediate relevance to North
Korea—and what specifically should the United States, Japan, and South Korea
be prepared to do to encourage North Korea’s participation?

The sweeping reform in former communist countries has isolated North
Korea—both politically and economically.® Its GNP decreased by 5.2 percent in
1991 and by 7.6 percent in 1992. Food and energy shortages have spread.
Pyongyang has publicly acknowledged that its survival depends on gaining for-
eign exchange and technology and is thus striving to rebuild its trade relations
severed by the breakup of the USSR.

Before the nuclear issue heated up, North Korea was pushing for better rela-
tions with South Korea, Japan, and the United States. Indeed, desirous of Japan-
ese yen, North Korea had begun to negotiate colonial reparations of $US 5
billion from Japan. And South and North Korea had agreed on reconciliation,
nonaggression, and exchanges and cooperation. For example, discussions with
South Korean Daewoo Chairman Kim Woo Choong focused on setting up light
industrial plants in Nampo, building a gas pipeline from Yakutia to South Korea,
using North Korean labor on Daewoo’s overseas projects, and constructing road
and rail links between the two.

In December 1992, a major party and cabinet change politically reaffirmed
North Korea’s policy of a limited accommodation with these countries and a
cautious economic opening. The new leaders are more moderate and internation-
alist than their predecessors.'? A revised constitution has added clauses encour-
aging joint ventures, guaranteeing the rights of foreigners, and establishing a
basis for expanded ties with capitalist countries. And North Korea has now
promulgated laws on foreign investment, joint ventures, and foreign enterprises,
allowing 100 percent foreign ownership.

It has also moved forward with plans for a free-trade zone in the Rajin-
Sonbong area and a free-trade port in Chongjin, as well as with infrastructure
development for its portion of the Tumen River Area Development Program
(TRADP). Jilin Province of China has agreed to invest in and jointly use
Chongjin Port.!! North Korea has thus embarked on an ever so tentative program
of economic reform. Nevertheless, any economic opening is likely to be gradual
and tempered by ideological and social discipline.
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Economic Cooperation

The emergence of NETs or proposed NETSs in Asia is one consequence of the
amelioration of political and ideological tensions. Indeed, the very concept of a
NET implies (at least in Northeast Asia) the existence of significant previous
political barriers to interaction. This cross-border utilization of economic com-
plementarities for rapid growth in trade, investment, technology transfer, and
division of labor can be spontaneous and driven by private enterprise such as the
“Greater China” NET—Hong Kong, Taiwan, and southern China. Others are
largely the result of governmental or negotiated intergovernmental initiatives
designed to combine the distinct labor, capital and natural resource endowments
of adjacent subregions. In Northeast Asia, a broad NET may be emerging that
includes northern and western Japan, the Russian Far East, Manchuria, North
and South Korea, and Mongolia.!2

North Korea is already involved in two regional economic activities:

1. The Northeast Asia Economic Forum'>—a nongovernmental organization
devoted to facilitation of research, dialogue, and dissemination of informa-
tion on economic cooperation in Northeast Asia

2. The Tumen River Area Development Project!—an international free-trade
zone at the trijunction of Russia, North Korea, and China that proposes to
combine complementary factor inputs such as Russian and Mongolian re-
sources, Chinese and North Korean labor, and Japanese and South Korean
capital, technology, managerial expertise, and markets

Scholars have proposed two other approaches that might include North
Korea;

1. An Association of Northeast Asian Economies'>—a loose association of
province-level officials and their relevant staff to discuss the “rules of the
game,” regional product standards, and cross-border infrastructure develop-
ment plans and thus help close the information gap constraining regional
decision making

2. A Northeast Asia Development Bank'® (much more of a reach)—a region-
ally focused institution that would finance or arrange for financing of infra-
structure and “start-up” projects, and upgrade financial capabilities while
functioning as a clearing union

A long laundry list of sectoral projects has also surfaced: monitoring and
management of labor flows,!? transportation and communication infrastructure
projects that would enhance economic cooperation,!® a mechanism to improve
shipping safety,!® and management of air traffic.20 In the energy sector, a North-
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east Asia Energy Consortium?' could promote a consensus cn energy saving,
diversification of supplies, integration of networks, nuclear safety, and environ-
mental protection. It could also enhance security of energy supply and demand,
examine the feasibility of large transnational energy projects, and help transfer
technology and know-how.

With a further relaxation of political tension, joint ventures between North
and South Korea or Japan might be possible for petroleum exploration, produc-
tion, and refining.22 North Korea’s economy is faltering, and it is desperate for
energy. Problems in the energy sector include institutional weakness, an ill-de-
fined energy policy, regular bottlenecks and poor quality of fuels, and ineffi-
ciency of energy supply to the end user. North Korea’s annual energy
consumption has been about 42 million tons of oil equivalent (TOE), between
1990 and 1993 with coal contributing 75 percent and oil about 10 percent. In
1990, coal production was sharply reduced to 23.1 million TOE due to flooded
mines. At the same time, North Korea’s oil imports fell from 3.3 million tons in
1989 to 2.5 million tons in 1990 and 1991, due to cutbacks in Russian exports. In
1991, the supply again dropped sharply, as Russia cut its supply by more than 90
percent and demanded hard currency for what was delivered. A further shock
was China’s demand for hard currency in exchange for oil for civilian use.
Electricity production decreased in 1990 to half that in 1989, and in 1991,
industries were operating at only 40 percent of capacity.

South Korea and Japan have the technology and equipment to explore and
exploit offshore oil, as well as surplus refining capacity, but they have little or no
petroleum resources. North Korea has some oil and gas potential off both coasts
but has little or no capability to explore, exploit, or refine it. Although both
South Korea and Japan have supposedly secure far-flung sources of supply, they
would prefer for economic and strategic reasons to have a source of energy close to
home. The parties could make a deal: South Korean and Japanese expertise to
develop North Korean natural resources. This not only makes economic sense but
would be a tangible expression of both sides’ oft-expressed desire for closer ties.

The February 1992 nonaggression declaration between North and South
Korea provides for joint development of resources and cooperation in science
and technology. Joint oil exploration and development is logical for North
Korea, which needs energy, sophisticated drilling equipment, expertise, and
technological know-how. And South Korea may benefit by obtaining energy
while enhancing rapprochement.

Cooperation in Environmental Protection

Regional environmental cooperation is a “growth industry” in Northeast Asia.
The 1992 Earth Summit, officially known as the United Nations Conference on
Environment and Development (UNCED), brought environmental awareness to
the highest levels of government.?3 In its aftermath, China, Japan, South Korea,
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and even North Korea have been busy establishing new institutions, commis-
sions, agencies, and regulations to enhance environmental protection. Even be-
fore UNCED, transnational issues—both global and regional—had begun to
receive renewed attention, and the necessity of cooperation on issues such as
acid rain, transportation and dumping of toxic wastes, marine pollution, and
ecosystem and fisheries conservation had become obvious.2* The motives and
rationale for these initiatives may be broader than concern for the environment.
By calling attention to relatively politically benign but mutually threatening
environmental issues, states can sometimes achieve broader objectives. Indeed,
although marine environmental protection is a peripheral issue in relations
among the Northeast Asian coastal states, negotiations on environmental ques-
tions may permit parties to avoid more controversial issues such as jurisdictional
or fisheries disputes by agreeing to, for example, joint contingency plans for
cleaning up an open-ocean oil spill, regardless of where it is.25 Provisional agree-
ment on environmental issues can also improve the atmosphere for further dis-
cussion of more difficult questions in other spheres.

North Korea has recently begun to show more interest in environmental mat-
ters, particularly after it was revealed that the former Soviet Union had dumped
nuclear submarine reactors in its claimed waters and that Japan regularly dis-
poses of nuclear waste there.2¢ Indeed, the news that the former Soviet navy
dumped eighteen decommissioned nuclear reactors and 13,150 containers of
radioactive waste from 1978 to the present, most of it in the Sea of Japan, created
an uproar in the world environmental community. It particularly jolted nuclear-
sensitive Japan and South Korea and even drew a rare comment from North
Korea. Adding fuel to the fire, a Russian naval vessel dumped nearly a thousand
tons of low-level waste in the Sea of Japan shortly after Russian President Boris
Yeltsin’s visit to Japan.

Japanese ex—Foreign Minister Tsutomu Hata wamed his counterpart Andrei
Kozyrev that if Russia proceeded with its plans to dump another 900 tons of
similar waste, “the foundation of a new Japan-Russia relationship . . . will crum-
ble.” But in a stunning case of the “pot calling the kettle black,” Japanese
Science and Technology Agency Chief Satsuki Eda admitted that Tokyo Electric
Power Company dumps ten times more radioactive waste each year into the Sea
of Japan than the 900 tons dumped by the Russian navy.

South Korea strongly protested the dumping by both countries. But Russia
subsequently announced that it will have to continue to dump such waste be-
cause it has no place to store the liquid waste on land. North Korea severely
criticized Russia for posing a threat with both nuclear arms and radioactive waste
dumping while “having the cheek” to press North Korea to accept nuclear in-
spections.?’ Although it may have little direct connection to environmental pro-
tection, North Korea has also been diplomatically active in seeking to halt
Japan’s transport of its irradiated and other nuclear materials to and from Europe
using both geographic and ecological arguments.
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Although most scientists agree that the dumped waste constitutes no immedi-
ate threat to the environment or humans, the longer-term effects are unknown,
particularly after the containers corrode. Regardless of the facts, consumers may
avoid marine products taken from the Sea of Japan. Indeed, the fisheries union in
Hakodate said it feared consumers would boycott their squid, a favorite delicacy
in Japan,

This shock may be the critical spur needed to forge cooperation in marine
environmental protection among the coastal countries. The initial report of Rus-
sian dumping has prompted cooperation to deal with this specific issue at hastily
arranged bilateral Japan/Russia meetings of relevant ministers and experts, pro-
posals for joint South Korea/Japan/Russia surveys at specific dump sites, and a
call by Japan for an international cooperative fund to help Russia treat its nuclear
waste. North Korea even offered to host an international seminar on regimes for
pollution control.?8

The Law of the Sea Convention heralds a new era of transnational rule mak-
ing regarding national rights and responsibilities in the oceans and serves as a
framework within which nations exercise these rights and fulfill their responsi-
bilities. It has now been ratified by the sixty countries necessary to bring it into
force in November 1994.%° But when all countries surrounding the Sea of Japan
have exercised their treaty rights by extending their jurisdiction to 200 nautical
miles, there will be several areas where claims overlap. And pollutants at sea are
easily transported across lines drawn on a map. Recognizing this fact of nature,
Article 122 of the convention calls for states bordering semienclosed seas like
the Sea of Japan and the Yellow Sea to cooperate with each other in the im-
plementation of various treaty provisions. The venue for addressing issues of
ocean law and policy is thus moving from the global to the regional level as
nations within regions such as Northeast Asia recognize that global standards
and regimes may not adequately address their special circumstances of physical
geography, uses, or policies. These factors are leading to an incipient marine
regionalism and maritime regime building in Northeast Asia.

Ongoing regional cooperative environmental initiatives that involve North
Korea include the following:

» The United Nations Environment Program’s Northwest Pacific Region Ac-
tion Plan (UNEP/NOWPAP)* for the wise use, development, and management
of the coastal and marine environment. This project has stalled due to consider-
able wrangling over the plan’s priorities and the allocation of its costs and
responsibilities, and thus needs to be strengthened.

¢ The United Nations Development Program/Global Environmental Facility
(UNDP/GEF) Program on Prevention and Management of Marine Pollution in
East Asian Seas,?! which includes China and North Korea in its efforts to support
the participating governments in the prevention, control, and management of
marine pollution at both the national and regional levels. The GEF plans to spend
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$400,000 per year in North Korea. And North Korea is particularly interested in
participation in the proposed network of information management and marine
pollution monitoring centers and wants assistance to upgrade the equipment and
facilities of its West Sea Oceanographic Research Institute.

¢+ The Intergovernmental Oceanographic Commission’s Subcommission for
the Western Pacific (IOC/WESTPAC),32 which defines regional problems, im-
plements programs for regional marine scientific research, and facilitates re-
gional exchange of scientific data, training, and education.

« The Northeast Asian Environment Program,’* which promotes frank inter-
governmental policy dialogue on environmental problems of common concern to
the region as a whole, information sharing, joint surveys, and collaborative re-
search and planning.

Moreover, North Korea certainly has shipping and fisheries interests in the
region and is a member of the International Maritime Organization and the
United Nations Food and Agriculture Organization. Future regional cooperation
on environmental issues might include preventing marine pollution by harmoniz-
ing national policies, laws, and regulations and developing contingency plans for
dealing with transnational oil spills;** ensuring sustainable development of fish-
eries through multilateral dialogue, research, and possibly establishment of a
formal fisheries management mechanism; protection of shared vulnerable marine
animals and habitat;>*> monitoring, combating, and evaluating the impact of
transboundary acid rain—sourced primarily from China and deposited in North
Korea, South Korea, and Japan. Cooperation in trade—environment linkages may
also be possible—for example, setting and enforcing a common environmental
regulatory framework for products, production processes, and resource-extrac-
tion methodologies; promoting environmentally friendly “green” industries; and
establishing common environmental negotiating positions vis-a-vis trade organi-
zations.3¢

Constraints—and Suggestions for Cooperation

The United States will probably refrain from cooperative initiatives involving
North Korea until the nuclear issue is resolved to its satisfaction and the future,
as well as the intentions of the post—Kim I Sung/Kim Jong Il regime, become
clearer. But in the meantime, there are several subtle policy questions that should
be addressed regarding U.S. involvement in economic or environmental coopera-
tion in the region, particularly that including North Korea. Should the United
States support Japan’s taking a leadership role in these sectors in the region? The
Clinton administration views Japan as an increasingly important global partner in
peacekeeping, in promoting democracy, in protecting the environment, and in
addressing major challenges in Northeast Asia.>” But despite stated U.S. policy,
different agencies of the U.S. govemnment may be sending conflicting signals



ENGAGING THE DPRK ECONOMICALLY 73

regarding the U.S. view on Japan’s taking a leadership role in some sectors.
Moreover, Japan has huddled for so long under the American security and eco-
nomic umbrella that it has little experience in leading multilateral initiatives.
Japan may thus be reluctant to lead and its neighbors reluctant—for historical
reasons—to accept its leadership. However, initiatives in environmental protec-
tion could be used as a mutual confidence builder and thus become a stepping-
stone to Japan’s exercising—and its neighbors’ accepting—its regional leadership
in more critical sectors. The economic sphere is, of course, Japan’s strength, and
its capacity to lead in this sector is obvious. Most of Japan’s neighbors, including
North Korea, desire its yen—but without too many strings or too much Japanese
dominance attached. Japan’s participation in cooperative economic initiatives in
the region would—by virtue of its economic power—be a good test of its ability
to assume its status as a major power but with an unassuming, nonthreatening
posture.

A major unspoken question in Asia today is how far and how long U.S.
“leadership” in the region will be accepted by Asian nations. If the United States
truly wishes Japan to assert more leadership and responsibility on the world
stage, it should not be seen to be competing with or undercutting Japan’s leader-
ship efforts in its own region. Consequently, as in its new policies toward Euro-
pean security,?® the United States should learn how to be a good follower in the
right circumstances. In Northeast Asia, it should be seen as unambiguously ap-
proving and strongly encouraging Japan’s taking the lead in certain sectors.

There are other considerations regarding U.S. cooperative efforts in the re-
gion. North Korea could be a troublesome partner. It may withdraw from, reject,
or greatly complicate American and others’ initiatives in the chosen sectors if it
feels—as it often does—that there is a “conspiracy” to engage it in order to
penetrate and undermine its political and social systems. But security begins at
home, and its debilitated economy is a current source of insecurity—and poten-
tial instability. Clearly, for North Korea to be productively involved in any
regional economic and environmental initiative would require a sea change in its
attitude and openness as well as a massive training and development effort to
bring its capacity up to speed. But North Korea’s attitude may be modified by
the “carrots” and “sticks” of external actors. If intergovernmental agreements
prove unacceptable or difficult for North Korea, then U.S. activities might be
channeled through nongovernmental bodies like the East-West Center, a non-
profit Asian-oriented think tank in Honolulu. Russia’s involvement in regional
initiatives also makes progress unpredictable and complicated because of its own
instability and tensions, as well as conflicting interests between the provinces of
the Russian Far East and the center.

Given the risks associated with engaging North Korea and—if U.S. rhetoric is
to have any credibility—the need to encourage and permit Japan to lead in its
own region, the United States should support those environmental and economic
initiatives in which North Korea is participating and that show potential for
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success and encourage Japan to lead new initiatives. Those ongoing initiatives
that also have China’s participation and support should be particularly targeted
since China may be helpful in encouraging North Korea’s positive and continued
participation.

Thus, in the environment sector, the United States might support UNEP’s
NOWPAP and UNDP/GEF’s program—the latter through its United States—Asia
Environmental Partnership Program—while encouraging Japan or South Korea
to lead and support regional cooperation on trade and environment issues, acid
rain, fisheries management, and protection of valuable and vulnerable species. A
current serendipitous opportunity for U.S.—North Korean cooperation might be to
offer assistance in monitoring and/or retrieving the dumped Russian nuclear
submarine reactors in North Korea’s exclusive economic zone. This could even
be a joint United States—Japan initiative under the environmental wing of its
global partnership.3

In the economic sector, the United States might support the Northeast Asia
Economic Forum and the Tumen River Area Development Project, while en-
couraging Japan to take the leadership in discussions on an Association of North-
east Asian Economies or a Northeast Asia Economic and Social Commission, a
Northeast Asia Development Bank, or a Northeast Asia window in the Asian
Development Bank (ADB); a regional labor market; a regional transportation
and communication plan; Northeast Asian shipping and navigation issues; and
air-traffic management. Japan should also be strongly encouraged to join the
Tumen River Area Development Project, at least in a modest manner. All should
support North Korea’s application for membership in the World Bank and the
ADB if it follows up on its preliminary inquiries about joining.4?

North Korea is also supposedly interested in joining APEC.#! As a longer-
term goal, on the economic front, the United States should consider encouraging
North Korea to eventually join the PECC, and the APEC process, initially as an
observer in some of the more relevant working groups. This might include,
specifically, the working group on human resource development and that on
transportation, which is led by the United States. In the interim, the United States
might fund the Northeast Asia Economic Forum to organize a meeting to explore
the whole question of cooperation with North Korea, including North Korea’s
sectoral interests and priorities. And assuming the trade embargo is lifted, the
United States could consider supporting the Tumen River Area Development
Project by high-level participation and funding of American firms to contribute
to the prefeasibility studies and the environmental impact assessments.

America’s stated overall policy for the Asia/Pacific region is to help build a
“new Pacific community”—a vision that sees America actively engaged in mul-
tilateral economic, political, and security processes.*? To this end, America is
supposed to promote confidence-enhancing measures and regional initiatives that
reduce tensions. Potentially prominent among these are economic and environ-
mental initiatives. However, the United States has yet to articulate specific poli-
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cies for the economic and environmental sectors in Northeast Asia.

To achieve a “new Pacific community,” all vestiges of the Cold War in Asia
must be erased, including the tension on the Korean Peninsula. It is thus vital for
regional stability that every effort be made to bring North Korea into the interna-
tional community. The major carrot that is being dangled in front of Pyongyang
is the prospect of diplomatic relations with the United Sates and the West, the
lifting of economic sanctions, and foreign cooperation in the economic develop-
ment of the country. To start the process of international socialization and nor-
malization and to build confidence, the United States should be prepared to take
a comprehensive approach that includes support for specific regional economic
and environmental initiatives involving North Korea. Whatever the specific
sphere chosen for cooperation, the United States, as well as Japan and South
Korea—all of which are clearly bracing for the worst scenario—should also be
prepared for the best.
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Regional Cooperation and
Environmental Issues
in Northeast Asia

Peter Hayes and Lyuba Zarsky

This chapter deals with the rapidly emerging agenda for regional collaboration
on environmental issues in Northeast Asia. In the first section, we briefly de-
scribe some of the major transfrontier or regional environmental issues in North-
east Asia that represent a menu of opportunities for cooperation (and potential
conflict) between states. These issues include transfrontier air pollution, marine
pollution, migratory species, and the trend toward economic integration.

In the second section, we examine the emerging and somewhat overlapping
regional environmental management regimes, which include the Northwest Pa-
cific Action Plan (NOWPAP), the Subcommission for the Western Pacific
(WESTPAC), the Northeast Asian Environment Program, and the Subregional
Technical Cooperation and Development Program.

Although, due to space limitations, we cannot discuss the following additional
concerns at length, these issues are important enough to warrant our mentioning
them briefly.

+ Capacity building: In addition to building capacity to deal with the cross-
sectoral, complex issues of sustainable development at the national level, re-
gional programs for environmental cooperation also entail developing regional
capacities in the medium and long term.

* Regional dimensions of global issues: Some global issues may interrelate
with regional issues in ways that cannot be ignored. Climate change, for exam-
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ple, may redistribute regional atmospheric circulation and precipitation patterns
and thereby affect concerns such as transfrontier pollution, ecosystem manage-
ment, and desertification at a regional level, which will require a regional re-
sponse. The impact of climate change is a candidate for regional cooperation.
 Monitoring, verification, and enforcement: There are important precedents
for monitoring and verifying international environmental agreements, at the re-
gional level in Europe and globally in the ozone-depletion convention. This
experience provides some guidelines for how binding regional environmental
agreements in Northeast Asia might be monitored, verified, and enforced.

« Financing: The issue of who will pay for the costs of regional environmen-
tal cooperation is central. Donors need to recognize that resources must be pro-
vided to build requisite ‘national and regional capacity to participate effectively
in regional environmental agreements; they must incorporate environmental con-
ditionalities into development financing; and they must recast their own organi-
zations to ensure that they identify the benefits associated with regional
environmental cooperation.

+» Nongovernmental organizations and public awareness: Without active partici-
pation by civil society, many environmental policies are doomed to failure. Regional
efforts are no less subject to this imperative than local, national, or global activities.
It is therefore crucial to involve nongovernmental organizations in regional delibera-
tions and activities in Northeast Asia at the outset rather than as an afterthought.

Critical Regional Environmental Issues

This section presents brief profiles of critical environmental issues that are ame-
nable to regional cooperation. These issues include transfrontier air pollution (we
discuss acid rain as a case in point), marine pollution (we discuss radionuclides
and oil), migratory species (we discuss fish), and the trend toward economic
integration (we discuss forestry).

Transfrontier Air Pollution

Transfrontier air pollution at a regional level in Northeast Asia refers primarily to the
“routine” atmospheric transport and deposition of particulate matter emitted mostly
in the course of energy production—a phenomenon known as “acid rain.”!

High levels of sulfur emissions from coal-burning power plants and factories in
China, North Korea, and elsewhere in the region are the main sources of acid rain.
One study of China’s largest coal-fired power plant showed that sulfur dioxide
concentrations frequently exceed the state’s permissible releases because the coal
that is bumned contains more than 2 percent sulfur.2 However, even low-sulfur coals
can result in absolutely and relatively high levels of sulfur dioxide emissions when
the coal is burned in inefficient plants. The resulting acid rain may decrease biomass
productivity (thereby reducing its carbon uptake) and degrade existing forests
(thereby causing the recipient country’s carbon emissions to increase).
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Many scientists believe that the Korean Peninsula and Japan suffer from
transfrontier acid rain originating upwind from Manchuria in China. Some have
also noted that Mongolia may receive acid rains originating over its northwestern
border with Russia. Depending on the time of year, some countries (especially
North Korea) may be both producers and recipients of acid rain.

The precise scale and impact of transfrontier acid rain deposition remain
unclear, in part due to the lack of monitoring stations and ecological studies.
China itself has noted the possibility that acid rain may be transmitted long
distances and that it has seriously affected areas of China.? About 16 million
metric tons of sulfur dioxide was emitted annually in the 1980s.# In the area
adjacent to the Yellow Sea, Chinese industry has been estimated to emit about
700,000 metric tons of sulfur dioxide per year, some of which could be trans-
ported across the Yellow Sea to Korea by the predominantly northwesterly
winds.5

In winter (January), the airflows are generally from the Asian land mass to
the ocean, whereas in summer (July), the opposite is the case. The Asian Devel-
opment Bank has mapped the likely geographical distribution of acid rain by
using regional sulfur dioxide emissions and regional atmospheric circulation as
proxies to suggest where acid rain may occur. Acid conditions (that is, low pH
values such as 4.5) occur in Japan and southern China; elsewhere, pH values are
much higher.

Fortunately, the problem is amenable to technological controls at the source,
but at a cost. A modern power plant with glue-gas desulfurization equipment can
easily remove more than 90 percent of the emissions.

Also, countries in the region are moving to establish the requisite monitoring
of acid rain deposition. South Korea, for example, maintains a network of 65
acid rain—monitoring sites and has opened new sites on the southwest coast and
on Cheju Island. The National Institute of Environmental Studies in Japan has
convened a number of regional workshops on acid rain. Much remains to be
done in terms of establishing common monitoring methodologies, comprehens-
ive baseline monitoring, and ecosystem impact studies.

Marine Pollution

Marine pollution occurs in an area in which overlapping and contended maritime
jurisdictions hinder and complicate joint environmental management.” East
Asian seas are also semienclosed and therefore particularly subject to the effects
of chemical pollutants, including hydrocarbons, heavy metals, industrial and
agricultural chemicals, radionuclides, sewage, heat wastes, and many other mate-
rials. The resultant ecological and economic damage includes commercial losses
from fisheries and aquaculture, destruction of flora and fauna, tourism, red tides,
and so on. For reasons of brevity, we focus here on just one area of the region’s
seas, the Sea of Japan.



REGIONAL COOPERATION AND ENVIRONMENTAL ISSUES 81

Undoubtedly, the most important sources of marine pollution in the Sea of
Japan are coastal (urban, industrial, port, and riverine) inflows, the dumping of
shipping and industrial wastes at sea, the disposal of radioactive wastes, and oil
exploration and transport. The projected economic growth of Northeast Asia
implies that all of these sources could increase exponentially, while the ocean’s
assimilative capacity may be stretched to its limit—or beyond. In the future,
exploitation of seabed minerals may also increase the stress on marine environ-
ments. In this subsection, we address only two aspects of the issue of chemical
pollution in the Sea of Japan—namely, radioactive and oil-related pollution.

Radioactive Waste Dumping. In early 1993, Russia admitted that the former
Soviet Union had for decades dumped civilian and military radioactive wastes in
the Sea of Japan, in violation of domestic and international laws.?

The total quantity of radioactive materials involved in this activity was rela-
tively small compared with other radioactive pollution during the same period.
However, the Russian activity was significant because it related to legal prece-
dent and the integrity of the London Dumping Convention, which prohibits
signatories from engaging in such wanton dumping. It also highlighted the possi-
bility of additional uncontrolled radioactive pollution of the Sea of Japan arising
from Russia’s military and reactors operating in the Far East.

Russia’s nuclear submarines lack funds and facilities to remove old fuel rods, let
alone install new rods.’ Russia’s military forces are unable to deal with the radioac-
tive legacy of the Cold War. It is urgent that the nuclear reactors and fuel be
removed from decommissioned nuclear-powered warships, especially submarines,
for safe storage and disposal. To end Russian dumping of low- and high-level wastes
in the Seas of Japan and Okhotsk, Russia must choose sites for interim storage
facilities on its territory and then construct those facilities. Other states in the region
have capabilities that complement these needs. Japan, for example, has significant
experience in decommissioning its former nuclear-powered ships.

Oil Pollution. The monitoring of chemical pollution, such as oil, in the Sea of
Japan is conducted at an existing network of stations that measure pollution three
times (or more) per year using standard techniques, thereby establishing the
distribution of pollutants and their relationship to hydrometeorological condi-
tions. This joint monitoring effort has been under way since 1989 and involved
joint North Korean—Soviet expeditions into the Sea of Japan in 1989—90.

On the basis of one measure of oil pollution—average levels of dissolved
hydrocarbons—the open areas of the Sea of Japan contain about 1.5-1.8 times
more oil than do the surface waters of the Northwest Pacific Ocean. In coastal
regions of the Sea of Japan, as well as in shipping lanes, the level of pollution is
much higher, often 2.5 times the level in unpolluted ocean waters, and even
exceeding maximum permissible concentrations on a permanent basis (for exam-
ple, at Russia’s Golden Horn Bay).! Another measure of oil pollution—the
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concentration of tar balls in the ocean water—ranges from 0.15—1.00 milligram
per cubic meter. The concentration is high along sea-lanes, especially south of
Honshu. The prevailing winds concentrate the tar balls in different parts of the
Sea of Japan, depending on the season. Japan reports that, overall, the quantity of
tar balls drifting or washed ashore fell between 1975 and 1985 but increased in
1990 in areas of southern Honshu, the Sea of Japan, and western Kyushu.!!

The rate of marine oil spills appears to be increasing. South Korea, for
example, reports a near doubling in the spill rate and a near tripling in the spill
volume for recorded spills along its coast. There have been major oil spills,
including the sinking of a tanker in February 1988, which damaged 2,000 hect-
ares of marine aquaculture at Youngil Bay, and a tanker collision in July 1990,
which released 1.5 million liters of bunker C oil.'? In August 1993, a tanker
collided with another ship off Pusan and spilled 225 metric tons of bunker oil in
a nine-mile-long slick that threatened South Korea’s most popular beaches.'3

Models of oil pollution dispersal show that oil slicks in the Sea of Japan could
move either onto adjacent coastal regions or out into open seas, depending on
tides and winds. Data are needed on estimated spill rates and number of spills per
volume of oil produced or handled, as well as mean or median size of spills for
the East Asian region and the Sea of Japan to facilitate analysis of the risks of oil
pollution, whether from offshore oil production, coastal refining facilities and
ports, or tankers in sea-lanes. Research is also needed on (1) the physical fate of
oil on surface waters, in the water column, and on bottom sediments; (2) the
biological effects on fish, shellfish, seabirds, shorebirds, and waterfowl, as well
as on seasonal primary, secondary, and benthic productivity; and (3) economic
damages, including cleanup costs.'*

Prevention of marine pollution is not yet a major environmental issue in the
littoral states of the Sea of Japan. However, cooperation to reduce and control
marine pollution could also foster a dialogue on the overarching issue of how
parties that disagree on territorial boundaries and are divided over the best way
to manage fisheries stocks on a sustainable basis can jointly and holistically
manage an oceanic ecosystem.

These latter problems could hinder the development of collaborative ap-
proaches to reducing marine pollution because the legal status of semienclosed
oceans remains ambiguous under customary law and the law of the seas. As
Mark Valencia puts it:

The most successful efforts to deal with marine environmental problems are
carefully nurtured with simultaneous institution-building, scientific, and treaty-
drafting activities at the regional level, but this can come about only with
strong and sustained littoral state support.’>

The scope and complexity of achieving cooperative management of the
various environmental problems that afflict the Sea of Japan—all of which in-
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volve multiple economic sectors and overlapping jurisdictions, and all of which
are linked to marine pollution—are daunting.

The first step must be to obtain scientifically valid data on pollution levels.
Achieving this goal requires the use of sophisticated research equipment. As
such equipment is available in sufficient quantity and quality only in Japan and
South Korea, controlling marine pollution in the Sea of Japan must begin with a
joint effort to implement a comprehensive and complete monitoring program to
determine the region’s ecological status. Valencia has argued that regional coop-
eration would be useful to intercalibrate measuring methods; determine indicator
species; study the biogeochemical flows of pollutants at the river/ocean,
water/sediment, and air/water interfaces; monitor dump sites for dredged materi-
als; and automate the collection and analysis of data.!®

Russia has proposed that a regional center be established to expand the
marine pollution observation system, conduct joint research expeditions in the
Sea of Japan and the Yellow Sea, and set up a database on marine environmental
quality, a proposal that the Republic of Korea has also made.!” The ROK has
suggested as well that an international agreement for the prevention of marine
pollution in the region be concluded and that a regional oil spill contingency plan
be established to respond to accidental releases. '8

Migratory Animals—Fish

This subsection describes the basic dilemmas involved with joint management of
migratory fish species in East Asian oceans. Due to space limitations, we do not
address the issues of trade in endangered species, preservation of critical habitats
(especially transborder areas), or migratory bird species, although these are all
important environmental priorities for regional action.

The North Pacific and the semienclosed East Asian seas are among the most
heavily fished—and overfished—bodies of water. In terms of tonnage produced,
the North Pacific as a whole is the most important fishing region in the world.
Regional states are highly dependent on this produce. Japan and the two Koreas
derive about 90 percent of their respective catches from the region, and Russia
and China about 30 and 10 percent, respectively. An acute problem associated
with high-seas fisheries in the Northwest Pacific and East Asian seas is that of
straddling and highly migratory stocks—that is, species such as tuna and many
kinds of groundfish and pelagic fish that migrate between the high seas and
exclusive economic zones (EEZs) of states, as well as between EEZs.!® Indeed,
the majority of the fish now exploited by countries adjacent to the East Asian
seas are shared stocks.??

A regional approach may be appropriate for jointly managing the fisheries of
the enclosed Sea of Japan and Sea of Okhotsk as well as adjacent coastal areas.
There are bilateral fishery agreements between Japan and Russia, Japan and
South Korea, and Japan and North Korea, as well as between Russia and North
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Korea. (A number of these agreements are nongovernmental.) The agreements
establish a delicately balanced set of reciprocal fishing rights with catch quotas
and specify that scientific and technical consultations be held. In some cases,
joint regulatory zones are prescribed as to number and size of trawlers, type of
gear, dates of operation, and catch.?!

None of these agreements is regionwide and inclusive, and there are no
regional forums in which to discuss allocation of catch. Thus, the management
regime does not correspond to the inherently widely distributed and mobile
fisheries resource. Consequently, a number of stocks are severely depleted. Uni-
lateral actions to exploit or to manage the fishery stocks have even increased
tensions between states—as occurred in 1993 between Russia, Japan, Poland,
and South Korea over the pollock stocks in the Sea of Okhotsk.2? Nor have
larger regional or global agreements proved adequate to the task because the
membership of the International North Pacific Fisheries Commission is limited
to Japan, Canada, and the United States.

Some experts have proposed a Northwest Pacific approach relating to the Sea
of Japan and the Sea of Okhotsk that would avoid finalizing the jurisdictional
issues raised by the law of the seas and other territorial disputes but would
incrementally modify existing arrangements, create regional nongovernmental
arrangements, and establish a regional scientific organization. Although it would
require some leadership—possibly by Japanese or Russian fishery organiza-
tions—such an approach would build on existing bilateral agreements to secure
information on coastal fisheries, especially in relation to collecting statistics,
performing scientific research, depicting shared stocks, identifying overfishing,
and determining optimum sustainable yields from fisheries. An informal, consul-
tative regional forum on fisheries issues along with the related fields of maritime
ecology, poHution, law, and security might also be productive.?3

Regional Economic Cooperation, Trade, and the Environment

The “environment” has typically been treated as an amenity to be balanced and
traded off against economic growth. A new paradigm suggests instead that
environment and development should be integrated. This notion, known as
ecologically sound and sustainable development, underlies the new interna-
tional consensus expressed at the 1992 Earth Summit, especially in the Agenda
21 and Rio Declarations:

Humanity stands at a defining moment in history. We are confronted with a
perpetuation of disparities between and within nations, a worsening of poverty,
hunger, ill health and illiteracy, and the continuing deterioration of the ecosys-
tems on which we depend for our well-being. However, integration of environ-
ment and development concerns and greater attention to them will lead to the
fulfillment of basic needs, improved living standards for all, better protected
and managed ecosystems and a safer, more prosperous future.2*
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By the same token, this perspective suggests that it is incorrect to treat envi-
ronment and development as if they were separate issues. In this chapter, we
adopt this perspective (shortening the concept of “ecologically sound and sus-
tainable development” to “sustainable development”) in analyzing the potential
for environmental cooperation. Thus, we will discuss some of the leading eco-
nomic dimensions of sustainable development in Northeast Asia as well as the
more traditionally “environmental” issues of joint resource management, trans-
frontier pollution, and so forth.

Beyond managing common regional resources, regional cooperation in envi-
ronmental management and sustainable development should be pursued when it
offers net economic benefits relative to management by individual nations. Net
benefits may spring from one or more of the following sources:

» Economies of scale in management, including costs of information collec-
tion, storage, and dissemination; scientific and administrative training; and estab-
lishing and operating monitoring and enforcement mechanisms

« Economies of agglomeration (the creation of one or more centers or forums
for regional environmental management), including knowledge spillovers, re-
duced transport costs, and cheaper inputs

» Reduced transaction costs of trade stemming from a common environmental
regulatory framework

» Economies of scale in capacity building, including technological, manage-
rial, social, and physical infrastructure

« Resource pooling, which makes it possible to undertake projects in environ-
mental management or sustainable development that would otherwise not occur

» Elimination of the “free-rider” problem, including the political, environmen-
tal, and economic costs of political conflicts arising from inadequate incentive
and enforcement structures

« Elimination of standards-lowering competition

 Enhanced bargaining power in international environment, development, and
trade fora, including donor agencies

Trends toward economic cooperation and integration in Northeast Asia are
intensifying and create new imperatives and opportunities for regional coopera-
tion in the pursuit of ecologically sustainable development. These trends are
being pushed from three directions. First, political hostilities are softening, turn-
ing former enemies into trade and development partners. In turn, economic coop-
eration itself is likely to promote better regional security relations. Second, the
world economy is undergoing an intensified process of economic integration.
Successful development strategies in the 1990s require competitive export sec-
tors, which can be enhanced through regional cooperation. Third, nearly all the
countries in the region are undergoing a process of structural adjustment toward
more market-oriented economies.?’
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Intraregional trade seems to have increased steadily throughout the 1980s and
early 1990s, as regional hostilities have diminished. The precise extent of in-
traregional trade cannot be ascertained, since data are both hard to obtain and
unreliable. According to one estimate, the (monetary) value of intraregional trade
among five Northeast Asian nations increased by 225 percent between 1981 and
1989,26 while the volume of world trade increased by only 160 percent. Trade
between China and South Korea and China and Russia in the past three years has
grown even faster. Intraregional trade accounted for 10.8 percent of total world
trade in 1989.77

Links between Regional Trade and the Environment

Economic integration, especially increasing intraregional trade, presents new
issues for regional environmental regulation. On the one hand, integration tends
to accelerate economic growth—itself a goal of sustainable development. With-
out environmental controls, however, faster economic growth speeds the rate of
resource depletion and generates high levels of industrial poitution.2® Ecological
degradation results both from the increased pace of growth and changes in the
industry mix toward more toxic and polluting industries.?’ Besides social and
environmental costs, the “grow now, pay later” strategy of development is likely
to generate large environmental financing needs in the future.’® In a feedback
effect, these costs could undermine future economic growth.

On the other hand, even if nations individually strengthen environmental
standards, trade-impacting local/national environmental controls will be vulnera-
ble to standards-lowering trade competition. Environmental regulation is likely
to increase production or resource-extraction costs, at least in the short term,
undermining international competitiveness. In a highly competitive regional and
global context, national governments are subject to economic and political pres-
sures that push standards down. Governments may even try to gain competitive
advantage by seeking foreign investment through minimal or lax environmental
regulations, creating so-called pollution or resource-extraction havens. In North-
east Asia, such a strategy may be especially attractive to nations seeking to woo
Japanese companies that face increasingly stringent domestic environmental reg-
ulations (as well as rising labor costs)’! or seek foreign investment in the exploi-
tation of forest, mineral, and ocean resources.

The pollution/resource-extraction—haven strategy in Northeast Asia is risky
on three counts. First, if such a strategy is pursued by all the developing coun-
tries of Northeast Asia, a “vicious circle” of standards-lowering competition
could result in an onslaught of environmental degradation. Beyond high long-
term social and health costs, rapid resource depletion and ecological decline are
likely to carry high opportunity costs. The income and employment stream gen-
erated by rapid and unregulated exploitation of Siberian timber resources, for
example, may yield less—perhaps far less—in terms of income and employment
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than would the development of the Russian Far East as an international tourism
asset.3?

Second, companies and industries attracted by pollution havens are likely to
be low-growth “sunset” industries, such as asbestos, which face a limited fu-
ture.33 A development strategy based on nondynamic industries is unlikely to
bring technology transfer and knowledge spillovers, which are crucial to sustain-
able, self-generating economic growth.

Third, products manufactured in or extracted from pollution/resource-extrac-
tion havens may face import barriers in the increasingly environment- and
health-conscious markets of the Organization for Economic Cooperation and
Development (OECD). Northeast Asian timber resources may be especially vul-
nerable: global campaigns by environmentalist groups such as Greenpeace have
already targeted unsustainable logging practices in the Siberian forests.

Initiatives both by governments and by voluntary national and international
market-based ecolabel programs seek to discriminate among timbers on the basis
of harvesting methods. Independent certifiers label suppliers or operations with
an identifying mark if it can be determined that they harvest forest products
according to sustainable management techniques. The global Forest Stewardship
Council is seeking to go one step further and provide accreditation for local
certifiers of sustainable forest products. Companies such as the consumer prod-
ucts giant Home Depot have announced that they will buy only from forest
products suppliers whose timber can credibly be ascertained to have been har-
vested using sustainable management techniques. In the expectation that forest
campaigns will intensify in the coming decade, Home Depot is engaging in
strategic behavior and positioning itself for a market shakeout.34

The nations of the region could individually eschew the pollution haven
strategy by imposing local/national environmental controls. However, in addition
to the problem of standards-lowering competition, a patchwork of differing na-
tional regulations may impede regional trade by increasing the transaction costs
of trade. Exporting companies would have to incur expenses to obtain informa-
tion and adjust production specifications.

Finally, regional economic cooperation may itself create new or additional
transboundary environmental externalities. Unless regulated, joint infrastructure
projects such as the proposed Tumen River Area Development Project may
increase the level of transboundary air and water pollution, as well as degrade
cross-border habitats required to maintain the region’s biodiversity.?

Global Trends in Trade and the Environment

Pressures for regional cooperation to manage links between trade and the envi-
ronment arise at the global as well as regional level. At the General Agreement
on Tariffs and Trade (GATT), a Working Group on Environmental Measures
and Trade was established in October 1991. The “greening” of GATT is now on
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the global political agenda. Environmental groups are pushing either for greater
national scope in the environmental regulation of imports or for mandatory
global, minimum environment standards as a condition for accession to the
global trade regime. In North America, the setting and enforcement of environ-
mental regulations were crucial to the negotiation of the North American Free
Trade Agreement (NAFTA).

The International Standards Organization (ISO) is working to develop global
standards for environmental management. Although it is a voluntary organiza-
tion, the ISO tends to provide many governments with both the framework and
the technical specifications for setting mandatory standards. Whether through
voluntary organizations or through politically pressured government regulations,
the impact of environmental conditionality on traded goods and services will be
of increasing importance in the 1990s.

Regional Cooperation in Trade and Sustainable Development

There are three arenas in which regional and global trends point toward the
benefits of regional cooperation in managing links between trade and the envi-
ronment.

First, Northeast Asian nations could cooperate in setting and enforcing a
common regulatory framework for products as well as for production and extrac-
tion processes. The central aims of such a framework would be to develop
common approaches to the internalization of environmental costs into output
prices and to ensure that the scale of economic activity remains within ecosystem
thresholds.

Environmental standards could be developed for a range of trade- and invest-
ment-impacting activities: environmental impact assessments, air and water
quality, waste management, energy use, conservation of biodiversity, and so
forth. The Environmental Principles articulated by the Third Program Manage-
ment Committee of the Tumen River Area Development Project could serve as
the foundation for a common approach to national environmental management of
production.3® The benefits of regional standards include economies of scale in
information, management, and enforcement. They also eliminate the free-rider
problems associated with having standards set by individual nations. It would be
crucial, however, to build in mechanisms by which standards could change as
new information became available or as citizen and consumer preferences
changed.

Capacities for monitoring and enforcement of (regional) environmental stan-
dards could be enhanced by regional cooperation. Economies of scale could be
gained through the creation of regional inspection and certification systems. A
regional organizational infrastructure, such as a Northeast Asian Commission on
Trade and Environment, may be needed to obtain scientific and citizen input in
both the setting and the monitoring of environmental standards.
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Second, Northeast Asian nations could cooperate in promoting environmen-
tally friendly “green” industries, including export-oriented industries. Trade—en-
vironment linkages, in other words, offer not only new constraints but also new
opportunities for industry growth.’” Environmental “sunrise” industries might
include environmentally sensitive tourism, forest products and fishing industries
that employ sustainable harvesting methods, and environmentally sound value-
added industries. Industries could be targeted with research and development
support, donor support, and/or domestic credit or other subsidies. A regional
ecolabel could also be developed to target “green consumers™ in Japan and other
OECD countries. Regional cooperation could also help to establish an interna-
tional ecolabeling framework more conducive to promoting developing-country
exports.8

Targeted industries should be dynamic, high-growth, and efficient. The addi-
tional environmental externalities justify additional support. Further research is
needed to identify regional industry development projects with high technologi-
cal, social, economic, and environmental spin-offs.

Third, regional cooperation in developing common negotiating postures and
positions on environmental regulation within other trade organizations—includ-
ing GATT, the Asia—Pacific Economic Cooperation group (APEC), and the
ISO—is likely to prove beneficial. Common positions should enhance the bar-
gaining power of Northeast Asian countries in shaping the environmental param-
eters of trade in the coming decade.

Emerging Regional Environmental Management Regimes

This section briefly describes four initiatives that are under way to foster cooper-
ation on regional environmental issues in Northeast Asia: the Northwest Pacific
Action Plan (NOWPAP) of the United Nations Environment Program (UNEP),
the Subcommission for the Western Pacific (WESTPAC) of the Intergovernmen-
tal Oceanographic Commission (IOC), the Northeast Asian Environment Pro-
gram of the Economic and Social Commission for Asia and the Pacific
(ESCAP)/United Nations Development Program (UNDP), and the Subregional
Program of UNDP.

Northwest Pacific Action Plan (NOWPAP)—UNEP

On the initiative of states bordering the semienclosed seas of the Northwest
Pacific, the governing council of the United Nations Environment Program de-
cided in May 1989 to prepare new action plans for seas not yet covered by
UNEP’s Regional Seas Program. In response, the littoral states promptly nomi-
nated national focal points to develop the NOWPAP. Officials from the six
concerned states’® met informally in Nairobi in May 1991, at which time they
reaffirmed their governments’ willingness to initiate the NOWPAP. Due to the
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wide range of early suggestions for the content of the action plan, UNDP convened
an early formal consultative meeting in Vladivostok in October 1991. Experts from
five national delegations (North Korea did not attend) reported on the following:

« Marine pollution monitoring in the adjacent Sea of Japan and water quality
management (Japan)

» Fundamental and applied marine pollution studies, pollution-related marine
ecological problems, and regional maritime pollution monitoring (the former
Soviet Union, China, and the Republic of Korea)

The participants agreed that national focal points would henceforth prepare na-
tional reports for future meetings, to cover the status of the marine environment
and coastal areas; national policies and measures to deal with marine pollution,
and proposals for steps to be taken in a regional action plan. They noted that
regional cooperation in response to a pollution emergency would be an appropri-
ate area for joint activities in the future.*

At the second meeting of experts and national focal points, again held in
Beijing in October 1992, all six countries were represented. At this meeting, a
consultant presented a draft Regional Action Plan, which was reviewed and, in
some important respects, modified (at Japan’s insistence, for example, it was
agreed that the section on “Biodiversity and Ecological Resources” be deleted,
except for the material on wetland reserves and genetic resources).*!

The geographical area to be covered by the action plan is not entirely clear.
At the first meeting, the majority view was that it would initially cover the
marine environment and coastal areas of the Sea of Japan and the Yellow Sea,
without prejudice to the possibility of subsequently extending it to cover addi-
tional marine environments and coastal areas of participating states. It was also
felt that the action plan would focus on marine pollution. Furthermore, the dele-
gates reserved their right to call the Sea of Japan by different names.

Subcommission for the Western Pacific (WESTPAC)—IOC

The Intergovernmental Oceanographic Commission was established in 1960 as a
functionally autonomous body within the United Nations Educational, Scientific,
and Cultural Organization (UNESCO) and is charged with basic oceanographic
research. The IOC’s Subcommission for the Western Pacific was established in
1989. The secretariat is to be headquartered in Bangkok, which hosted the sec-
ond session of the commission in January 1993.

The goals of an IOC regional subcommission are to:

+ Define regional problems and develop marine scientific research programs
+ Implement the IOC’s global marine scientific research programs at a re-
gional level
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» Facilitate the regional exchange of scientific data, especially to developing
countries

« Identify training, education, and mutual assistance needs

At its first meeting in Hangzhou, China, in February 1990, WESTPAC
identified nine projects to achieve these general objectives and adopted a Me-
dium-Term Plan (1991-95). These nine projects are as follows:

Ocean Science in Relation to Living Resources

1. Toxic and anoxic phenomena associated with algal blooms (red tides).
2. Recruitment of penaeid prawns in the Indo-Western Pacific.

Marine Pollution Research and Monitoring

3. Monitoring heavy metals and organochlorine pesticides using mussel watch.
4. Assessment of river inputs to seas in the WESTPAC region.

Ocean Dynamics and Climate

Banding of porite corals as a component of ocean climate studies.

Ocean dynamics in the Northwest Pacific.

Continental shelf circulation in the Western Pacific.

Ocean science in relation to nonliving resources—WESTPAC paleogeo-
graphic map.

9. Margins of active tectonic plates.*2

PRNAW

Obviously, there may be some overlap in the activities envisaged to occur
under the rubrics of WESTPAC and NOWPAP. Moreover, many of the
WESTPAC activities are conducted in the South Pacific and in East and South-
east Asian oceans (thus overlapping UNEP’s East Asian Regional Action Plan
rather than NOWPAP). The I0C secretariat believes, however, that WESTPAC
will have to draw on the stronger national marine scientific and technological
capabilities in Northeast Asian states if it is to succeed.

Moreover, WESTPAC’s SEAWATCH program may be helpful in the im-
plementation of NOWPAP. Also, efforts by Northeast Asian members of
WESTPAC (which includes all six states that participate in NOWPAP) on conti-
nental shelf circulation, ocean dynamics, paleogeographic mapping, tectonics
and coastal zones, mussel watch, and harmful algal blooms are all either more
active in Northeast Asia than in East or Southeast Asia or are implemented on a
Western Pacific—wide basis without subregional focus. Although WESTPAC is
less directly policy-oriented than NOWPAP, the IOC secretariat suggests that a
mechanism may need to be set up to coordinate with NOWPAP, as has occurred
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already via the Coordinating Body on the Seas of East Asia (COBSEA) farther
south.*> WESTPAC anticipates, for example, conducting training in the field of
modeling of coastal circulation in order to predict and control accidental oil
spills, and is also developing a WESTPAC Action Plan as a follow-up to the
United Nations Conference on Environment and Development (UNCED), both
of which appear to be similar to concerns raised at NOWPAP.#

Northeast Asian Environment Program—ESCAP/UNDP

The Northeast Asian Environment Program initiative, which is aimed directly at
policy makers in the region, arose out of a symposium held in Seoul in Septem-
ber 1992 that supported the development of an informal environmental network
and was preceded by an earlier joint memorandum of understanding between
Russia and South Korea calling for the creation of a regional environmental
forum.*> The first Northeast Asian Conference on the Environment was held in
Niigata, Japan, the following October and was organized jointly by the Japanese
Environment Agency and Ministry of Foreign Affairs. Delegations from China,
Russia, and South Korea attended (North Korea did not attend due to sensitivities
on the part of Japanese foreign affairs officials, although participants suggested
that it should be invited to the next meeting, to be held in Seoul).

The first conference sought to promote a frank policy dialogue on environ-
mental problems “of common concern to the region as a whole.” To this end, the
participants agreed to convene the conference regularly (in principle, annually),
to be hosted by different countries in the region. In addition to emphasizing the
role of local government in regional cooperation, the participants suggested the
following possible priority areas for regional cooperation:

» Information sharing and exchange network

» Joint surveys and monitoring of acid rain, marine pollution, and biodiversity
» Collaborative research and training

« Case studies of economic instruments for environmental management*

This mandate led to the convening of the Meeting of Senior Officials on
Environment Cooperation in Northeast Asia, organized by the regional United
Nations Economic and Social Commission for Asia and the Pacific (ESCAP) in
cooperation with UNEP and UNDP. The meeting took place in Seoul in Febru-
ary 1993 and was attended by the same five states (again, North Korea did not
attend). The participants considered a consultant’s report that listed possible
areas of collaboration, and emphasized energy-related air pollution and capacity
building as important cross-sectoral themes. They also suggested that only one or
two substantive issues be concentrated upon at the outset in order to demonstrate
the utility of cooperation and that these activities be expanded incrementally.
Although they cautioned against an overly ambitious program, they also recog-
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nized that identifying priority areas necessitated the adoption of an overall strat-
egy for regional environmental cooperation and a support arrangement.’
The following areas for regional cooperation were canvassed:

» Technology for sustainable development and UNEP’s Regional Center on
Technology Transfer at Osaka and Shiga (Japan)

» Energy issues, especially clean coal combustion (China, Mongolia, and
South Korea)

* Monitoring and surveying of air pollution, especially acid rain (Japan, Rus-
sia, South Korea, and Mongolia)

» Forest decline (South Korea)

+ Capacity building (South Korea)

» Information-sharing and -exchange network (South Korea)

The meeting adopted the following priority areas within which specific pro-
jects for regional cooperation could be developed:

« Energy and air pollution

« Capacity building

« Ecosystem management—in particular, deforestation and desertification
» Intercalibration of pollution measurement equipment

The meeting concluded that coastal and marine pollution issues should be ad-
dressed within UNEP’s NOWPAP framework.

In mid-September 1993, in Seoul, South Korea’s Ministry of Environment
convened the Second Northeast Asian Conference on Environmental Coopera-
tion at the ministerial and/or deputy ministerial level accompanied by high-level
technical experts to discuss common problems, experiences with various eco-
nomic instruments, harmonizing the monitoring of pollution, and so forth. The
major topics considered at the Seoul meeting were as follows:

« Exploration of methods to enhance environmental cooperation in Northeast
Asia, including harmonization of the ongoing environmental meetings

» Market-based policy measures for environmental management

* Pollution-measuring methods, including criteria, units, and intercalibration

* Exploration of joint research topics

» Classification of hazardous wastes

» Experiences and roles of local government in Northeast Asian environmen-
tal cooperation

These items have continued to dominate these talks at subsequent meetings in
Beijing (1993), Seoul (1994), and Pusan (1995). As chair of the meetings and the
lead U.N. agency for the ongoing program, ESCAP lends a more representative
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flavor to the deliberations, which suits foreign affairs ministries, and is less apt to
take a proactive role in defining a technical basis for political consultations than
would UNEP or UNDP and some national environmental agencies.

Subregional Technical Cooperation and Development Program—UNDP

In addition to UNEP and UNESCO, the United Nations Development Program
(UNDP) has mediated and facilitated cooperation at a regional level. UNDP is
instrumental in the Tumen River Area Development Project, which has a joint
environmental component. It has also obtained agreement on two regional pro-
jects under the Global Environment Facility with developing countries of the
region—one on greenhouse gases and another on marine pollution. In addition,
UNDP has developed a subregional program of cooperation between six regional
states on themes pertaining to sustainable development, albeit at a relatively low
level of activity. These include:

« A thermal combustion and pollution reduction program, which recom-
mended cross-border and intercountry modeling of air pollution, provision of clean
coal technology, cogeneration, emission-control technologies, and so forth.4®

« The expansion of temperate-zone food crops.*’

o The Renewable Energy Applications for Rural Energy Supply project,
under which country exchanges—for example, between China and North
Korea—have occurred.’!

« The Tumen River Area Development Project, which is the most advanced of
these subregional activities. It is envisaged as a multibillion-dollar project in-
volving six regional states in which North Korea, Russia, and China will jointly
develop a free economic zone.5? The states have created a Joint Management
Committee to oversee planning activities. The committee will supervise subcom-
missions on trade and logistics as well as on telecommunications, banking, and
industry and infrastructure investment strategy.*>

In October 1992, a preliminary environmental assessment was presented to
the Management Committee’s second meeting. The report stated that the hinter-
land, deltaic, and adjacent coastal areas were ecologically fragile and noted the
paucity of environmental and resource data for the area.>*

In May 1993, the third meeting of the Management Committee reviewed a
draft set of “Environmental Principles.” The following objectives were presented
for consideration:

« A project goal will be to achieve “environmentally sound and sustainable
development” in accordance with UNCED, international environmental laws and
agreements, and multilateral donor requirements.
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« Participating governments will cooperate and coordinate with each other on
environmental concerns and will be responsible for preparing environmental
impact assessments of projects on national territory, but coordination of environ-
mental protection for projects undertaken within the zone by the Tumen River
Development Corporation will be the responsibility of institutions specifically
developed to implement that scheme.

» Member states will enable nongovernmental organizations to participate in
environmental assessment procedures.>

Thus, the Tumen River Area Development Project may establish important legal
and political precedents that will bear on other regional environmental agreements.
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Will Economic Sanctions Work
against North Korea?

Kimberly Ann Elliott

The debate over U.S. policy toward North Korea boils down to one deceptively
simple question: what do North Korea’s leaders want? No one can be sure of the
answer, and different interpretations can have quite different policy implications.
If the North’s leadership views a nuclear weapons option as important to the
survival of the regime, economic sanctions are unlikely to force them to give it
up. But if they view the threat of developing nuclear weapons as a bargaining
chip, a combination of carrots and sticks may induce them to trade it away. In
fact, if the bargaining-chip theory is correct, the threat of economic sanctions has
been useful at various stages since 1993 in signaling to the regime when it is
getting too close to the edge of the cliff.

For purposes of this analysis, it is assumed that should it renege on the 1994
Agreed Framework, the North Korean regime is susceptible to external pressure
that is short of military compulsion. Given that assumption, this chapter analyzes
the prospects for the effective use of economic sanctions in the ongoing dispute
with North Korea over its compliance with International Atomic Energy Agency
(IAEA) inspection obligations. Based on available data, 1 first identify potential
vulnerabilities in North Korea’s economic structure as well as key trading part-
ners that would have to cooperate for a sanctions effort to have a reasonable
chance of success. I then present a framework developed by Hufbauer, Schott,
and Elliott! for evaluating the circumstances under which economic sanctions are
most likely to achieve foreign policy goals. I conclude with an evaluation of the
specific options facing the international community in deciding whether to im-
pose sanctions, including what products or services might be the target of effec-
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tive sanctions against North Korea and whether sanctions would be more or less
likely to achieve the desired outcome as a function of how they might be applied
(for example, gradually or all at once).

The North Korean Economy

North Korea presents unusually difficult challenges for countries contemplating
the use of economic sanctions. The North has chosen to follow an economic
development strategy that emphasizes self-reliance, and with the recent opening
of Albania, it is the most closed economy in the world. This choice derives in
part from ideology and the political need to control information about the outside
world. It is also a consequence of the U.S. decision during the Korean War to try
to isolate the North, reflected today in an embargo on most trade and financial
relations between the United States and North Korea, and multilateral controls
on exports of dual-use and military-related technology. North Korea’s external
trade is also limited for commercial reasons relating to its inability to service its
external debt.

Whatever the reasons for North Korea’s economic isolation, the effects of that
isolation are becoming increasingly serious, compounding the problems caused
by an inefficient command and control economy and high military spending
(perhaps as much as 25 percent of gross national product). The Bank of South
Korea estimates that the economy contracted by an average of 5.5 percent annu-
ally in the period 1990-92. Sources also report that capacity utilization in manu-
facturing is probably no higher than 50 percent to 60 percent and may be as low
as 30 percent because of petroleum shortages and general inefficiency in the
energy sector.2 These ongoing problems were exacerbated in 1995 by flooding in
some areas that resulted in apparently severe food shortages. Although there is
suspicion that North Korea has exaggerated the amount of damage, the United
States, South Korea, and Japan all decided, for humanitarian reasons, to provide
small amounts of food aid.3

The North’s philosophy of juche, or self-reliance, creates several dilemmas
for the international community. Because its trade and financial relations with
the rest of the world are already limited, the scope and volume of potential
leverage are less than in many other cases. This limits the range of sanctions
options available. Juche also means that North Korea imports only products that
it must have to keep the economy functioning and that it cannot produce domes-
tically; it must then export to earn hard currency to pay for the imports or to
provide products for barter. This deepens the dilemma for the international com-
munity since sanctions would almost inevitably affect key sectors, including the
military, and might then reverberate quickly throughout the economy. Substan-
tial economic disruption could increase the risk of either a military response by
North Korea or economic collapse, both of which the international community
wants to avoid.



WILL ECONOMIC SANCTIONS WORK? 101

Table 7.1 shows the distribution of North Korea’s trade by partner country.
Partial data for 1992 suggest that trade with Russia declined sharply again and
that Russia is now North Korea’s third largest trading partner, behind China and
Japan.# Other data indicate that inter-Korean trade has grown so rapidly since it
was first legally permitted in 1988 that South Korea may now be the North’s
fourth largest trading partner. South Korean government approvals for trade with
the North through the first seven months of 1992 reportedly totaled $387 million,
with perhaps $350 million being imports from the North. This would make South
Korea another important source of foreign exchange for North Korea.

Oil, China, and Iran. Petroleum products supply only around 15 percent or so
of North Korea’s energy consumption, but shortages would affect three key
sectors in particular: the military, transportation, and food production (petroleum
is used in fertilizer production and to run food-processing machinery). Transpor-
tation bottlenecks also affect other sectors, including the ability to get food from
the countryside to urban areas. Reuters reported in the fall of 1993 that urban
workers were going into the countryside to barter “toothpaste, soap,” and other
items for food, with Hamhung reportedly not having received rice rations for two
or three months because of transportation difficulties.’

Until the collapse of the Soviet Union, that country was a major source of
concessional oil supplies for North Korea; since then, Russia has put trade on a
hard-currency or barter basis, and oil exports to North Korea reportedly have
slowed to a trickle. China has surpassed the former Soviet Union (FSU) as North
Korea’s largest trading partner and emerged in 1991 and 1992 as a major supplier of
oil, by one estimate accounting for 40 percent of total North Korean oil imports in
1992, possibly rising to 75 percent in 1993.6 Although no data are available, Iran
reportedly concluded a deal to barter oil for Scud missiles and related technology
that may have been worth several hundred million dollars.” North Korea also appar-
ently has some capacity to produce oil from coal, but it is not clear how much room
there is for expansion, over what period of time, and at what cost in terms of
diverting coal from other uses. The United States is also committed to supplying a
small amount of fuel oil each year to North Korea as part of the 1994 Framework
Agreement. Shipments have been delayed from time to time over disagreement
about how the oil was being distributed and could be suspended or terminated at any
time North Korea is deemed not to be complying with the agreement.

Food. In recent years, North Korea’s grain output reportedly has been declin-
ing and has not been sufficient to meet basic needs, even without the difficulties
of transporting food from rural to urban areas described above. Although the
data, as usual, are sketchy and of unknown reliability, some sources put grain
output in recent years at less than 5 million tons per year versus estimated
demand of 6.6 million tons.? In 1991, North Korea reportedly concluded a barter
deal with Thailand for 1 million tons of rice over two to three years in exchange
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for coal, cement, and marine products. Also in 1991, China reportedly agreed to
provide some $150 million in food aid over five years, while South Korea may
also be providing covert financing for food (for example, paying for a shipment
of rice from Vietnam) as well as providing small amounts of rice directly.® In
1995, North Korea suffered a major flood and launched an international appeal
for food relief and rehabilitation aid. Thus, the food situation deteriorated even
further in 1995-96.

Coking Coal. North Korea has large deposits of anthracite coal, which supply
about 70 percent of its total energy consumption. But it has almost no deposits of
coking-grade coal, which is essential in steelmaking, and must import it. As with
oil, China reportedly has replaced Russia as North Korea’s primary source for
coking coal, accounting for nearly 90 percent of imports in 1993.1 Qutput of
steel reportedly dropped by half in 1992. Shortages of coking coal could further
squeeze steel supplies and have serious follow-on effects for the rest of the
economy, including in areas such as transportation that would also be hit by an
oil embargo. Construction, which accounts for a significant portion of economic
activity in North Korea, would also be hard hit.

Technology. North Korea turned to Western technology in the early 1970s
when it attempted to build a light industry export sector with machinery imports
from the West. Its timing was poor, however, and it was hammered by the
1973-74 oil crisis and global economic recession. It eventually defaulted on the
loans used to make the purchases and has been largely shut off from Western
credit and technology since.!!

Hard Currency. North Korea exports mainly minerals and metals, such as
iron and steel, and cement; agricultural products, including fish and other marine
products; and a small amount of precious metals, such as gold and silver. Exports
have not been sufficient to pay for needed imports, however, and North Korea
runs persistent trade deficits. Russia, responding to its own problems and to
North Korea’s rising debts, put most trade on a hard-currency basis in
1991. China has repeatedly threatened to put trade on a hard-currency basis, but
apparently has allowed trade to continue, in part through barter.

South Korea may now be the North’s fourth largest trading partner and will
be an important source of foreign exchange as long as it aliows the North to run
large surpluses. It is also an important potential source of trade and investment if
the nuclear and other bilateral issues are resolved. The largest single source of
hard currency apparently is the pro-North Korean community in Japan, which
sends anywhere from $600 million to $2 billion per year in cash to Pyongyang.
Much of the cash reportedly is carried in suitcases and plastic bags on the
twice-a-month ferry from Niigata by Japanese North Koreans going to visit
family members in North Korea.!2
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A Framework for Analyzing Economic Sanctions

In Economic Sanctions Reconsidered,'> we examined 115 cases of economic
sanctions, beginning with World War 1. Most of the episodes studied occurred
after the Second World War, and most were unilaterally imposed by the United
States (77 of the 115), with only minor or no cooperation from its allies. The
United Nations was constrained for much of the postwar period by Cold War
politics and, prior to the 1990 embargo of Iraq (in response to its invasion of
Kuwait), had imposed mandatory sanctions only twice: comprehensive sanctions
against Rhodesia from 1966 to 1979 and an arms embargo of South Africa from
1977 to 1994. Since 1990, the United Nations has imposed comprehensive sanc-
tions against Iraq, Serbia, and Haiti, and arms embargoes against a number of
countries suffering from civil unrest, including Somalia, Sudan, Liberia, and
Rwanda, and the UNITA rebels in Angola. The goals of economic sanctions
have ranged from the relatively modest, such as the United States’ seeking to
settle expropriation disputes with developing countries, to the highly ambitious,
such as ending apartheid in South Africa.

The present author with several colleagues made judgments about the out-
come in each case—the extent to which stated foreign policy goals were
achieved—and the contribution made to that outcome by sanctions. We then
developed a set of six political and five economic variables that might be ex-
pected to affect the effectiveness of sanctions. These eleven variables are sum-
marized in table 7.2. By comparing outcomes across cases with the values for
the economic and political variables, we were able to draw conclusions about
some of the factors that appear to influence the effectiveness of economic sanc-
tions in achieving foreign policy goals.

As noted above, the data set is dominated by unilateral U.S. sanction
cases, which suggests several caveats in interpreting the observed negative
correlation between the probability of a sanctions success and the extent of
international cooperation. First, in a great number of cases, international co-
operation played no role in the outcome because the United States did not
seek it. Second, cooperation was more extensive in cases involving more
difficult goals, though the data suggest that it was a necessary but not suffi-
cient condition for success in such cases. Finally, the results suggest that
international cooperation has become more important over time as U.S. eco-
nomic and political hegemony has declined and the global economy has be-
come more interdependent.

Overall, we found that economic sanctions had contributed to at least partially
successful outcomes in 34 percent of the 115 cases studied. The success rate for
cases involving what were defined as “major” goals—such as impairing the
military potential of an adversary or forcing the surrender of territory—was
lower, just 23 percent. We concluded that sanctions are most likely to be effec-
tive when:
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Table 7.2
Summary of Variables Analyzed

Variables having no clear

Variables having a positive  Variables having a negative relationship with
relationship with success relationship with success effectiveness
Percentage of the target's  Difficulty of the objective Type of sanction imposed
total trade conducted sought
with the sanctioner
Warmth of prior relations  Extent of international Ratio of the sanctioner's
between the sanctioner cooperation sought GNP to that of the target
and the target (correlated with (most sanctioners in the
difficulty of goal) sample are much larger
than their targets)
Cost to the target as a Cost the sanctioner Use by the sanctioner of
percentage of its GNP imposes on itself accompanying policies
(covert, quasi-military, or
regular military)
Offsetting assistance
received by the target
from a third party
Economic health and
political stability of the
target

» The goal is relatively modest, thus lessenirig the importance of multilateral
cooperation, which often is difficult to obtain, and reducing the chances a rival
power will bother to step in with offsetting assistance.

» The target is economically weak and politically unstable even before sanctions
are imposed.

+» The sanctioner and its target are fiiendly toward one another and conduct sub-
stantial trade (the sanctioner accounted for 28 percent of the average target’s
trade in all success cases but only 19 percent in failure cases; in cases involving
“major” goals, the ratios were 36 percent and 16 percent, respectively).

» The sanctions are imposed quickly and decisively to maximize impact (the
average cost to the target as a percentage of GNP was 2.4 percent in all
success cases and 1 percent in failure cases; in cases involving “major” goals,
the figures were 4.5 percent and 0.5 percent, respectively).

+ The sanctioner avoids high costs to itself.

In sum, economic sanctions succeed when the economic and political costs of
the sanctions to the target outweigh the costs it expects to incur from complying.
Multilateral sanctions under the auspices of the United Nations typically involve



106 PEACE AND SECURITY IN NORTHEAST ASIA

ambitious objectives, which runs counter to the first finding that sanctions are a
limited instrument that work best to achieve relatively modest, clearly defined
goals. However, international cooperation is also likely to be more extensive
under a U.N. mandate than otherwise, which may allow more ambitious objec-
tives to be achieved. Thus, U.N. sanctions are likely to involve both higher costs
of compliance, because the objective will be ambitious, and higher costs of
defiance, because the sanctions are likely to be more comprehensive in scope.

A key problem in evaluating the prospects for success in a given case is that,
while the costs of defiance—the likely economic impact of the sanctions—can
be measured with some confidence, the costs of compliance cannot be measured
in any precise way. A second problem is that the same cost, measured as a
percentage of GNP, may be valued differently by different types of regimes. For
example, an authoritarian government may be less responsive to the pain in-
flicted by economic sanctions than a democratic government whose survival
depends on the support of a majority of its citizens. The normal problems associ-
ated with predicting the response of a targeted government are compounded
when the regime is as secretive as that of Kim Il Sung and, now, Kim Jong I1.

Applying the Framework to North Korea

This section takes each of the five major conclusions outlined above in turn and
applies them to the North Korean case.

Goals, Cooperation, and Offsetting Assistance. Inducing North Korea to
abandon its suspected nuclear weapons program is a high-profile, ambitious
objective. A secondary, but important, goal is preserving the integrity of the
international nonproliferation regime. Thus, international cooperation is import-
ant. From the U.S. perspective, cooperation is essential because the United States
already has banned virtually all trade and financial relations with North Korea
since 1950 and thus has very little negative economic leverage available to it.'*

Fears of unintended consequences, however, complicate the decision to im-
pose economic sanctions for North Korea’s immediate neighbors. South Korea
and Japan would not want to provoke the North into a rash military response, and
no one, especially South Korea, wants to risk an economic collapse that could
make eventual reunification even more costly for the South, in relative terms,
than German reunification was for the Federal Republic of Germany. In addition
to these concerns, China may also be reluctant to acquiesce in U.N. sanctions to
enforce antiproliferation objectives, an ongoing sore spot in its own bilateral
relations with the United States. In addition to Chinese approval or abstention,
multilateral UN. sanctions would also require approval or acquiescence from
Russia, which has a U.N. Security Council veto and which has expressed dis-
pleasure in past deliberations at not being consulted by the United States on this
issue. Even if comprehensive U.N. sanctions were eventually imposed, however,
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Iran and Libya could provide significant offsetting assistance through continued
oil shipments.

Economic Health and Political Stability. North Korea’s economy appears to
be under severe stress, but that has not yet translated into clear signs of political
instability, though there were reports of food riots in the summer of 1992 and
again in the spring of 1993.15 Visitors to Pyongyang and the countryside in 1995
reported visible signs of an energy crisis—flood damage, and food shortages.
The number of defectors crossing the Chinese border has also increased.

Diplomatic and Trade Relations Prior to Sanctions. The volume of potential
economic leverage is limited because of North Korea’s self-imposed isolation,
which has been involuntarily deepened as a result of the regime’s inability to
generate the hard currency needed to pay for imports and the unwillingness of
China and Russia to continue providing goods on concessional terms. Still, if
China, Japan, and Russia were to cooperate, the sanctions would cover probably
70 percent of North Korea’s reported trade flows, well above the average in past
successful cases (36 percent in difficult cases).

Potential Economic Costs of Sanctions to the Target. If North Korea’s foreign
trade accounts for 10 to 15 percent of GNP, comprehensive U.N. sanctions could
easily impose an economic cost on North Korea at least equal to the average for
past successful cases with ambitious objectives (4.5 percent of GNP), even al-
lowing for extensive evasion and smuggling.'

Economic Costs to the Sanctioner. The obverse of North Korea’s relative
autarky is that its trade is not large enough to be of much economic importance
to its partners. But the potential costs if sanctions provoke a military response
from North Korea or an economic and political collapse could be quite high.
Concerns about these potential costs have been a major factor dictating the
cautious strategy followed to date.

Sanctions Alternatives with Respect to North Korea

The Hufbauer, Schott, and Elliott analysis revealed a strong correlation between
the estimated economic costs to the target of sanctions and the probability of
success. We concluded that a gradual, “turning the screws” strategy is less likely
to be successful than quick, comprehensive, decisive imposition of economic
sanctions because, “[t]ime affords the target the opportunity to adjust: to find
alternative suppliers, to build new alliances, and to mobilize domestic opinion in
support of its policies.”!” And to reiterate, raising the costs of defiance may be
particularly important when the price the target must pay for complying with
sanctioners’ demands is perceived to be high.
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In contrast, the sanctions strategy proposed in June 1994 by the Clinton
administration would have begun with modest, primarily symbolic sanctions,
which would be ratcheted up if necessary. Such cautious gradualism might be
dictated in future application of sanctions by the concerns of North Korea’s
neighbors, who would be primarily responsible for enforcing the sanctions and
who do not want to provoke either a military backlash or a destabilizing and
costly economic collapse. North Korea has threatened to treat the imposition of
sanctions as an act of war and explicitly threatened Japan with “deserving pun-
ishment” if it cooperated with U.S. proposals to cut off the flow of funds from
the Korean community in Japan.'8

If the DPRK reneges on the Agreed Framework, however, economic sanc-
tions will quickly return to the agenda. If the gradual strategy proposed in 1994
were revived, the first phase would involve boycotting North Korean arms ex-
ports, which would cost the regime an estimated $50 million to $100 million a
year. Other sanctions in the initial phase might include suspending all United
Nations projects, as well as plans for the much larger Tumen River project.
Cultural, scientific, and educational exchanges would also be cut off.!® This first
phase would also presumably include a cut-off of the fuel oil shipments, cooper-
ation on the light-water reactors and other forms of cooperation agreed in the
framework. In the second phase all financial transactions likely would be
banned, including North Korea’s single largest source of foreign exchange, the
remittances from Koreans in Japan. A ban on financial transactions would inhibit
the regime’s ability to import oil, food, and other products even without impos-
ing sanctions directly on exports to North Korea. This measure wouild be de-
ferred to the second phase because of Japanese reluctance to be out front on
sanctions, fearing the possibility of backlash among the Korean community there
or even terrorist acts fomented by North Korea.

In 1994, the Clinton plan for sanctions did not explicitly mention moving to a
full trade embargo in a potential phase three, apparently to placate China. While
China might have ultimately acquiesced in the first two phases of sanctions (by
abstaining on a Security Council vote), a trade embargo would directly involve
China in enforcement. One way for China to finesse this problem in the future
would be to refuse to continue barter trade if phase two sanctions were imposed
and to insist on hard currency. North Korea would be hard-pressed to pay its bills
to trade partners if the ban on financial transactions were effective.

Virtually all of the proposed sanctions would pose significant enforcement
challenges. The major markets for North Korea’s arms exports, primarily mis-
siles, are Iran and Syria. Iran, in particular, would have little incentive to cooper-
ate in the sanctions effort. Iran might also be willing to ignore broader trade
sanctions and take China’s place as North Korea’s major supplier of oil. Al-
though a cargo-flight ban might be imposed to enforce an arms boycott, a naval
interdiction likely would be considered too provocative a step. Thus Iran poten-
tially could poke large holes in any sanctions package. Even with naval interdic-
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tion, and assuming China formally acquiesced in a trade embargo, controlling
trade across the Chinese border could be difficult given Beijing’s sometimes
tenuous control over its far-flung regions. Finally, money is a fungible commod-
ity, and efforts to halt the cash flow from Japan to North Korea would require
extensive global cooperation, as well as limits on the movement of people from
Japan to North Korea.

A final question is whether to include food in any sanctions package, which
would have an immediate impact, exacerbating shortages already plaguing the
economy. For humanitarian reasons, however, food, along with medicines and
other medical supplies, is typically exempted from sanctions outside of wartime.
Moreover, the moral dilemmas raised by including food in an embargo are
amplified when the targeted regime is an authoritarian one in which the people
have no voice and where they are already malnourished.

Summary and Conclusions

Despite its relative autarky, what North Korea does import affects key linkages
in its economy, and economic sanctions, reasonably enforced, could have signifi-
cant economic impact. Modest sanctions, such as those proposed in phase one of
the Clinton plan, might be effective in sending a signal of seriousness to North
Korea if the Agreed Framework stalls or collapses. But such a move would be
effective only if the threat to increase the pressure as necessary is believed in
Pyongyang. In this, China is the key. Russia also has a veto in the U.N. Security
Council and would need to be consulted on appropriate steps if it became neces-
sary to move to economic sanctions, but China would be the vital link if sanc-
tions were to be imposed.

If China were to veto a sanctions resolution in the Security Council, it could
strengthen North Korea’s resolve to stand fast while weakening Japan and South
Korea’s resolve to cooperate with the United States in a sanctions effort without
a U.N. mandate. If China were to abstain on—or even better, approve—a sanc-
tions resolution vote incorporating phases one and two as outlined above, it
would bolster any sanctions effort. China could further enhance the impact of
phase two financial sanctions by requiring hard currency for sales of oil, without
being directly involved in imposing trade sanctions.

Assuming a sanctions package could be agreed on, would it be likely to produce
the desired political results in North Korea? This brings us back to the original
question: what does North Korean leadership want? If Kim Jong Il views improve-
ment in North Korea’s economic situation as critical to maintenance of his
regime, a combination of carrots and sticks will probably be effective in eliciting
his continuing cooperation on the nuclear issue. If he views the opening to the
outside world that would accompany improved economic relations as a threat to
his control, and if he believes nuclear weapons are essential to protect North
Korea’s security, neither carrots nor sticks will be effective. In that situation,
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sanctions might be necessary to protect the integrity of the international nonpro-
liferation regime, but policy makers would need to be prepared to deal with the
potential consequences, including a possible military response in the short run
and probable collapse of the regime in the longer run.
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Enduring Legacies: Economic
Dimensions of Restoring
North Korea’s Environment

Peter Hayes

Introduction

This chapter addresses the linkage between environmental and economic prob-
lems in North Korea. The first section provides basic environmental data for the
Democratic People’s Republic of Korea (DPRK), followed by a brief outline of
the North Korean polity and a summary of the main factors contributing to
environmental degradation in the DPRK. The second section examines four of
North Korea’s most pressing environmental problems. The third section reviews
the DPRK’s philosophy of environmental juche (self-reliance), its basic environ-
mental law, and its environmental administrative system. The final section con-
cludes by reviewing initiatives that could be taken to improve environmental
management in the DPRK, as well as innovative approaches that could alleviate
some of its most pressing environmental management problems.

Since the environmental crisis in North Korea is, in many respects, cotermi-
nous with the country’s economic predicament, this chapter argues that environ-
mental restoration is the key to a successful structural adjustment and economic
transition in the North.

Prepared for the Fourth Annual International Symposium on the North Korean Econ-
omy, Center for North Korean Economic Studies, Korean Development Institute and
Korea Economic Daily, Seoul, October 18, 1994.
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Environmental Characteristics

The Democratic People’s Republic of Korea occupies the northern parts of the
Korean Peninsula, which is situated between the latitudes of 43°00° north and
33°06° north and between the longitudes of 124°10° east and 131°52 east. The land
area of the entire Korean Peninsula, together with its more than 4,000 islands, is
about 222,210 square kilometers, of which, the islands constitute nearly 6,000
square kilometers. The land area of North Korea is 122,762 square kilometers.

The Korean Peninsula is very mountainous, with an average elevation of 440
meters above mean sea level. There are more than 100 mountain peaks higher
than 2,000 meters, the tallest of which is Mt. Paekdu, at 2,750 meters. Mt.
Paekdu is an extinct volcano containing a crater lake called Lake Chon. Most of
the flat terrain in Korea is found on the western side of the country, with large
plains such as the Pyongyang, Ryongchon, Unjon, Yoldusamcholli, Onchon,
Chaeryong, Yonbaek, and Honam. The eastern side of the peninsula, in contrast,
is quite steep, and its few plains lie along the lower reaches of rivers such as at
Hamhung and Kumya.

The Korean Peninsula joins the Asian mainland in the north. Its borders with
China and the Russian Federation are delineated by the Amnok and Tumen
Rivers. The peninsula is therefore “surrounded” by water—freshwater to the
north and marine waters to the west, south, and east. The coastline of the Korean
Peninsula is long and varied, with a total length of 8,640 kilometers (excluding
islands). Of this, 2,495 kilometers belong to the DPRK. In addition to many
islands, the coast includes numerous inlets, coves, and embayments. Along the
west and south coasts, there are enormous intertidal flats covering some 700,000
hectares. The tidal range on the western aspect of the Korean Peninsula is some
11.0 meters. Reclamation on a vast scale has already taken place along this coast,
and further reclamations are planned.

A branch of the North Pacific Equatorial Current flows into Korean waters
and raises their temperature considerably. The meeting of this warm water mass
with the cold currents flowing from the north creates a highly productive front
with a wide variety of fish, many of which are commercial species.

Korea has a typically temperate climate with distinct seasons. The average
annual temperature is between 8 degrees and 12 degrees centigrade. Average
annual rainfall is 1,120 millimeters, most of which falls in summer. The range in
latitude and in altitude provides the Korean Peninsula with a diversity of climatic
conditions, which, in turn, has created a diverse flora and fauna. There are also a
number of species of plants and animals indigenous to Korea, and many of them
have survived in the north of the peninsula.

The country has abundant mineral resources, including bituminous and an-
thracite coal, magnetite, limonite and other iron ore deposits, graphite, magne-
site, gold, silver, copper, lead, zinc, and so forth.

The land area falls into four major categories: (1) the high mountain area of
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the northeast, which consists mostly of forests with little or no agriculture;
(2) the hilly areas around the high northern mountains and the central chain of
mountains; (3) the eastern coastal region, which consists of low mountains and
hilly areas with some lowlands; and (4) the western plains.

Socioeconomic Characteristics

The population of the DPRK is about 22 million, with a growth rate of about 1.8
percent annually. More than 60 percent of the population lives in cities and urban
areas, and literacy is practically 100 percent.

The government states that the country is self-sufficient in food and that it
enjoys full employment; full, free, and compulsory education; universal and free
(or heavily subsidized) housing; comprehensive, free health services; and access
to food and the means to satisfy basic material needs, such as fuel for the entire
population at prices subsidized by the government.

The DPRK’s per capita income has been estimated by the United Nations at
around $US 1,000; the DPRK government has asserted that the correct figure is
$2,000.

The DPRK has a centrally planned economy. All industry is nationalized, and
land is owned either by the state or by agricultural cooperatives. Since the First
Two Year Plan (1949-50), there have been a series of national plans of varying
lengths. The most recent was the Third Seven Year Plan, promulgated in
1987. The government admitted in 1994 that many of the sectoral goals con-
tained in the 1987 plan had not been achieved.

The DPRK Agenda 21 National Action Plan states that the sectoral output
goals for 2000 are: electricity, 100 billion kWhe; coal, 120 million metric tons;
steel, 10 million metric tons; cement, 22 million metric tons; fertilizer, 7.2 mil-
lion metric tons; and grain, 15 million metric tons. In fact, the output objectives
for 2000 appear to be largely the same as those promulgated in 1987.

The DPRK’s gross national product (GNP) cannot be estimated accurately
due to lack of data, accounting difficulties, and exchange rate uncertainties. It
appears, however, that GNP growth is either stagnant or declining (some esti-
mates put this at -5 percent per year, which represents a halving time of fourteen
years). The economy is dominated by heavy industry, which accounts for more
than 50 percent of total production, led by iron, steel, chemicals, food process-
ing, and an emphasis on machine tool manufacture. According to reviews such
as Economist Intelligence Unit, machinery manufacture and metal processing
account for about 30 percent of industrial production, and textiles and food,
about 18 and 9 percent, respectively.

The development of the DPRK since 1953 has been remarkable, with an
impressive rate of industrialization and a very intensive agricuitural system.
However, these developments have threatened environmental quality due to at-
mospheric, liquid, and solid waste discharges from industrial complexes using
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obsolete and uncontrolled technology as well as from fertilizers and pesticides
that support the DPRK’s intensive agricultural production.

Main Factors Contributing to Environmental Degradation
in the DPRK

The five main factors contributing to environmental degradation in the DPRK
are as follows:

1.

Industrial geography: Most people as well as agriculture, industry, and infra-
structure are concentrated in 20 percent of the total land area, primarily in the
western plains. Although Kim 11 Sung directed early that industry be dis-
persed for strategic reasons (so it couldn’t be bombed easily), in practice, the
DPRK emulated the Eastern European approach of organizing industry
around energy infrastructure and colocating industrial complexes with urban
workforces, including residential areas.! This pattern of development places
enormous stresses on the resource base and exceeds the environment’s ability
to deliver services such as waste removal, dilution, biodegradation, and dis-
posal. Increasing amounts of chemicals must be applied to sustain agricultural
productivity; industrial pollution affects human health and agriculture; and
conflicting uses compete for precious land.

. Legacy of colonialism and war: Japanese colonialism degraded Korean natu-

ral resources due to the careless exploitation of mines and mineral develop-
ment as well as to the location of heavy industry in coastal areas with no
thought for environmental considerations. Some of these impacts were exac-
erbated by the effects of the Korean War campaign of aerial bombing, which
devastated waterworks and city environments, as well as many rural settle-
ments and much infrastructure.

. Heavy industrialization: Since the end of the Japanese occupation, the DPRK

has continued to develop mining and heavy industry as the backbone of its
economy, with associated environmental impacts.

. Technological gaps: The DPRK has limited access to modern technology and

training in industrial processes, in environmental management and pollution
control, and in environmental economics, due partly to self-imposed con-
straints such as its trading patterns and efforts to maximize import substitution
and partly to the U.S.-led de facto international embargo.

. Institutional framework: The DPRK’s institutional framework for environ-

mental management, which is vertically structured to conform to the basic
political hierarchy of party-led command and control, militates against lateral
coordination and decentralized responsibility, both of which are integral to
effective environmental management.

Although the DPRK’s environmental situation is not yet quantifiable, I argue

in this chapter that North Korea’s accumulated and current environmental prob-
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lems directly affect the productivity of its population and industries in ways that
threaten its medium-term survival. The antagonistic linkages that contribute to a
vicious circle of economic decline exacerbated by environmental degradation in
North Korea include:

» Severe industrial pollution, including occupational hazards and uncontrolled,
environmentally damaging toxic emissions to waterways

« Soil erosion and runoff due to problems with reforestation, resulting in loss of
soil, siltation of waterways, and shortening of the useful lifetime of hydroelec-
tric dams

« Inefficient use of energy, resulting in both local energy shortages and one of
the highest per capita rates of carbon emission in the world

» Very high levels of fertilizer and pesticide use, resulting in nitrate pollution of
groundwater and runoff, which, in turn, threatens irrigation and drinking water
supplies, and results in soil acidification and declining food crop productivity

» Lack of institutional capacities to regulate or monitor environmental perfor-
mance by domestic or foreign productive entities, combined with failure to
enforce the rules that do exist, which, in turn, provides incentives to environ-
mental malefactors and disincentives to potential foreign investors in the
DPRK Free Trade Zone, such as soft drink manufacturers

Many of these problems are analogous to those experienced by Japan and
South Korea at the end of the period of heavy industrialization. But the problems
in the DPRK differ with respect to the institutional dynamics and the degree to
which land-use patterns have led to extraordinarily high local pollution levels.

A strategy for economic recovery in the DPRK—and for the peaceful reunifica-
tion of Korean society—will fail if it treats environmental concerns as secondary to
economic objectives. Indeed, environmental restoration is the key to renovating
many ailing sectors of the DPRK economy and to easing into a gradual reunifi-
cation with the Republic of Korea (ROK). The following are among the steps
that could integrate environmental and economic objectives:

« Institutional reforms are needed, with the aims of internalizing currently ig-
nored environmental costs into domestic prices used in the DPRK to allocate
goods and services, and removing intersectoral and grossly deforming subsi-
dies from productive inputs such as coal-fired electricity used by heavy indus-
try or households.

+ New technology should be adopted, based on best international practice, in
sectors such as forestry, mining, and transportation. This step would minimize
resource use in processing industries and reduce bottlenecks in the economy.

» Structural adjustment is required—namely, the wholesale junking, for eco-
nomic reasons, of sectors based on obsolete technology and designed to avoid
dependency on imports at any cost. A structural adjustment of the DPRK’s
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economy is inevitable if it is to transit successfully out of its economic crisis.
It makes little sense to clean up industries that are economically moribund—
especially when those industries are often the heaviest polluters.

 Pragmatic economic reforms, such as opening North Korea to foreign invest-
ment and introducing market-based pricing, are essential to achieve resource-
use efficiency in material and energetic terms, as well as rational allocation of
economic and ecological resources in the DPRK’s economy.

* Building institutional capacities to monitor and enforce environmental regula-
tions and to integrate environmental objectives with economic strategy is criti-
cal to achieving sustainable development in North Korea. These same
intangible managerial resources are also mobile and can be transferred across
many sectors where they are badly needed for a range of purposes, not just
environmental management. A flexible institutional framework that fosters
central coordination and creative cooperation within and between public and
private agencies is also essential for effective environmental management.
This lateral coordination cannot be achieved in isolation from the basic struc-
tures of North Korean economic decision making. Improved environmental
performance therefore requires institutional reform away from absolutist, cen-
tralized, and personalized processes in economic decision making and toward
more flexible, decentralized, and bureaucratic processes. Luckily, this change
is also a prerequisite for improved economic performance in North Korea.

Environmental Problems in North Korea

In this section, I review four of the most pressing environmental problems in
North Korea—namely, in the agricultural, water, mining, and forestry sectors.
However, the importance for the North Korean economy of the other environ-
mental problems noted in the previous section should not be underestimated. I
have merely shelved them for later consideration. Here, insofar as possible, I
note the economic implications of these four problems. I wish to stress that this
survey is not complete and that, due to data limitations, it is anecdotal in some
respects.

The basic contours of the DPRK’s environmental problems are relatively
obvious, though. Its four most serious and urgent environmental challenges, in
order of suggested priority, are: (1) sustainable food production, (2) water poliu-
tion and treatment, (3) restoration of past mining sites and industrial waste
dumps, and (4) reforestation and afforestation.2

I reiterate that this section merely attempts to sketch these environmental
imperatives. It does not systematically describe the various measures that the
DPRK government has adopted to address them. But numerous obstacles frus-
trate its ability in each case to solve these problems. Indeed, the DPRK govemn-
ment has not been complacent in responding to these challenges, albeit their
scale and complexity have often surpassed its capabilities to respond.
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Agricultural Sustainability

The issue of agricultural sustainability entails shifting from current, unsustain-
able agricultural practices to sustainable ones, including reducing the use of
pesticides, introducing integrated pest management techniques, reducing depen-
dency on imported fertilizers, restoring acidified soils, avoiding water pollution,
and overcoming land-use conflicts arising from coastal reclamation schemes.

Only about 20 percent, or 2.5 million hectares, of the DPRK’s total land area
is suitable for agriculture. This area is found both on the flat plains and on the
lower slopes of the mountains. About 85 percent of the arable land is found on
the plains, in which paddy rice predominates, although corn and millet are pro-
duced in strip cropping with vegetables. Paddy-field ridges are usually planted
with soybeans. Some cotton is also grown in southern areas. The low mountains
and slopes are used for growing corn, on either rain-watered or irrigated land.
Pigs and poultry are also produced, as well as millet, potatoes, sweet potatoes,
and tobacco. Stone terraces are common, both for orchards and for cultivated
plots. In the mountainous, mostly forested areas, some sheep and goats are kept;
and some vegetables are grown on terraced slopes.

To counter falling food productivity, the North has both intensified agricul-
tural inputs and developed marginal tidal and hilly lands.? Fertilizer application
reached about 2 metric tons per hectare on rice paddies by the early 1990s. In
comn, the application is about 0.5 metric ton per hectare. In addition to urea,
phosphate, and potassium sulfate or nitrate, about 20-30 metric tons of compost
per hectare are spread. To counter soil acidification, urea has been substituted for
ammonium sulfate, and about 0.5 metric ton per hectare of lime is spread.

This approach has resulted in declining soil fertility, lower soil organic matter
content, soil salinity, acidification, pesticide contamination, and erosion (espe-
cially during the summer rains on steep slopes planted with corn). Urea and lime
have increasingly replaced ammonium sulfate to offset drops in soil fertility, but
the DPRK appears to have hit a point of diminishing returns. With the possible
exception of tidal reclamation areas, the paddy rice sector may be less afflicted
with these problems due to the inherent nature of the cultural system (except for
the possible accumulation of recycled heavy metals, salinization due to rising
groundwater, and pesticide contamination). The problem of soil erosion in hilly
areas led to the deployment of large numbers of people to transport soil from
higher slopes to cornfields in an attempt to raise soil fertility, even as 200,000
hectares of hilly land are proposed for conversion to cultivation.

In the agricultural sector, there is a trade-off between expanding production of
resource-intensive and nonsustainable food crops in search of self-sufficiency on
the one hand versus increasing the efficiency and sustainability of domestic
production, but supplemented by increased food imports, on the other hand.
Current practices entail soil erosion, soil acidification, salinity, and loss of fertil-
ity—all of which make it harder and harder to achieve self-sufficiency anyway.
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The current campaign of massive tidal reclamation also poses an intractable
dilemma, in that the reclaimed areas are obtained at the expense of coastal
habitats that support productive fisheries and aquaculture resources, which, in
turn, are important sources of scarce foreign exchange for the DPRK.

Yet another critical quandary relates to the deteriorating quality of inland
waters due to agricultural runoff. This problem directly threatens human health
via drinking water and the bioaccumulation of toxic materials from irrigation
into food crops and marine foods, and via food tainted by untreated sewage
released into rivers and coastal areas.

Water Treatment and Protection

The issue of water treatment and protection involves the introduction of
wastewater treatment facilities and reduction of the pollution of inland and inter-
national waters by sewage and industrial wastes. Effluent standards have been
set for all industries, for industrial wastewater discharged into sewerage systems,
for treated sewage discharged into rivers, and for industrial wastewater dis-
charged directly into rivers. These standards are applied uniformly (in principle)
everywhere in the country, whatever the absorptive capacity or uses of the recip-
ient waters. At about sixty-six wastewater-monitoring sites, pH, biological oxy-
gen demand, chemical oxygen demand, suspended solids, free ammonia, nitrates,
phenol, arsenic, and other parameters are monitored monthly.

Most major urban areas have sewage treatment plants, but only a few have
biological treatment effective enough to minimize ultimate dried sludge volume,
and some merely settle out major solids and release the untreated effluent into
waterways in violation of standards. Moreover, modern plants, such as that in
Pyongyang, have been rendered inoperable for long periods due to faulty equip-
ment or inappropriate operating practices. Treated effluents are not disinfected
with chlorine, and sludges may contain toxic heavy metals or hazardous chemi-
cals due to the discharge of industrial effluents into sewers. Although sewage
sludges are only permitted to be used in orchards and not on vegetable or cereal
crops, these materials are in practice often supplied to farmers for composting,
soil conditioning, or fertilizer.

Quantities of liquid effluents are not known, but the major sources of surface
water pollution are probably industrial effluent, sewage, leachate from uncon-
trolled landfills and solid wastes (from power station ash or smelting industry
slag heaps), and agricultural runoff (from fertilizer and pesticides). The Taedong
River—which supplies drinking water for Pyongyang, industrial process water,
and irrigation water for paddy rice fields—is a good example of the combined
effects of these various sources of waterborne hazards. Not only does the 450ki-
lometer-long river absorb the waste flows from all the cities, towns, industries,
and agriculture upstream from the west sea barrage, but the new lake created by
the barrage is surrounded to the north by the city of Nampo, with its industrial
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complexes. Water monitoring at Pyongyang indicates that pollution levels during
the spring and summer months approach national standards. Downstream, the
situation may be more dire, especially as wastes accumulate in sediments and
bioaccumulate in food chains in the new lake, or via irrigation onto reclaimed
tidal areas or canal-irrigated rice fields.

Old industries inherited from the Japanese colonial era are particularly prob-
lematic. The coke plants at the (eighty-two-year-old!) Hwanghae Iron Works at
Songrim, for example, produce highly toxic wastes containing phenols, cyanides,
and naphthalene, which are discharged into the Taedong. These wastes may
already exceed current water quality standards, which, in turn, may need to be
strengthened in any case to protect human health and ecosystems alike.

At the Sinuiju Chemical and Fibers Complex, for example, 100,000 metric
tons of effluent are released daily into the Amnok/Yalu River in the course of
producing viscose rayon, paper, and cardboard from reed by treatment with
caustic soda. This effluent probably contains lignite, sodium, zinc, and the like—
all of which are of concern to the Chinese as well as the North Korean authori-
ties. The four-decade-old system of primary sedimentation tanks is not working,
and expensive process chemicals are not recovered before effluents are released,
resulting in inefficiency as well as a degraded river system. This loss of valuable
raw materials in waste streams is a story repeated in many North Korean indus-
trial complexes.* In many cases, recovery and recycling systems could in large
part be self-financing if the barrier of front-end costs could be hurdled.

Other industrial plants, such as the petrochemical and fertilizer complexes at
Hamhung on the eastern coast, have basic wastewater treatment facilities but
cannot recover trace metals and other dangerous chemicals contained in the
wastewater. These wastes are released into a drain and marine outfall, and thence
into the coastal marine environment. This waste stream includes organic com-
pounds, sulfides, various dissolved solids, urea, ammonia, cyanides, arsenic, and
so on. These industrial complexes also lack second lines of defense such as
guard ponds in the event of equipment failure or standby equipment in the event
of gaseous emissions. Not only are these plants deficient in terms of industrial
health and safety (oil refineries, for example, routinely use asbestos as insulating
cladding), but residential populations proximate to these plants are subject to
accidental releases as well.

The large number of irrigation/hydroelectricity dams on North Korean rivers
reduces the rate of flushing of various pollutants to the sea, with unknown rates
of benthic accumulation and subsequent bioaccumulation of toxic materials.
Also, irrigation may be raising groundwater levels and thereby increasing salin-
ity levels in agricultural areas. The erosion is also running off into dams, which
reduces the economic life or utility of irrigation and hydroelectricity investments.

Although North Korea has signed the London Dumping Convention, it has
not yet provided port discharge facilities to receive oily wastes, sewage, or
garbage from visiting vessels, nor does the DPRK monitor and enforce compli-
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ance with its rules in this regard by foreign vessels. Similarly, although the
DPRK has basic oil spill-control boats and equipment, these systems are old and
inadequate, and contingency planning and practice are not implemented. Ade-
quate water supply is a critical aspect of infrastructure for foreign investors. At
the Rajin/Sonbong Free Trade Zone, investors with significant demand for water
may find supplies already so badly polluted as to be unusable—especially if they
rely on waters from the Tumen River or some of its tributaries.’ For example, the
Maoshan iron mine, the DPRK’s largest mine, is adjacent to the Tumen River’s
main channel. It has no tailings pond and discharges voluminous material di-
rectly into the river. The Awudi chemical plant in the DPRK also contributes
severe water pollution to the lower Tumen River, reportedly giving fish a “kero-
sene” smell.

Restoration of Past Mining Sites and Industrial Waste Dumps

The rapid growth of mining since 1950 and the legacy of the industry as prac-
ticed under the Japanese occupation have degraded large areas of land and river-
ine systems in many areas, especially where open-pit mining is commonly
combined with dumping of overburden, spoil, and tailings. Little restoration of
afflicted areas has been achieved to date.

These areas are potential sources of waterborne and airborne environmental
hazards, which probably have severe impacts on local soil, adjacent populations,
and rivers downstream from these sites. A variety of response strategies are
urgently needed, including industrial pollution control, solid-waste management,
isolation of mine tailings and other solid wastes, and careful introduction of
beneficiation techniques in the coal industry. Largely the same concerns apply to
the waste streams of thermal power plants, the cement industry, the steel indus-
try, and nonferrous metal-smelting plants. Coal ash, for example, contains heavy
metals such as lead, cobalt, cadmium, chromium, nickel, and zinc, which
threaten surface and groundwater resources if not carefully managed.

In some industries, solid wastes are successfully recycled already. At the
Pyongyang Textile Complex, for example, sludges are recycled after calcination
into cement block production. Sludges from other industries, however, are dis-
posed of in landfills. A case in point is the dewatered sludges from the
Pyongyang lead-battery plant, which are buried in a former coal mine, with
possible impacts on groundwater and soils in the region.

Reforestation and Afforestation

Korea’s forests were badly damaged in the past. In the 1940s, the tree cover had
been reduced to about 12.5 cubic meters per hectare; in northern forests, the tree
cover was about 15 cubic meters per hectare. Extensive reforestation efforts have
been undertaken, with about 0.55 billion trees planted annually between 1987
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and 1990, which amounts to about 1 million hectares over that period (at a
planting density of 2,000 trees per hectare) and an annual afforestation rate of
between 180,000 and 200,000 hectares per year. The government conducts cam-
paigns involving large numbers of people in tree-planting efforts. Young people,
for example, are organized into local “Green Pioneers™ to plant trees.

Of the aforementioned annual afforestation rate, plantation timber forests
comprised about 120,000 hectares per year, reportedly mostly coniferous planta-
tions; protective forests for watershed protection and landscaping, about 50,000
hectares per year; and other forest types, about 10,000—20,000 hectares per year.

The government estimates that about 9 million hectares are covered with
natural forest, of which only 3 million hectares are classified as productive, and
that about 2.5 million hectares are covered with plantations. The 9 million hect-
ares figure implies that three-quarters of the land area is covered by forests.
Increasing this coverage seems unlikely considering the demand for land from
other sectors such as agriculture, which means that most reforestation is probably
occurring in already forested areas. In reality, it is more likely that only 7.8
million hectares are forested. A reasonable average standing volume for all North
Korean forests based on cool temperate forests in neighboring states is 40 cubic
meters per hectare. The main forest types in North Korea are cool-temperate and
frigid forests.

Of the 2.2 million hectares of degraded forests, nearly 80 percent are on steep
slopes, with rainfall between 30 millimeters and 1,000 millimeters (rain shadows
on the leeward side of mountains, which receive little rainfall as the incoming,
moisture-laden winds rain first on the windward side, are a major problem in
reforestation efforts). Degraded pine forests have low productivity, with a stand-
ing volume of about 10-30 cubic meters per hectare. The vertical structure of
pine forests is weak; they have low commercial value due to twisting; they are
susceptible to pests; and species diversity is low.

The southwestern and southeastern slopes reportedly present particular prob-
lems due to aridity and strong sunlight. Oak forests suffer problems similar to
pine forests.

Current reforestation efforts focus on converting low-yielding mixed natural
forests into high-yielding conifer forests. More than 70 percent of the annually
reforested areas are Larix-species plantations. The objective is to create a forest
resource capable of meeting national industrial wood needs. Another large frac-
tion of plantations are Pinus korianus, to produce pine nuts for oil extraction.
The rate of coniferous reforestation may be drastically reducing the ecologically
valuable mixed and broad-leaved forests.

Productive natural coniferous forests were managed until 1983 under a selec-
tive logging system with a 20-year felling cycle and a 30—centimeter minimum
allowed diameter. The DPRK now uses clear-cutting and replanting to create
even-aged compartments that are managed more intensively on longer (25— to
40—year) rotations to produce industrial roundwood.



ECONOMICS OF RESTORING NORTH KOREA’S ENVIRONMENT 123

Natural broad-leaved forests that are not converted into coniferous forests are
managed for fuelwood production. Shrubs, coppice shoots, and small and dead
timber are regularly removed in response to local demand.

No figures are available to indicate the source of wood supply by area, the
type of forest, or whether the supply is obtained on a sustainable basis or by
converting “natural low-productivity forests” or “well-created” and “young for-
ests” into degraded forests. But if it is assumed that about 2 percent of sustaina-
bly managed forests are cut each year in a 50—year rotation cycle from the
“well-created artificial forests,” then 20,000 hectares from these forests (at 160
cubic meters per hectare) would supply only 3.2 million cubic meters per year, or
about 25 percent of current wood needs in the DPRK. The difference presumably
comes from cutting “low-productivity natural forests” and from imports.

Most of the wood produced by the forestry sector is consumed in the mining
sector, in the pulp- and paper-processing sectors, for construction, and for fuel-
wood for domestic and industrial uses. United Nations Food and Agriculture
Organization (FAO) data for 1988 indicate that fuelwood and charcoal produc-
tion was about 4.0 million cubic meters, and that roundwood production (which
includes fuelwood and charcoal production) was about 4.543 million cubic me-
ters, implying nonfuel usage as being about 0.54 million cubic meters. However,
FAQ data may underestimate current DPRK fuel and nonfuel wood use by as
much as two-thirds.

Environmental Philosophy and Legal and
Administrative Framework

The DPRK government is well aware of the current and pending negative im-
pacts of the aforementioned environmental problems on its economy and on the
quality of life of North Korean society. As with most aspects of North Korean
life, the starting point for its environmental laws and administrative guidance and
regulations is found in the values and norms embodied in the syncretic juche
philosophy created by Kim Il Sung and expounded by Kim Jong Il, now leader
of the DPRK.

Environmental Juche

To understand North Korean-style environmental management, it is essential to
enter the North Korean worldview. The basic precepts of juche as applied to the
environment are spelled out in the DPRK’s official report to the U.N. Confer-
ence on Environment and Development, its post-Rio response to the Agenda 21
Action Plan adopted at Rio, and in various official speeches and declarations on
environmental issues.

North Korean officials believe that the basic principles of jucke were con-
firmed by the Rio Declaration, which asserted that humans are at the center of
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sustainable development due to their entitlement to a healthy and productive life.
They argue that a country’s environmental management capabilities are directly
attributable to its political system. Because North Korean—style socialism is held
to be the most advanced, human-centered social system suitable for their circum-
stances, so it follows (they contend) that preserving the environment conforms
with what they call the *“juche-oriented environment-protecting ideology.” As
evidence of their long-standing commitment to environmental protection, they
cite the fact that Kim Il Sung called an early halt to the digging of gold at an
important mountain site on the grounds that its cultural values outweighed the
economic benefits of exploiting this resource.”

The North Koreans emphasize the notion of environmental improvement by
human intervention, pointing to development of flood-control waterworks, refor-
estation, and tidal reclamation as examples of these human environmental arti-
facts. This notion is consistent not only with juche but also with the idea that
protecting the environment is not just a technical or practical task, but a political
task that entails indoctrination and mobilization, as in all spheres of North Ko-
rean life. It also corresponds with a phenomenon that can be termed “gigantism”
that is a specialty of ministries such as the DPRK State Construction Commis-
sion and with the mass mobilization of labor, especially in the military, in mas-
sive (re)construction projects that entail “speed campaigns” and “battles” against
the environment. In short, environmental protection is a means to the primary
end of all state activities in North Korea: demonstrating the superiority of the
North Korean—style political system, defending it, and accomplishing the goals
of its revolutionary cause.

This perspective has at least two important implications for the North Korean
“style” of environmental management. First, North Koreans find it difficult to
grasp the concept of natural biodiversity or the need to preserve it. Thus, they
can suggest that environmental management means the introduction of produc-
tive species in reclaimed tidal areas, irrespective of the natural marine ecosys-
tems and species diversity threatened or destroyed by such projects.

Second, North Koreans have adopted the rhetoric but not yet the practice of
sustainable development. Rather than viewing sustainable development as the
integration of economic and environmental objectives, and as the exploitation of
environmental and economic complementarities, they subscribe mostly to the
orthodox paradigm wherein environment and development conflict and must be
balanced and traded off against each other. Consistent with this outlook, the
North Koreans view incessant technological innovation as the major solution to
environmental afflictions. Consequently, they seek strong scientific and technical
means with which to monitor and manage environmental problems. Finally, they
put their faith in accelerated economic production and construction as providing
the necessary resources to realize the first two objectives, whatever the environ-
mental costs of doing so.

Many in the West agree with this North Korean outlook wherein nature is a
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subordinated means to human ends, even if they would diverge with respect to
the political and ideological spin that North Koreans place on environmental
concerns. Many western environmentalists, however, object to such ideas as
being the original sin that led to many types of environmental abuse. Wherever
one stands in this dichotomy, it must be admitted that the juche philosophy of
environmental management has some progressive components—however diffi-
cult it is to realize them in practice. The philosophy, for example, emphasizes
that the DPRK has international duties to preserve the environment (although
North Koreans are quick to blame the rich industrial countries for occupying the
global ecological commons and former colonial powers such as Japan for leav-
ing behind debilitating environmental messes). Scenting the possibility of exter-
nal support (and seeking international legitimacy), North Korea quickly signed
the major agreements at the 1992 Rio Earth Summit on climate change, forestry,
biodiversity, and the action plan and has also signed a variety of other global and
regional environmental treaties.

The DPRK also stresses that environmental concemns are a social, collective
matter that cannot be reduced to individual interests or merely to the interests of
the current generation.

Environmental Law

In 1986, the DPRK enacted its Basic Law of Environment (see Appendix 8.1).
This law requires all industries to comply with environmental standards, accords
basic environmental rights to all citizens, and commits all organs of the North
Korean state to preserving environmental qualities for the enjoyment of its citi-
zenry. It lays out the basic framework for environmental administration and
places the onus for environmental liability squarely on the polluter or abuser,
including provision for liability, compensation, and criminal negligence. The
DPRK has no formal environmental impact assessment procedure, but the Envi-
ronmental Protection Law requires that major construction and development
projects be thoroughly examined for any environmental impacts.

Although the law provides a legal version of the DPRK’s philosophical ap-
proach to environmental problems, it is framed so generally that it provides little
concrete guidance as to administrative arrangements, regulatory requirements, or
enforcement procedures.

Environmental Administration

According to North Koreans, the late President Kim Il Sung “set forth the princi-
ple that the problem of environmental protection should be taken first into ac-
count ahead of socio-economic development and that every possible measure
should be taken for environmental protection ahead of production and he has
seen to it that the principle be kept with credit.”®
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After a series of permutations, the DPRK government restructured its envi-
ronmental administration early in 1993 to better reflect its commitment to the
implementation of the undertakings following the U.N. Conference on Environ-
ment and Development. This new administrative structure, in the form of the
State Environment Commission, is still in the process of defining its operational
procedures and other mechanisms for environmental management.

Although the DPRK has promulgated water classification standards; emission
standards and maximum permissible levels; procedures for applying to set up an
industrial enterprise; and permits for discharges, land development, and reclama-
tions, little is known about how these procedures actually work or whether they
work at all in most cases. It appears that these regulatory instruments are still
being developed, a process hampered by two weaknesses in the DPRK’s envi-
ronmental administration: (1) the lack of suitably trained human resources and
(2) the lack of adequate facilities and instrumentation to back up legal enforce-
ment of those regulations that do exist.

Overall, the State Environment Commission is inadequately equipped and
poorly structured to execute its broad mandate successfully. There appears to be
little lateral cooperation between the different divisions of the commission, as
well as overlap and competition between different components. Consequently,
existing laws are not enforced, and many environmental regulations are simply
unavailable to productive enterprises—including to potential foreign investors.
Also, the DPRK environmental authorities tend to use Chinese legal and regula-
tory frameworks as models for their own. Given the limited achievements of
China’s environmental institutions—not to mention the extent to which its cul-
tural and political characteristics differ from those of the DPRK—it can be
argued that the North would do better to seek models elsewhere in Asia.?

The most urgent institutional requirement is to create an effective middle
layer of management capability in the DPRK’s environmental administration.
North Korean environmental officials assert that they must establish a strong
planning system for environmental protection and have called for environmental
concerns to be integrated into the economic-planning activities of all productive
units at all levels—from the central planning commission down to local facto-
ries, productive enterprises, and cooperative farms. And indeed, environmental
committees are now found in most productive organizations, although their im-
plementation record is uneven.

The paucity of management resources at this intermediate level—in terms of
trained environmental policy analysts, economists, administrators, planners, and
managers—is largely responsible for the gap between laudable environmental
philosophies, principles, and policies and the everyday reality of lackluster envi-
ronmental performance. It should be noted that the environmental authorities have
acted on occasion to shut down industrial complexes that have committed egre-
gious violations of pollution-control standards, but the impression is that such
events are the exception rather than the rule and probably short-lived to boot.
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These basic institutional problems are compounded by the propensity of the
DPRK’s economic agencies to indulge in gigantism of every imaginable kind,
which reflects little concern for environmental externalities and is often achieved
by mobilizing mass campaigns of unskilled workers, thereby undercutting the
very professionalism needed for both economic and environmental performance.

Indeed, the DPRK Agenda 21 Action Plan promulgated in 1992 spells out an
amazing array of needs for consideration by the international donor community.
This set of needs can be read backward as admitting that problems pervade every
aspect of environmental management in North Korea. If the list is taken as given,
it is also evident that North Korea cannot hope to overcome all the obstacles that
it faces without extensive international assistance.

Also, the lack of nongovernmental organizations hampers the ability of the
formal apparatus to overcome the entrenched power of orthodox line agencies
and the State Planning Commission itself, even though the State Environment
Commission reports directly to a deputy prime minister with senior status and
authority in the DPRK political system.

Conclusion

The implications of the two preceding sections on environmental problems and
responses in the DPRK are rather dismal. In short, the DPRK has accumulated
massive environmental costs, many of which are already undermining human
and resource productivity, and many of which represent environmental bills that
will fall due in the future because of the time lag and threshold effects of
environmental abuse and ecosystem stress.

It is easy to list initiatives that might prevent these problems from growing
even bigger. They include:

* Providing technical assistance in the form of overseas study tours, in-country
training, and resident or visiting external experts, with particular emphasis on
training environmental managers in each and every sector with major environ-
mental impacts, as well as upgrading the skills and capabilities of the existing
environmental agencies such as the State Environment Commission or the
Research Center for Nature Protection and Resource Management within the
DPRK Academy of Sciences.

* Supplying badly needed equipment for environmental purposes, bearing in
mind that earlier generations of scientific equipment are generally more appro-
priate to basic needs as they exist in the DPRK at this time and are less
difficult to transfer given the existing de facto international embargo on trans-
ferring strategic technologies (or even low-end computers for maintaining en-
vironmental databases and so on).

¢ Furnishing technical and economic data relating to environmental issues to
DPRK environmental managers, who often lack even the most basic manuals
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or information relating to local, regional, or global problems due to the
DPRK'’s international isolation. It is wise to keep in mind that the continued
isolation of North Korea in terms of information flows on such matters is
equivalent to rendering its environmental controls virtually impotent. Al-
though, in the past, this isolation was largely self-imposed for political rea-
sons, a variety of conduits already exist to increase information availability.
These opportunities should be exploited at every turn.

o Transferring techniques, such as remote sensing, which involves combining
training, software, and hardware and then infusing such information and its
interpretation into national, sectoral, and line agency management. In many
ways, inculcating a “lateral” ethic of information sharing and lateral coordina-
tion, which is essential for effective environmental management, will be a
critical test of the flexibility and resilience of the North Korean polity in the
post—Kim Il Sung era.

« Institutional innovations, which should be pursued in addition to standard “techni-
cal assistance.” It is crucial to explore innovative approaches to environmental
management, financing, and education of North Korea’s environmental institu-
tions and personnel. Ensuring that DPRK environmental officials are invited to
and enabled to participate in subregional environmental forums (such as the
Tumen River Area Development Project environmental rules) and subregional
environmental consultations (such as the Northwest Pacific Action Plan
[NOWPAP] of the United Nations Environment Program [UNEP], and the North-
east Asia Environmental Coordination Program of the Economic and Social Com-
mission for Asia and the Pacific [ESCAP] and the United Nations Development
Program [UNDP]) provides them with important learning opportunities.

Insofar as these processes introduce harmonized environmental standards,
common environmental-scientific terminology, or collaborative research at a
subregional level, these personnel will become more proficient in ensuring that
the gradual process of structural adjustment and economic reform/transition in
North Korea is as environmentally sensitive as possible. Also, the DPRK shares
a number of transboundary environmental resources and problems, including
acid rain (as both victim and polluter), waterways, migratory species (including
birds and fish), and borders (such as the demilitarized zone [DMZ]) and is also
national steward for DPRK biosphere reserves under UNESCO’s Man and the
Biosphere Program. The DPRK and the ROK also jointly manage the demilita-
rized zone, which, by virtue of its militarization, has become a wildlife refuge of
some importance.

All these issue areas proffer opportunities to solicit DPRK participation and
contributions on the basis of mutual equality, independence, and balanced inter-
dependence—the cardinal principles of North Korean foreign policy.

Undoubtedly, the biggest test of all will be to what extent the DPRK can
introduce markets to overcome the structural rigidities of its command and con-
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trol economic system and to enlist markets to improve environmental perfor-
mance. The DPRK can reap many lessons from the transitional experiences of
Eastern Europe, China, the former Soviet Union, Vietnam, and (given its
dirigiste past) even South Korea.!? In areas of the economy such as food produc-
tion, limited matkets that operate without direct reference to Pyongyang have
emerged because producers and hungry consumers had no alternative but to find
each other and commence internal trade due to the breakdown of national food-
distribution systems. It is not enough to strengthen the ability of the State Envi-
ronment Commission to grapple with the major economic ministries. It is critical
that provincial environmental authorities also be endowed with authority com-
mensurate with their responsibilities, to coevolve with the local and provincial
institutional developments in the productive system in ways that will foster envi-
ronmental as well as economic efficiencies. Approaches such as large-scale car-
bon offsets by “annex 2” countries under proposed protocols to the Climate
Change Convention (which, if adopted, would enable them to fund carbon-
reduction or carbon-fixing projects in states such as the DPRK and claim the
credit against their own emissions account) or creative settlements of North
Korea’s outstanding foreign debt (such as debt-for-nature or debt-for-equity
swaps) might be explored with the new regime.

It is a mistake to underestimate the stamina and resilience of the North Ko-
rean polity or the ability of the DPRK leadership to weather the storms and
navigate the reefs that lie ahead. Environmental cooperation with the DPRK on a
bilateral or multilateral basis can build confidence outside of the DPRK as to its
ultimate intentions in coming to terms with the external world. It can also
strengthen moves inside North Korea to engage the external world and to com-
mence the transitions that it must undertake if it is to survive without collapsing,
not least due to the economic pressures of a deteriorating resource base.

In conclusion, I would like to address briefly the relationship between reunifi-
cation and sustainable development in Korea. The continued division of Korea is
incompatible with the achievement of sustainable development on the peninsula,
if only because of the ongoing risk of war and the environmental and economic
devastation that such a catastrophe would bring on both sides of the demilita-
rized zone. Broadly, three future scenarios with respect to Korean reunification
can be envisaged at this time: (1) gradual, peaceful reunification; (2) fast, violent
reunification; and (3) continued division.

The second and third scenarios both entail enormous additional environmental
costs that would undermine and frustrate the DPRK’s economic performance and
increase the cost of reunification. In the case of fast, violent reunification, enormous
environmental damage would be wrought in many dimensions by military action,
although the environmental assault associated with many of the most moribund
sectors in the DPRK would cease almost immediately. The ROK—the likely victor
in any military confrontation with the DPRK—would find itself saddled with the
costs not only of the war and economic reconstruction but of the cleanup as well.
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In the case of continued division, the DPRK’s ability to avoid or reduce
chronic, accumulated, and lagged environmental costs—let alone to restore the
past damage—would be hampered greatly by the economic difficulties that
would accompany continued division of Korea and isolation of the DPRK.
Which would be greater—the immediate environmental costs from war followed
by reunification and the eventual upgrading of the DPRK’s environmental per-
formance to that of the ROK in a forcefully reunified Korea, or the accumulated,
incessant costs imposed by business as usnal—cannot be determined.

What does seem obvious is that the environmental costs associated with either
of these two paths are likely to exceed greatly those that would be associated
with gradual, peaceful reunification. And the longer it takes to achieve peaceful
reunification, the greater the environmental bill that will accrue to be paid later,
by this generation or the next. In this best-case scenario, South Korea could
make a big difference by providing technology and technical assistance in the
hardest-hit environmental areas mentioned earlier in this chapter, by transferring
the best available environmental technology via direct investment in the North,
and by striving to harmonize ROK and DPRK environmental standards. The
ROK could also consider investing in carbon emission—educing or carbon-fix-
ing activities as an “offset” in North Korea’s energy and forestry sectors under
the Climate Change Convention.

In short, peaceful and “fast-as-possible” reunification would appear to be the
best way to achieve sustainable development in Korea.

APPENDIX 1: THE DPRK BASIC LAW OF ENVIRONMENT
[Unofficial Translation]

Chapter I: Basic Principles of Environmental Protection
Article 1

Environmental protection is the noble work to provide popular masses with
environment needed for their independent and creative life.

The state always pays deep attention to the protection of country’s environ-
ment so as to arrange cultural and hygienic surroundings and working conditions
to the people.

Article 2

Environmental protection is the important undertaking to be carried out as a
routine practice in the building of socialism and communism.

The state shall consolidate the achievements made in environmental protec-
tion and management under the leadership of the Workers’ Party of Korea and
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take measures to improve the work keeping abreast with the modernization of
relevant economic sections including industry while systematically increasing
the investment of it.

Article 3

The state shall protect and manage the environment in a planned way with a
perspective view, so as to create country’s surroundings to meet the aspiration
and requirement of the people.

The state shall build cities and villages and rationally locate factories, enter-
prises and other industrial establishments on the principle of environmental
protection.

Article 4

It is prerequisite for the prevention of pollution and maintenance of steady
rate of production to take measures for environmental protection prior to produc-
tion.

The state shall guide and control factories, enterprises and co-operatives to
take anti-pollution measures prior to production and to keep material and techni-
cal facilities for the environmental protection up to date.

Article 5

It is the noble obligation of the entire people to protect environment.

The state should educate the people in socialist patriotism so that they love
their fatherland and their native place and take voluntary part in the protection of
country’s environment.

Article 6

The state shall develop scientific research to protect environment from poliu-
tion, reinforce scientific institutions of environmental protection and improve
guidance on them.

Article 7

It is the unanimous aspiration and demand of the world people to prohibit the
development, test and usage of nuclear and chemical weapons so as to protect
environment from the damages caused therefrom.

The DPRK shall strive against environmental damage and contamination re-
sulting from the development, test and usage of nuclear and chemical weapons
on and around the Korean peninsula.
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Article 8

The state shall promote scientific and technical exchanges and cooperation in
the sphere of environmental protection with all countries friendly to our country.

Article 9

This law regulates the principles and rules to protect environment such as air,
water, soil and living things from their damage, destruction and contamination.

The rule on maintenance, protection and management of the land, forest re-
sources and other natural environment excluded from this law is subject to the
“Land Law of the Democratic People’s Republic of Korea.”

Chapter I1: The Preservation and Maintenance
of Natural Environment

Article 10

The proper preservation and maintenance of natural environment is the re-
quirement raised in providing the people with favorable living environment and
handing down more beautiful and cultured environment to the posterity.

All the organs, enterprises, organizations and citizens should maintain, protect
and manage the natural environment so as to help promote people’s health and
their cultural and emotional life.

Article 11

Natural environmental reserves and special reserves shall be set up to keep
the natural environment under the protection of the state.
Those reserves shall be chosen by the Administration Council

Article 12

Land administration organ, scientific organs of natural reservation and local
power organs should check and register in a systematic way the variations of
natural environment such as animals and plantations, topography, quality of
water and climate in the natural environmental reserves and the special reserves
and take necessary steps for their protection and management.

Any act of hindering the preservation, protection and management of original
natural environment shall be prohibited in the natural environmental reserves and
the special reserves.

Article 13

The organs, enterprises, organizations and citizens should not cut down the
ornamental plantations in and around the city, villages, road and railway and on
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lake and riverside and not damage or destroy the scenic spots, pine-tree fields on
the coast of the sea, swimming beaches, mountains of marvelous mysterious
shape and picturesque islands.

Article 14

The organs, enterprises, organizations and citizens should not develop collier-
ies and mines in scenic spots, tourist centers and recreation centers and not erect
the buildings and establishments affecting environmental reservation but main-
tain in an original shape the curves, waterfalls and sites of ancient castle and
other natural monuments and places of natural beauty and historic remains.

Article 15

The organs, enterprises and organizations should take preventive measures to
protect the environment from damage caused by land sinking when they develop
underground resources or carry out underground constructions.

Underground water should not be extracted for use in those areas liable to the
damage of sinking.

Article 16

Fowls and crawling animals bred for the maintenance of environment should
not be hunted and the wild animals and animate things under water which are
beneficial and growing only in our country should not be hunted or picked
without permission of the environmental protection supervisory organ.

All citizens should refrain from making spoil of the habitation environment of
the wild animals and aquatic lives, or picking at random precious plantations, so
as not to break the equilibrium of the animate nature or disturb the cultural and
emotional life of the working people.

Article 17

The city management organs and local administrative and economic guidance
organs shall build everywhere parts, recreation grounds and other cultural resorts
and plant trees along the roads and railroads, around buildings, on the vacant
grounds within blocks and in the places for the public utility so as to expand the
green belts.

The trees harmful to the environmental creation shall not be planted in the
city and its surroundings.

Article 18

The organs, enterprises, organizations and citizens shall take routine part in
developing their villages neatly and launch a campaign for the work with the
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planting month and the town beautifying month as a momentum. When buildings
and facilities are under construction in towns and villages, their surroundings
shall not be littered.

Chapter I1I: Prevention of Environment Contamination
Article 19

To prevent the environment contamination is the prerequisite for the removal
of the environmental pollution.

All the organs, enterprises, organizations and citizens shall strictly observe the
environmental protection limit and the standards of exhaust of contaminated
materials, noise and vibration set by the state.

The Administration Council shall set the limit of environmental protection
and the standards of exhaust of contaminated materials, noise and vibration.

Article 20

The relevant organs, factories and enterprises shall have the gas and dust
collectors for presenting air pollution and the air filters for eliminating the bad
smell reeking from the buildings and facilities, and repair and readjust in a
planned way the furnaces, tanks and drainpipes and other facilities.

The local administrative and economic guidance organs shall set up hygienic
protection areas between the relevant factories, enterprises and residential quar-
ters and create forests therein.

Article 21

The excessive gas or smoke reeking rotary machines and the dirty vehicles
which may raise dust due to the unpacked loads shall be prohibited from running
and the machinery and equipment which make standard-exceeding noise and
vibration are not allowed to be operated.

The social security organs, transport controlling organs and local power or-
gans shall install modern gauges of exhausting gas in main streets and necessary
zones to verify the exhaust of gas and smoke reeking from vehicles and take
steps to prevent air pollution.

Article 22

The relevant organs, factories and enterprises shall reduce the exhaust amount
of gas, dust and smoke and adjust or stop the operation of the rotary machines
when they seriously contaminate the atmosphere making harm to men or animals
due to the unusual meteorological conditions.
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The hydrometeorological organs shall notify the organ concerned of the ab-
normal meteorological phenomena in good time.

Article 23

The organs, enterprises, organizations and citizens shall not incinerate leaves
and garbage in the residential quarters and around major roads but dispose them
in designated places.

City management organs and the organs concerned shall carry dirt away in
time for the sake of environmental protection.

Article 24

The organs, enterprises and organizations shall build settling basins and puri-
fication facilities for prevention of water pollution, purify sewage and various
waste waters and take measures to collect and utilize them.

Article 25

City management organs and relevant organs, enterprises and organizations
shall regularly repair and maintain in good order water supply facilities and
supply drinking water after properly filtering and sterilizing it.

Factories, enterprises, building and installations shall not be built nearby
water intakes, reservoir and outlet; and herbicide, insecticide and other harmful
chemical shall not be used there.

Article 26

All the vessels, sailing or anchoring in the territorial waters of the Republic,
its economic zone, harbor and bays, port, lockgate, rivers and streams, lakes and
marshes and reservoirs, shall not throw away or drop down oil, sewage and
garbage.

Natural resource development organs, local administration and economic
guidance organs and pertinent organs shall not pollute sea environment when
they develop sea resources or undertake coastal projects.

Article 27

Shipping agencies shall have their vessels equipped with pollution protection
facilities or containers; for sewage and dirt commensurate to their tonnage and
pass the overhaul of maritime supervisory organ.

The maritime supervisory organs shall strictly inspect the environmental pro-
tection facilities installed in the vessels.
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Article 28

The organs, enterprises and cooperatives managing and running harbor, port,
lockgate and wharf shall have sewage and garbage disposal facilities, carry away
sewage and dirt from vessels and purify or scoop up the oil and dirt dropped
down in the sea or river.

Article 29

Relevant organs, enterprises and organizations shall install settling basins and
purification beds of sewage and waste water and sanitation facilities and disposal
beds and industrial waste in the places which will be kept out of polluting the sea,
rivers and streams, lakes and marshes, reservoirs and drinking water resources.

Overburden heaps, refuse dump, coal depot, soot and slag disposal beds shall
be properly built so as to protect environment of their surroundings from con-
tamination, and after their use they shall be covered with soil for three planting
and crop cultivation.

Article 30

Agricultural chemicals on state prohibition list for their contamination of
atmosphere, water and soil or affection of the human body, shall neither be
produced nor imported.

Toxicity of the agricultural medicines shall be checked by the Hygienic Quar-
antine Organ.

Article 31

The agricultural guidance organs and the institutions enterprises, organiza-
tions and citizens that deals with agricultural medicines shall take steps to pre-
vent the blow-off of chemicals in the air, their flowing into rivers, lakes and
ponds, reservoirs and the sea and their accumulation in the soil.

When agricultural medicines are to be sprayed by aircraft, they shall receive
permission of the environmental protection supervisory institution.

Article 32

Those institutions, factories and enterprises that produce or deal with radioac-
tive substances shall set up percolation and purification facilities and lower the
radioactive density below the discharge standard to protect environment from
contamination by radioactive gas, dust, sewage and waste.

The aforesaid institutions, factories and enterprises shall regularly check and
measure the level of radioactive contamination to prevent the damage by pollution.
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Article 33

Those institutions, factories and enterprises that produce, supply, transport,
handle, use or abolish the radioactive substances shall receive the permission of
the treatment of radioactive materials from the Radioactive Supervisory Institu-
tion or the Social Security Organ.

The Radioactive Supervisory Institution shall normalize the survey of the
factors that may cause environmental potlution and take relevant measures.

Article 34

The contaminated foodstuffs and fodder as well as fish and fruit shall not be
imported.

The institutions, enterprises, organizations concerned and citizens shall take
care of the foodstuffs in process of production and treatment so as not to be
polluted.

Article 35

The facilities and technology that cause damages to the health of the people
and environment for the discharge of harmful substances, noise and vibration
shall neither be imported nor introduced into production.

Article 36

The institutions, enterprises and organizations shall check frequently the
discharge quantity and density of the harmful substances and strength of
noise and vibration caused in process of production, lower them in phase and
receive the permission from the Supervisory Institution for the Environmental
Protection.

The noxious materials shall not be discharged when they are not permitted by
the above mentioned institution or exceed the permitted standard.

Article 37

The local power organs, land administration, institutions and relevant organs
shall shift out of the city the factories and enterprises harmfui to the health of
residents and the freight transportation road and rail tracks be remote from the
residential quarters or built underground. The dwelling houses affected by pollu-
tion shall be shifted to the place nice to live in.

Contaminative factories and enterprises and those dealing with a great volume
of freight shall not be built in downtown, and the buildings and establishment
without anti-pollution facility shall not be utilized.
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Chapter IV: Guidance and Management on
Environmental Protection

Article 38

Strengthening of the guidance and management on the environmental protection
is the important requirement in carrying through the environmental protection policy
of the state.

The state shall properly establish the environmental protection system and
strengthen guidance and supervision on environmental protection to improve its
management and thus meet the requirement of the reality.

Article 39

The Administration Council shall give coordinated guidance to the environ-
mental protection.

A non-standing (ad hoc) committee for environmental protection shall be
established in the Administration Council in order to ensure collective guidance
and take necessary steps for the environmental protection.

Article 40

The supervision over the environmental protection shall be carried out by the
land administrative bodies, and departmental bodies such as sanitary and anti-ep-
idemic organs and the radiation supervisory institutions and other competent
authorities.

Article 41

The relevant organs, enterprises and organizations shall provide the supervi-
sion and measurement organs for the environmental protection with materials
and working conditions needed in the supervision and measurement of environ-
mental protection.

The state planning board, material supply organs, financial and banking institu-
tions and labor administrative bodies shall satisfactorily provide in time the equip-
ment, materials, funds and manpower necessary for the environmental protection.

Article 42

The relevant central bodies and land administrative organs and local power
organs shall carry out their overall investigation over the environmental damages
and pollution and take measures for the improvement of environmental protec-
tion by drawing up a yearly plan.
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Article 43

The land planning bodies and relevant design examination commissions shall
examine, in accordance with the requirement of the environmental protection,
the hydrometeorological, topographical and oceanographical conditions to
choose the residential and industrial areas and examine for approval only those
technical subjects and design which have been agreed upon by the public health
organs, hydrometeorological institutions and relevant specialized agencies.

Article 44

The completion checking organs and those organs participating in this checking
shall not give pass to the capital construction projects devoid of the anti-pollution
fittings.

Article 45

The Administrative Council shall establish a national environmental poliution
observation system, enhance the role of the observation and measurement bodies
to carry out normal observation and measurement on the environmental changes,
and take scientific and technical steps to dispose sewage, various wasted water
and industrial leftovers.

Article 46

Educational institutions and publication and press bodies shall disseminate
technical know-how and conduct mass education in various forms and ways for
the environmental protection and widely introduce and propagandize the suc-
cesses achieved in this field.

Chapter V: Compensation for Damages and Punishment
on Environmental Damages

The organs, enterprises, organizations and citizens who damaged the health of
the people and properties of state and social cooperative organizations and citi-
zens by damaging, destroying and contaminating environment shall pay compen-
sation for damages.

Article 48
The organs, enterprises, organizations and citizens suffering from the dam-

ages caused from the violation of the rule of the environmental protection shall
claim compensation for damages from their counterparts.
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Article 49

The environmental protection supervisory bodies shall let offenders compens-
ate for equivalent losses when the latter damage land and natural resources in
violation of the rule of the environmental protection.

Article 50

When foreign country’s vessel or people contaminate the atmosphere and
water in the territory and economic zone of our country, the supervisory bodies
in the ports and other competent authorities shall detain the vessels or people and
let them compensate or pay their penalty for damages.

Article 51

The environmental protection supervisory bodies shall ban the project, opera-
tion of the factories and rotary machines and withdraw the relevant buildings and
establishments when they carry out them in violation of the rule of the environ-
mental protection and confiscate the materials and products used in such illegal
acts.

The environmental protection supervisory bodies shall let the offenders re-
store to the original state the environment damaged, destroyed and polluted.

Article 52

The officials of the organs and enterprises and responsible citizens who have
brought considerable loss by seriously damaging, destroying and polluting the
country’s environment shall be accused of the administrative or criminal punish-
ment on account of their circumstances.

Notes

1. See M. Feshbach and A. Friendly, Ecocide in the USSR: Health and Nature under
Siege (New York: Basic Books, 1992), for an account of this situation.

2. Secondary environmental problems in the DPRK not covered here include: man-
agement and disposal of toxic and hazardous materials; reduction of emissions from
thermal power stations and industry; environmental occupational health and safety;
biodiversity protection, land-use planning, and nature reserves; and tidal area reclama-
tion—related environmental problems, including estuarine losses, fishing impacts, water
quality problems, and long-run viability of these coastal barriers and low-lying hinterlands
in the face of possible climate change-induced sea-level rise over the next century.

3. See Hy-Sang Lee, Supply and Demand for Grains in North Korea: A Historical
Movement Model for 1966—1993, draft, Department of Economics, University of Wiscon-
sin, 1994.
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5. Ma Jiang, Tumen River: Environmental and Tourism Guidelines for Development
Planning, paper presented to the workshop on Trade and Environment in Asia—Pacific:
Prospects for Regional Cooperation, Honolulu, September 23-25, 1994.

6. The estimate of nonenergy industrial wood use in FAO statistics is a residual
category derived by subtracting total energy-related uses from total production after ad-
justing the latter figure for starting balance and net imports. It appears that the total
production figure for the DPRK is understated by an order of magnitude.

7. Environment Protection Bureau, National Report of the D.P.R. of Korea, 3.

8. National Action Plan for “Agenda 21" of the United Nations Conference on
Environment and Development, DPRK State Environment Commission, 1993,
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10. D. Fisher, Paradise Deferred: Environmental Policymaking in Central and
Eastern Europe (London: Royal Institute of International Affairs, Energy and Environ-
mental Programme, 1992); J. Russell, Energy and Environmental Conflicts in East/Cen-
tral Europe: The Case of Power Generation (London: Royal Institute of International
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gramme for Central and Eastern Europe,” paper submitted to the Ministerial Conference,
Lucerne, Switzerland, April 28-30, 1993; M. Simons, “West Offers Plan to Help Clean
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Engaging North Korea
on Energy Efficiency

Peter Hayes and David F. Von Hippel

The Yalta Conference at the end of World War II resulted in the partitioning of
Korea, Though the boundary thus created was altered slightly by the agreement
that ended the Korean War, the Korean Peninsula was left divided. The two
Korean states thus created—the Republic of Korea (ROK), often referred to as
South Korea, and the Democratic People’s Republic of Korea (DPRK), or North
Korea—went on to rebuild their shattered economic infrastructure and pursue
development in very different ways, aided by different economic partners. The
DPRK'’s economic rise from the ashes of war was impressive, particularly given
its political isolation from the West. Recently, the end of the Cold War and of
economic aid from the former Soviet bloc, together with other world and re-
gional events, have put the DPRK’s economy in what most observers agree is
either a downward spiral or, at best, a state of stagnation.

A recent study by the authors estimated the prospects for energy efficiency
improvements in the DPRK economy. In the process, we derived a detailed
estimated supply and demand balance for fuels used in North Korea, which is
shown in Table 9.1. We would encourage readers interested in a detailed discus-
sion of how this balance was compiled to consult that study.! In this chapter, we
touch on some of the problems faced by the DPRK in its energy sector, describe
our indicative estimates of the potential for implementing energy efficiency and
renewable energy measures in the DPRK, and discuss some of the means
whereby the DPRK’s energy problems can be addressed through international
cooperation.
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Energy Sector Problems

In this section, we briefly discuss some of the energy sector problems in North
Korea. In some cases, evidence of these problems is gleaned from various proj-
ect descriptions and mission reports filed by recent visitors to the DPRK. In
other cases, there is clearer evidence for energy sector problems. In either case,
problems in the DPRK energy sector must be considered (and in some cases
addressed) before meaningful progress can be made on implementing energy
efficiency or renewable energy measures.

Key Resource and Technological Bottlenecks

Though the evidence for key resource and technological problems is largely
anecdotal, there have been reports of “bottlenecks” in the DPRK energy system
that have the effect of impeding the flow of goods and materials. In some cases,
these bottlenecks interact to form cycles that further constrict the DPRK econ-
omy. For example, coal shortages at power plants have been caused—at least
partly—by a lack of iron and steel to maintain the rail system that brings the coal
from the mines to the power stations.2 The iron and steel deficiency is, in turn,
the result of the lack of coal to fuel metals production as well as rail transport
difficulties in moving ore from the mines to the mills.

Similarly, lack of spare parts for certain imported infrastructure may constrain
production in some industries. Downstream industries dependent upon the output
of the upstream industries are affected in turn. Lack of fuel for trucks and other

transport equipment delays delivery of parts and other inputs to factories, result-
ing in lower overall productivity.

The DPRK electricity generation and distribution system is outdated, with a
fairly complex grid of sixty-two power plants, fifty-eight substations, and eleven
regional transmission and dispatching centers operated literally by telephone and
telex, without the aid of automation or computer systems. This system results in
poor frequency control, poor power factors, and frequent power outages.> The
power generation system suffers from a lack of spare parts in some instances as
well as from a lack of testing equipment for use in maintenance activities.

Low Rate of Utilization of Energy Facilities

In part because of resource bottlenecks such as those described above, the rate of
utilization of key energy facilities in the DPRK is reportedly relatively low. If
official DPRK electricity generation figures are correct, the capacity factor for
electricity generation facilities (computed as the output of power plants divided
by what their output would be if they operated 100 percent of the time at full
power) was on the order of 50 to 60 percent in 1990. On the other hand, if
estimates by outside observers are more accurate, capacity factors could have
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