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Key Findings

The stability of the Democratic People’s —  North Korea will experience
Republic of Korea (DPRK, or North Korea), significant intensification of
a nuclear-armed country, presents a serious extreme rainfall and increased
concern to global security and in particular flooding due to climate change.
to the security of the Indo-Pacific region.
Climate change will introduce a series of —  Coastal areas are increasingly at
stressors to North Korean society, which risk from sea level rise.
could upset its fragile governance and
resource base and lead to instability or The subsequent societal effects of these
conflict. changes could be wide-ranging and grave,
ultimately increasing regional instability,
This study projects climate impacts on crop exacerbating underlying tensions, and
yields by 2030, inland flooding by 2050, and introducing new escalatory pressures and
sea levels by 2050 in North Korea: misinterpretation risks. Opportunity lies in
understanding and mapping the climate
—  Climate projections show rice and impacts that North Korea will face in the
maize yield failures will become more coming decades, and supporting global and
likely along the Western coastline, regional initiatives to increase climate
North Korea’s historical breadbasket. resiliency in the country.

Introduction

North Korea has adopted a posture of belligerence with regard to the international community,
grounded in self-sufficiency (tempered by dependencies on China), and a nuclear arsenal which
successive leaders have prioritized over the needs of its people. North Korean citizens, starved
of both nutrition and information, may not be aware of the fragility of their situation. What is
clear is that their livelihoods, and potentially the stability of the regime, are vulnerable to
impending climate change.

This report, part of a series looking at the nexus between climate change and security in and
between nuclear-armed states, surveys major climate effects in North Korea, with regard to
how they may influence the stability of the Kim regime and regional dynamics. Climate change
has the capacity to further compromise North Korea's already precarious ability to provide
public goods for its population and thus maintain regime stability, multiplying threats for the
Korean peninsula and the entire region.



Climate Impacts: Food Insecurity,
Floods, and Sea-level Rise

Long-term regime stability is a perennial concern in North Korea,
which regularly threatens its neighbors and the United States.
Climate impacts may weaken the ability of the Kim regime to deliver
basic public services and governance functions, such as provision of
food, shelter, safety, and energy. Multiple climate impacts will likely
worsen food insecurity, damage infrastructure, induce migration,
and constrain resources. Ordinary citizens of North Korea will bear a
disproportionate share of the burden. These additional stresses
could create pockets of domestic upheaval that could negatively
influence the country’s general stability. The implications for
regional security, including an escalatory conflict leading to nuclear
weapons use, are complex and concerning. New climate projections
provide a lens through which to understand how security and
climate in North Korea may interact over the next three decades.

Given the paucity of existing research on climate change in North
Korea, this study projects future climate impacts at selected
locations of interest to serve as examples for future research.
Discussions about climate change are largely absent from both
international coverage and North Korean state media. An exception
is disaster management: Kim Jong Un has made several high-profile
visits to affected areas directly after disaster events to survey
destruction and oversee rebuilding efforts, including most recently
in 2020:

Throughout the Korean Peninsula, warmer temperatures and
increases in humidity will drive monsoons northward and produce
greater intensity in typhoons.3 More intense storms already appear to
be affecting North Korea; the Korean Central News Agency (KCNA),
in an uncommon occurrence, highlighted severe damage from
intense rains in August 2020 and from Typhoon Maysak and
Typhoon Haishen in September 2020 Heat waves and heat
mortality risk will also likely increase, as will extreme precipitation
events, damaging infrastructure and agriculture’ This paper focuses
on climate impacts in three main areas: food insecurity from crop
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Food Insecurity

Food insecurity has been a persistent
humanitarian concern in North Korea for
decades due to poor planning, deforestation, and
substandard farming techniques’A recent USDA
study identified North Korea as one of the most
food-insecure countries in the world, with more
than 59% of the population suffering food
insecurity in 2020 Damaging rains in 2020
caused a reduction in yields, and in 2021, after
all major non-governmental organizations
(NGOs) had left North Korea, Kim Jong Un
publicly and starkly warned of a potential
famine® Looking forward, climate-related
disasters are expected to compound existing food
insecurity, nutrition deficit and humanitarian
conditions. Poor management of future
agricultural and economic crises may increase
migration or spark other small crises. The rice
and maize breadbasket of North Korea is one
region of high concern regarding these stressors.

In both 2017 and 2019, North Korea experienced
serious droughts that decimated major crops
such as rice, soybean, and maize. This, combined
with economic sanctions, led to devastating food
shortagesl.oClimate projections indicate that areas
of the South Hamgyong and North Pyongan
provinces, which cultivate a combined 38% of

the country’s rice and 30% of its soybeans, will
experience up to an additional 3 months of
severe drought each year by 2035

The majority of North Korea’s rice and maize
crops are grown in three provinces: South
Hwanghae, South Pydngan, and North Pyongan.
Changes in precipitation and temperature will
shift favorable climate conditions for growing
rice and maize away from coastal areas to more
inland areas in the breadbasket provinces
(Figure 1). Climate projections show rice and
maize yield failures will become more likely
along the Western colazstline and less likely in
inland areas by 2030. Due to the mountainous
topography of inland North Korea, it is unlikely
the breadbasket will shift completely to inland
provinces to adapt to climatic changes. Despite
the coastal-inland variation, a rice yield failure
across the breadbasket is projected to occur
more often, from once every 7 years to once
every 5 years. However, a maize yield failure
across the breadbasket is projected to occur less
often, from once every 6 years to once every 8
years. Though North Korea’s breadbasket may
struggle to supply historical quantities of rice,
maize yields are likely to become more stable in
the upcoming decades.

Change in Probability of Crop Yield Failures by 2030
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Figure 1: Change
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2040 compared
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Inland Flooding

North Korea will experience significant
intensification of extreme rainfall due to climate
change. Military installations, residential,
commercial and transportation infrastructure,
and agricultural facilities located in flood-prone
areas are increasingly at risk. Mitigating these
impacts will require already scarce resources and
could precipitate internal conflicts over how to
allocate such resources. Although seasonal
flooding is already common, the increased
precipitation will translate into larger floods that
happen more frequently. Deforestation, a process
which amplifies flood risk by depleting the
1ntercept1ng tree canopy and soil-anchoring root
systems is a perennial problem in North Korea.*
In 2020 North Korea announced several initiatives
to bolster flood defenses, including a campaign
for preventing damage in rural communities by
overhauling hundreds of reservoirs and drainage
facilities.

This study models inland flooding at three
locations of interest: the Yongbyon Nuclear
Scientific Research Center; Pyongyang, the
country’s capital; and North Hwanghae Province,
a largely agricultural region that experienced
severe floods in 2020 (Figure 2)1.6 These locations
serve as a survey of potential climate impacts at
strategic facilities, population centers, and
agricultural areas in North Korea, providing a
basis for assessing security implications.

Yongbyon Nuclear Scientific Research Center

The Yongbyon Nuclear Complex is a primary
location for fissile material production. The
facility, situated on the Kuryong River, houses
key components of the North Korean nuclear
weapons program, including an intermittently
operated 5-megawatt (5MWe) electrical nuclear
reactor for plutonium production; an
experimental light water reactor (ELWR) under
construction; a radiochemical laboratory for
reprocessing spent reactor fuel; a uranium
enrichment plant; as well as many other
ancillary functions necessary for a nuclear
weapons program. The 5MWe reactor and the
ELWR are the most proximate to the Kuryong
River, in part because the river serves as a
water source for cooling. Seasonal flooding has
occurred along the Kuryong River near the
cooling systems for the 5MWe and ELWR
reactors, and climate change increases the
potential for severe flooding. If not properly

Figure 2: The current (light blue) vs 2050 (dark
blue) extent for the 1-in-100 year flood for (A)
the Yongbyon Nuclear Scientific Research
Center, (B) Pyongyang, and (C) North Hwanghae
Province. Developed areas (yellow) indicate land
covered predominantly by buildings and other
man-made structures.
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anticipated, such flooding could damage the
coolant pumps and their associated power
systems, or the pipes that transfer water from
the Kuryong River, potentially affecting reactor
operations.

Floods that were historically considered a 1-in-
100 year event (a flood event that has a 1%
chance of occurring each year) in the 1971-
2000 time period will become a 1-in-68 year
event by 2050. Without more accurate digital
elevation models it is difficult to model the
precise impacts to the facility, but flooding
likely presents a threat to both consistent
production of fissile materials and the safe
functioning of the reactors.

Although Yongbyon personnel have reportedly
installed mitigation measures, the construction
histories of and the safety practices at North
Korean nuclear facilities are difficult to assess.’
Planning for future events is also not well
understood. An extreme flood may pose a risk
to infrastructure that houses sensitive nuclear
and other toxic materials and introduce into
the environment radiation and other health
hazards if not properly contained. A genuine
nuclear emergency at Yongbyon would likely
lead to panic among North Korean citizens.
Yongbyon is monitored closely by North
Korean specialists, and international attention
would reverberate globally, likely sparking a
crisis among citizens and governments in
neighboring countries.’

In addition to the environmental and health
risks, damage to sensitive facilities may be a
catalyst for broader disruption—potentially
influencing the regime’s risk calculation for
weapons production and deployment. The
regime might have an incentive to increase
weapons production or to alter weapons
deployment plans and locations, introducing
additional uncertainty as to their posture.

The regime also may decide to divert resources
from civilian projects, with an adverse spillover
on national security. This and other nuclear,
missile, and general military facilities that face
climate risk would profit from more granular
modelling and study.

Pyongyang

As the country’s capital and most populous city,
Pyongyang is an important political, economic,
and cultural center for the Kim regime. Much of
the critical infrastructure it houses is under
Korean People’s Army control, and it performs
both civilian and military functions for the
entirety of the country. Thus, flooding in
Pyongyang has strategic implications, and North
Korea’s experience of and response to these
effects would certainly inform security analyses
by other nations. Those changing perceptions
and calculations could contribute to major
changes in actions if flooding or other climate
impacts were to occur during a crisis or when
tensions are higher than normal.

Flood control options for the Taedong River,
which runs through the city, are limited. During
the 2020 rainy season, bridge traffic in
Pyongyang was halted twice out of concern for
the stability of bridges over the Taedong River
in high waters. Current 1-in-100 year flood
events will become 1-in-34 year events, almost
tripling in probability, by 2050.

A soldier leads an‘o")( through fields outside
Pyongyang. By Oleg Znamenskiy




North Hwanghae Province

Several of North Korea’s primary agricultural regions will be
susceptible to increased inland flooding. In August 2020, devastating
floods occurred in North Hwanghae Province near the city of
Sariwon. The flooding was so severe as to merit multiple visits from
Kim Jong Un, first to inspect the damage to croplands and residential
neighborhoods, and then to inspect residences that had been rebuilt’
Indeed, in 2020 the North Korean regime publicly warned of
potential crop failures stemming from this unusually wet summer
and agricultural monitors noted affected rice-producing areas.’
Extreme flood risk is projected to almost double in this area—a 1-in-
100 year flood will become a 1-in-57 year flood event—by 2050.
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Sea Level Rise

Coastal North Korea is also experiencing sea level rise. Under a business-as-usual scenario, North
Korean sea levels will rise by 0.3 meters (0.98 feet) by 2050 °Approximately 553,000 people are
expected to be impacted by annual floods exacerbated by sea level rise by 2050. Intense storm
surge in coastal areas is already occurring.

This study modeled projected sea level rise for three coastal locations in North Korea to serve as
examples of the scale of impact and assess potential security interactions: Nampo, a major port on
the west coast located at the mouth of the Taedong River; Wonsan, a large port on the east coast
and a city vital to tourist interests in North Korea; and Sinpo, a major naval base (Figure 3)?4
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Figure 3: The extent of projected inundation from present annual floods
plus sea level rise by 2050 at (A) Nampo, (B) Wonsan, and (C) Sinpo.




As with inland flooding, North Korea has
indicated some concern for sea level rise—the
2020 campaign to overhaul reservoirs and
drainage facilities also included a push to
reinforce sea walls?’

Existing flood barriers constructed in the 1980s
near Nampo at the West Sea Barrage (located
by the mouth of the Taedong river) protect
against flooding and create a large freshwater
reservoir and additional arable land. The sea
level rise risk is minimal for the Nampo port
and city. As with many dams, sediment buildup
from silt and stones carried downstream by the
Taedong River requires dredging. However,
hardening the coastline diminishes the
ecosystem services provided by wetlands and
other coastal systems. Natural and man-made
flood defences should be configured to work in
tandem to mitigate flood risk but also provide
long-term ecological resourcesz.GNonetheless, the
regime’s infrastructure at Nampo serves as an
example of how to mitigate risks to other
coastal areas.

Of more concern are a port and airport located
on the Eastern coast of North Korea at Wonsan.
Wonsan lacks significant flood barriers, and
thus faces a higher flooding risk than Nampo.
Wonsan is a favored location of the Kim regime,
and has been important for attempt§7to grow
the tourism industry in North Korea. It also
provides a retreat for the Kim regime, and on
many occasions the airport and adjacent beach
have served as a location for missile and
artillery testing, including that of short-range
ballistic missiles, multiple rocket launcher
systems, and other tactical systems. Flooding at
key ports and airports, many of which serve as
hubs for exports that provide a crucial source of
revenue for the regime, could disrupt supply
chains in North Korea if the infrastructure
needed for normal port operations is
threatened.

Flooding of coastal military infrastructure in
North Korea could disrupt normal military

operations and weapons deployments. The Sinpo
Naval Base, a major installation on the country’s
east coast that also houses parts of the submarine
ballistic missile program, faces a coastal

flooding risk by 2050. The production, testing,
maintenance, and deployment infrastructure of
key naval assets faces higher inundation, which
would necessitate rebuilding or moving these
functions to other areas. Moving or adding
resilience to coastal military assets can be
expensive for any military. Any amphibious
training elements at such a base could become
useless for certain activities with even minimal
sea level rise. Maintaining hard infrastructure,
in particular that related to submarines, would
also be costly.

In fact, many military installations, strategic
manufacturing facilities, and other locations
important to the Kim regime in coastal areas
merit closer scrutiny. Adverse impacts at
military installations may necessitate changes to,
as well as a diversion of resources from, civilian
infrastructure. In a worst-case scenario,
disruptions could induce adversaries to
misinterpret climate mitigation efforts as a
genuine change in military strategy. This is
especially concerning for this region, in which
risks stemming from potential misinterpretation
and miscommunication actively shape military
plans and force postures.

The West Sea Barrage outside Nampo.
By Katakume Rumonoki




Soldiers- cla{s at a parade in
Pyongyanq. By Shutterstocky®
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Regional Instability

Although climate impacts in North Korea pose the most
immediate threats to internal domestic control and regime
stability, they may also exacerbate underlying tensions in
the region and introduce points of escalation with other
actors.

Increased flooding risk in particular may drive instability
in North Korea-Republic of Korea (ROK) bilateral relations
by introducing shared downstream effects and
opportunities for destabilizing actions. Several rivers in
North Korea discharge into the sea along South Korea’s
west coast as well as into the Imjin River along the DPRK-
ROK border, and large discharges of excess water by North
Korea during heavy rains can adversely affect South Korea.
Hwanggang Dam, near the DPRK-ROK border, is of
particular concern. In September 2009, a flash flood in
South Korea along the Imjin River killed several people
after a release through the Hwanggang Dam in the North.
After this incident, the two countries signed a dam release
notification agreement, but North Korea still engages in
unannounced dam releases, including at least three during
the 2020 rainy seasonz.gAdditionally, North Korea
reportedly has used flooding as a cover for military
provocations. These types of events serve as escalatory
stressors in DPRK-ROK relations.

If living conditions for North Korean citizens become more
dire and the regime cannot meet the basic needs of citizens,
mass migration could occur from the country to its
neighbors. While it is difficult to assess what the breaking
points might be, a conservative estimate of 30,000-50,000
migrants have left since the 1990s famine, predominantly
to China and South Korea (Figure 4)°A mass migration has
never been realized, but an increase in migration or
defection attempts in the form of genuine climate refugees
will likely put political pressure on both North Korea and
its neighbors. Given that China receives the most
defections, the relatively stable relationship between
Beijing and Pyongyang may face new strains. Degradation
in this bilateral relationship may have implications for
broader regional dynamics, as North Korea could feel
marginalized and seek to provoke additional tensions
among neighbors with increased nuclear and conventional
weapons buildup and testing.



Climate impacts may induce North Korea to alter weapons deployment or production, introducing
ambiguity into regional expectations. If established production and deployment sites become
unusable due to climate impacts, mitigation attempts for such infrastructure might be misperceived.
If the regime feels particularly vulnerable to climate impacts, especially in comparison to South
Korea or Japan, there might be a perverse incentive to increase the production of strategic weapons
systems to demonstrate relative strength and resolve. Changes in the regime’s risk calculus also may
prompt provocations. North Korea routinely has tested conventional and nuclear-equipped weapons

systems over the past decade, both for a domestic audience and in response to perceived foreign
criticisms and threats. At times North Korea has initiated attacks against neighbors. In 2010, after
the collapse of the six-party nuclear talks, tensions were particularly high after North Korea sank a
South Korean naval vessel, the Cheonan, and fired artillery shells at Yeonpyeong island in South
Korea. Tensions abated without further serious incidents at the time, but the escalatory potential
after North Korean provocations remains high. In such murky times, a neighbor also could take
advantage of North Korean weakness and instability. North Korea is not alone in building up military
capabilities. South Korea’s own growing short range ballistic missile systems and missile defense
infrastructure is at play, increasing the incentive for a preemptive strike by either side targeting
national leadership and strategic sites”
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Conclusion and Recommendations

Much work in understanding and mapping the climate impacts that North Korea will face in
the coming decades remains to be done. Opportunities for the United States and allies in the
Indo-Pacific region are currently limited, but more options may be illuminated by granular
research. Additional research on climate impacts to critical crops, major military sites,
nuclear facilities, and commercial hubs in North Korea is also needed. Specific variables to
research further include: existing flood defenses at Yongbyon and other facilities handling
nuclear materials; disaster response plans at missile deployment sites; projected impacts to
all major agricultural-producing regions; flooding disruptions to worker housing units and
agricultural production areas at key military facilities; and sea level rise impacts to coastal
military and commercial infrastructure.

A near-term opportunity is to work to restore NGO access, which has been severely curtailed
since the coronavirus pandemic in 2020. NGOs likely will play a crucial role both in
providing local observations and in coordinating relief efforts.

Supportsisng global initiatives to increase climate resiliency in North Korea should also be a
priority. The DPRK appears to be open to international support for mitigation and

adaptation. The United Nations Green Climate Fund approved a project to be implemented
through the UN Food and Agriculture Organization with the North Korean Ministry of Land
and Environment Protection to develop a package of training and capacity building exercises.’
While success is not guaranteed, this type of support could also increase transparency with
North Korea more generally while providing valuable support to North Korea as well.

A longer-term proposal could center on building a regional climate forum to address climate
impacts on the Korean Peninsula. A forum dedicated to this issue could provide an
opportunity for joint future research and cooperative monitoring of climate impacts as well
as a venue for differentiating climate-related disruptions from intentional military actions in
times of heightened tensions.

Climate change has the capacity to further compromise North Korea's already precarious
ability to provide public goods for its population and thus maintain regime stability,
multiplying threats for the Korean peninsula and the entire region. North Korea will bear
significant risks from climate change, and in the interest of its citizens and regional stability,
more research needs to be done to better understand the granular climate impacts the
country will face. In tandem, the United States and its allies should develop strategies for
climate mitigation and adaptation as a means to increase overall stability and security in the
Indo-Pacific region.
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