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INTRODUCTION

A complex humanitarian emergency can be characterized as a humanitarian
crisis that is usually the result of a combination of political instability, conflict,
and violence, often associated with state failure or loss of state capacity, social
inequities, and underlying poverty, usually leading to human suffering and death,
and requiring external assistance and aid to resolve. North Korea is a striking
variant of this model, where the issue is not so much state failure or lack of
capacity, but rather a “hard” state that does not adhere to international norms.

Food insecurity is at the heart of the North Korean case. During the 1990s,
the country suffered a catastrophic famine. Estimates vary widely, but perhaps
600,000 to 1 million people, or about 3 to 5 percent of the prefamine population,
died as a result!

North Korea’s chronic food insecurity is the product of decades of economic
mismanagement and the internal and external policies of the incumbent political
regime. Throughout its history, North Korea has pursued the understandable
goal of national food security through an economically irrational policy of
self-sufficiency. In a narrow sense, the approach has worked: Most of the grain
consumed in North Korea is produced domestically. But the achievement of
high levels of output in the face of inauspicious natural conditions has required
reliance on imported inputs such as oil used as a feedstock to produce fertilizer
domestically, fertilizer imported directly from China, or donated by South Korea,
ironically, leaving the system vulnerable to disruptions to input supply emanating
from global market conditions and diplomatic conflicts, in addition to the
vicissitudes of weather.2

Food insecurity in North Korea is not only a humanitarian issue, but it
is a strategic issue as well. Since 2006, the United Nations Security Council
has passed multiple resolutions condemning its nuclear weapons and missile
programs and has imposed increasingly broad economic sanctions. Despite
public protestations of the insulation of humanitarian responses from diplomatic
concerns (Ronald Reagan’s declaration that “a hungry child knows no politics™),
food aid has been used repeatedly by the United States to encourage North
Korean participation in negotiations on the missile and nuclear issues (i.e.,

1 There are estimates that are lower and some that are much higher. See Haggard and Noland
(2007) and Lee (2011) for discussion.

2 Local conditions for agriculture are challenging: the land is largely mountainous, the ratio of
population to arable land is high, and the comparatively cold climate limits growing seasons and
opportunities for double cropping. The main season accounts for roughly 90 percent of cereal
production, though over half of potato production comes from a spring early season crop and is
an important source of sustenance for the “lean months” preceding the main harvest.

To offset these natural limitations and maximize vields, the regime developed an
agricultural system intensive in the use of industrial intermediates including fertilizer, insecticide,
and electrically driven irrigation systems originally installed by Soviet engineers. Agriculture
was collectivized and subjected to a high degree of centralized bureaucratic control.
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“food for talks”), and humanitarian assistance is typically the leading edge of
inter-Korean engagement.® Food insecurity and the international response are
inextricably linked to broader diplomacy.*

The global COVID-19 pandemic—and the regime’s response to it—has made
North Korea’s food insecurity worse. The country responded to the pandemic
by self-isolating. It used armed troops to close its borders beginning in January
2020. The self-imposed blockade further disrupted an economy already under
stress from multilateral sanctions. And as of June 2022, the strategy appears to
have failed: the country has admitted to a major outbreak of the virus amidst an
unvaccinated population.® The war in Ukraine may act as an additional stressor by
driving up world food, energy, and fertilizer prices.

Under the pressures of economic mismanagement, the self-isolating response
to the COVID-19 pandemic, and rising global prices, food insecurity again
appears to be deepening. In April 2021, in a speech to the Workers Party of Korea
(WPK) Cell Secretaries, North Korean leader Kim Jong-un invoked the “Arduous
March”—code language for the 1990s famine. He returned to the food security
theme in his December 2021 address before the WPK’s central committee,
eschewing belligerence and emphasizing the central goal of rehabilitating the
rural economy and achieving national food security—in the long run.

But the country’s opacity impairs both the assessment of humanitarian
needs and the calibration of its diplomatic salience. This paper triangulates
guantity, price, and other forms of evidence to assess food insecurity in North
Korea. It finds that the grain balance estimates produced by the UN system are
implausible. The substitution of alternative estimates of local harvests and human
consumption needs yields a more plausible time series, but even this more
optimistic assessment indicates that as of the 2020-21 harvest cycle, North Korea
has probably fallen below the level of minimum human needs.

That concern is reinforced by an examination of local prices for corn and rice,
the two main staple crops. North Korean prices are generally higher than those
observed either globally or within China, at times by large margins. Local prices
have generally been rising since the border closure, becoming more volatile, and
in the case of rice, showing increased divergence across different regions.

Historically, food insecurity has exhibited regional variation within the
country. Grain surplus regions tend to be in the southwestern part of the country,
while industrial regions in the east are net importers. Before the famine, food
was reallocated from surplus to deficit regions through a centrally coordinated
system. During the famine, that process was impeded by local hoarding and
breakdowns of the transportation system. Nutritional status tended to be the
worst in the food deficit regions of the northeast, as well as rural areas in the

3 Haggard and Noland (2017, table 6.2) report 15 instances where the United States linked the
provision of food aid to specific diplomatic talks or objectives. Such linkage is not confined to
the US relationship with North Korea: the administration of South Korean President Moon Jae-
in cited a desire to resume humanitarian assistance as one of the motivations for its promotion
of an end of war declaration.

4 In a 1999 attempt to secure access by inspectors to a suspected North Korean nuclear site,
Secretary of Defense William Perry characterized the provision of 600,000 metric tons of grain
as a “quid pro quo for achieving our aims” (Noland 2000, 159).

5  See “North Korean COVID-19/Fever Data Tracker,” 38 North, https:/www.38north.
org/2022/05/north-korean-covid-19-fever-data-tracker/ (accessed on May 27, 2022).


https://www.38north.org/2022/05/north-korean-covid-19-fever-data-tracker/
https://www.38north.org/2022/05/north-korean-covid-19-fever-data-tracker/
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vicinity of the capital city of Pyongyang at the greatest risk of confiscatory
seizures.® State failure led to an unplanned marketization of the economy starting
in the 1990s, but even with the market playing a greater role today, the key
regional vulnerabilities remain in the food deficit regions of the northeast and
grain-producing areas adjacent to Pyongyang. The shutdown of cross-border
trade and other developments have likely led to the impoverishment of more
North Koreans increasing the size of the at-risk population.

Direct observation and limited household surveys have historically been a
third source of information on food insecurity. These sources of information
have become less available in recent years, but the use of satellite imagery has
grown. In this regard, the regional specificity of the pattern of hunger is relevant
to understanding the impact of climate events on the overall food balance and
possible regions of acute need.

The triangulation of these forms of evidence suggests that food insecurity
is intensifying and may be concentrated in certain regions and among the
economically disadvantaged elements of the population. Thus far it does not
appear that this degree of distress has become diplomatically relevant in terms
of conferring leverage to aid donations, but under the continuing stresses of
the COVID-19 pandemic and the war in Ukraine, further deterioration of internal
conditions could put humanitarian relief back on the political agenda.

QUANTITY BALANCES

The conventional starting point for assessing food needs is a quantity balance
sheet. Total need consists of requirements for human consumption (food use),
seed requirements, feed use, postharvest losses, and stock build-up. Domestic
supply consists of production and any drawdown on accumulated stocks. The gap
between domestic needs and supply is the uncovered food balance, which must
be met through commercial imports or aid. Terminology and categorization have
evolved slightly since the Food and Agriculture Organization of the United Nations
and the United Nations World Food Programme (FAO/WFP) began producing
these balance sheets in 1995, but the basic structure of the balance has not.
There is a certain degree of uncertainty associated with each of these
components in the North Korean case, with human food requirements and
the size of the domestic harvest having the greatest quantitative relevance.
It is important to recognize that these assessments are produced when the
UN agencies are invited in by the North Koreans. There have been occasional
interruptions in engagement, the present being a case in point. That presents a
significant risk, impeding the ability of the outside world to recognize the onset
of food distress and for aid to enter the country in a timely and targeted way.
Human consumption needs are estimated by imputing per capita
consumption or caloric intake (controlling for the heterogeneity of need across
demographic groups) and multiplying by the population estimate. During
the 1990s, considerable uncertainty surrounded the size of the North Korean

6  The state also engaged in an extensive political classification system called songbun. This was
accompanied by a process of internal deportations in which families with unfavorable political
classifications were sent to remote areas in the northern part of the country. This phenomenon
likely reinforced the other drivers in generating adverse nutritional status in these locations.
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population; the most recent population census data pertain to 1993, that is,
before the famine that may have killed a nontrivial share of the population
(Eberstadt 2007, chapter 2). At times during the 1990s, it appears that the FAOQ/
WFP overestimated population (and hence consumption needs), in part because
of the ravages of the famine itself.” In more recent years, estimates of the North
Korean population have converged across sources, and, for the purposes of this
calculation, the UN estimate is accepted at face value.

More importantly from a quantitative standpoint, differing assumptions
regarding caloric needs and nutritional sources can generate significantly
divergent estimates of human needs. Heather Smith’s (1998) comprehensive
analysis of North Korea’s historical consumption patterns of all food categories
concludes that “the share of rice and maize in total cereal intake has historically
been much lower than assumed by international agencies” (p. 57) and that the
cereal consumption figure adopted by the FAO/WFP probably overstated their
role in the North Korean diet by approximately 20 percent. The United Nations
originally estimated overall demands as 167kg per person, 100kg from milled
rice, and 67kg from maize (corn), with potato consumption expressed in cereal
equivalent form. The 167kg figure was maintained until 2010-11 when it was
increased to 174kg to account for the inclusion of 7kg of soybeans. It was again
raised to 175kg in 2015-16, reflecting “151.3kg of cereals, including 58kg of milled
rice, 81.8kg of maize, 6.2kg of wheat and barley, 5.3kg of other cereals, as well as
13.4 kg of potatoes and 10 kg of soybeans in cereal equivalent. More other cereals
and less rice are included in the anticipated diet to reflect changes in crop
production in 2015 compared to 2014. Cereals, potatoes, and soybeans remain
the main source of nutrition for the population. The estimated per capita food
consumption of 175 kg represents about 1640 kcal per person per day.”® Time-
series production data are not available for the more minor crops, so to maintain
comparability in demand and supply over time, the original 167kg standard is
used on the demand-side, and only rice, corn, wheat, and potatoes are included
on the supply side.

Total requirements must also account for seed, livestock feed, and
postharvest losses. The estimated seed requirement is comparatively small and
stable. The FAO/WFP reports that it is estimated on the “basis of prevalent
seed rates used in the DPRK and the average area sown in the past three years,
allowing for some multiple planting/sowing” (FAO/WFP 2017).

Estimated livestock feed requirements are a different matter, however. The
initial 1995 FAO/WFP assessment estimated feed requirements at 1.4 million
metric tons (MT) of cereal, well above Kim, Lee, and Sumner’s (1998) estimate of

7 The initial FAO/WFP assessment released in December 1995 implied that the population was
just over 22 million. In the November 1997 food balance calculation, the FAO/WFP assumed that
mid-year 1998 population would be 23.5 million. As a point of comparison, the South Korean
government estimate was 21.9 million. By June 1999, however, it was apparent that famine mor-
tality was of such a magnitude that it was germane to calculate overall demand. Food balances
were subsequently recalculated based on an official North Korean government population esti-
mate of 22.55 million for August 1999—amounting to a downward revision of nearly one million
people from the FAO/WFP’s previous assumption. The population issue emerged again during
the hunger spike of 2008, when assessment teams were only able to access areas accounting
for less than 20 million people, while the putative population of the country was 24 million.

8 Hazel Smith (2008) provides a counterargument that because of its cold climate, caloric intake
needs in North Korea are higher than those specified by the UN agencies.
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584,000MT for a typical year. Subsequent reports (corroborated by eyewitness
accounts) described the culling of livestock on the order of “30 to 90 percent,”®
“more than half,””® and “most”" and the United Nations Development Programme
(UNDP) reported that “livestock and poultry populations fell dramatically after
the floods.”? As a consequence of these reductions in herd size, the estimated
feed requirement was cut to 600,000MT for the 1996-97 marketing year and
300,000MT for the 1997-98 marketing year, where it remained constant for a
number of years. Yet in the 2003-2004 assessment, the FAO/WFP reported

a figure on feed demand provided by the North Korean agriculture ministry

of 178,000MT, even though the FAO-WFP were reporting that the herds had
been substantially restocked. In other words, over the course of a decade, the
estimated feed requirement fell by more than 1 million metric tons—from nearly
a quarter of total use to less than 5 percent—despite a reported increase in herd
size. Imputed feed needs have remained at roughly this level since.

Finally, consider postharvest losses. Early FAO/WFP calculations assumed
that these were relatively minor, but they were raised to 12 percent of production
for the 1997-98 balance sheet and to 15 percent the following year. Currently,
they are assumed to be 20-22 percent for cereals, 30 percent for potatoes, and
10 percent for soybeans, but the process of arriving at these figures has been
protracted and contentious.” Larger postharvest losses would imply higher levels
of need and justify larger volumes of aid.

Because of these various sources of uncertainty, potential differences
among need estimates are large. And it should be noted that the human needs
consumption estimate is a minimum bound: food would have to be distributed
precisely across the population to avoid hunger, an accomplishment that
practically speaking, is inconceivable.

9 FAO/WFP (19964, 3).
10 FAO/WFP (1996b, 3).

N FAO/WFP (1997, 2). This report also observes that the extensive culling of livestock should
have, at least temporarily, increased the supply of meat and thereby reduced demand for other
foods.

12 The UNDP report goes on to quantify these losses: “Data gathered for the purposes of this
study indicate a reduction of 37 percent of cattle, 36 percent for sheep and goats. More
importantly, grain eating pig and poultry populations declined by 57 percent and 90 percent,
respectively” (United Nations Development Programme 1998, 16).

13 See FAO (2021). On the lack of empirical basis, the FAO/WFP state “the level of post-
harvest crop loss in DPR Korea has been a contentious issue in recent years, with estimates
ranging from 2 percent to as high as 30 percent. Unfortunately, none is based on quantified
investigation” (FAO/WFP 2003, 17-18). The following year’s report reads “the level of post-
harvest crop loss in DPR Korea has been a contentious issue in recent years, with estimates
ranging from 3 percent to more than 30 percent. Unfortunately, no systematic investigations
have been taken to clarify the issue” (FAO/WFP 2004, 15), and every report through 2014
contains similar language about lack of rigor underpinning these figures and the need for
formal study. The 2016 report is the first to mention any actual study: “In 2014 a study on
Post-Harvest Losses (PHL) of rice, maize, wheat and barley was carried out by the Pyongyang
Agricultural Campus and Kim Il Sung University in collaboration with FAO and UNDP. This
study estimated the PHL rates at 15.56 percent for rice, 17 percent for maize and 16.35 percent
for wheat, barley and other cereals, which are used in the balance sheet. As this study did
not consider potatoes and soybeans, the rates of PHL used in the past CFSAM reports of
15 percent and 5 percent, respectively, have been applied” (FAO/WFP 2016, 10). This work
appears to inform the subsequent estimates.
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What about the supply side? The biggest single component of supply is
domestic production (figure 1). There are three sources of production estimates. The
FAO uses selective field sampling to generate estimates of yields, yet due to the
agency’s official status, it is also diplomatically constrained to acknowledge North
Korean official representations (though the final call is the FAO’s).” This dynamic is
important insofar as North Korea has shown a past tendency to understate supply
during bad times to maximize assistance. In the spring of 2008, for example, the FAO
downwardly revised its estimate of the previous harvest by a whopping 25 percent.

Figure 1
North Korean grain production estimates, 1995/96 to 2020/21, thousands of
metric tons
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FAO = Food and Agriculture Organization; KRDA = (South) Korean Rural Development Administration;
USDA = US Department of Agriculture

Notes: Grain estimates in this figure include rice, corn, and wheat. In order to ensure comparability, KRDA’s
estimate of corn and rice production was adjusted by adding the USDA'’s estimate of wheat production.

Unlike the FAO, the United States Department of Agriculture (USDA) and the
(South) Korean Rural Development Administration (KRDA) do not have direct access
to North Korea but are also free to ignore North Korean official figures. They rely
primarily on satellite imagery (including thermal imagery to estimate yields for
dryland crops) and in the case of the South Korean government, the operation of
experimental farms mimicking North Korean agricultural techniques. As can be

14 An example would be the treatment of widespread, but illegal unreported plots, primarily on
sloping land. The Central Statistics Bureau cannot include this acreage in the official production
numbers, but the FAO can make an internal estimate of this activity and include it as a
“correction” to the official estimate.
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seen in figure 1, these two series are highly correlated but differ from the FAO
series, which exhibits higher volatility. This would be consistent with North Korea
exaggerating accomplishments in good times and then exaggerating distress
when seeking aid—but it would also be consistent with the human tendency to
hedge forecasts, thus reducing volatility, if not entirely reverting to trend.

Estimating imports is also a challenge. North Korea regards trade data as
a state secret, necessitating the construction of trade figures from the mirror
statistics of its partners. It is possible to track most aid, notably the share
passing through the WFP or other UN agencies, though some of the country’s
trade partners—notably China—are at times circumspect about revealing their
aid commitments. But the magnitude of discrepancies across external sources
on imports and aid is smaller than with respect to domestic production. At its
peak during the 2000-01 cycle, aid, in principle, fed roughly one-third of the
population. But as shown in figure 2, it has fallen dramatically, a victim of donor
fatigue and frustration with North Korean policies, and the compression of aid
has been a contributor to the decline in aggregate supply.

Lastly, it is possible that North Korea could be running down accumulated
stocks, including stocks reserved for the military. There is disagreement as to
the size of these putative stocks and North Korea’s management of them.” The
consensus is that the release of stocks is unlikely to have had a large quantitative
impact on the balance sheet, although it appears that they helped deflate a
2008 price spike.’®

In short, there was considerable uncertainty about the values of balance
sheet aggregates from roughly 1995 through 2005. Since then, the published
figures have settled down, but it is less clear to what extent this reflects genuine
improvements in knowledge, as opposed to the routinization of standard
operating assumptions.

Figure 2 reports two alternative estimates of North Korea’s grain balance.
One is constructed from FAO/WFP figures. The other adjusts these estimates
on both the demand and supply sides. On the supply side, the FAO production
estimate is replaced by the USDA estimate of North Korean production, and the
FAO estimate of imports is replaced by an average computed from COMTRADE,
USDA, and FAO data. On the demand side, the human consumption requirement
is adjusted downward by 20 percent, per Heather Smith (1998).

Net balance positions derived from those two exercises are reported in figure
3. The UN series are not plausible. If these figures were true, North Korea has
avoided food shortages in only two of the last 25 years. If North Korea really
experienced the chronic shortfalls depicted by this series, it would have been in
near-famine conditions almost continuously for a quarter-century, an outcome
contradicted by direct observation.

15  The FAO/WFP (2012) notes that “It is difficult to obtain accurate figures on the national stock
levels. By and large most of the apparent stocks are exhausted by September as the new
harvest of maize and potatoes is distributed through the PDCs (public distribution centers)
beginning in October.”

16 On the putative size of military stockpiles, see Noland (2000, box 5.2). Haggard and Noland
(2009) show that the release of stocks, together with the announced resumption of large-scale
aid, successfully punctured a price spike in May 2008. Military stockpiles were also rumored to
have been released in 2021 (Furukawa 2021).
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Figure 2
North Korean grain balance, 1995/96 to 2020/21, millions of metric tons
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Figure 3
Two estimates of the North Korean grain balance, thousands of metric tons
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The adjusted figures tell a more plausible story. The very large food deficits
during the famine period in the mid-1990s were followed by a modest agricultural
recovery and small surpluses. After 2005, however, the combination of declining
domestic production, higher global prices, and more erratic aid pushed available
supply below even adjusted total needs. That was followed by a weak recovery,
and in the 2020-21 harvest cycle, a fall back into deficit territory, though nothing
on the scale of the 1990s famine. The WFP reports that 2022 winter and spring
crops have been affected by inadequate water supply due to low snowmelt (WFP
2022a). Insufficient water is likely to depress production of winter and spring
crops, particularly potatoes, putting additional pressure on the food balance. The
advent of the COVID-19 pandemic and disruption to planting and harvesting due
to lockdowns and/or social distancing measures is likely to have further stressed
the agricultural production system. On this measure, the current situation is the
worst since the 1990s famine.

That said, the degree of distress currently observed in North Korea appears
to be lower than in Afghanistan, Somalia, Niger, Mali, and numerous other
countries according to an assessment by the WFP (2022b), as well as eyewitness
accounts (Raghavan 2022a, 2022b).
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PRICE EVIDENCE

Historically food was distributed through a quantity rationing system called the
Public Distribution System, which served nonfarm civilians, or roughly 70 percent
of the population. That system broke down during the stresses of the famine
period, and by the mid-1990s, most North Koreans reported purchasing most of
their food in the market (Haggard and Noland 2007, 2011; Kim 2017). In the most
recent survey conducted by the FAO/WFP (April 2019), all households, both
PDS-eligible and farm households, purchased food in the market. Prices matter.

North Korean authorities impede the collection and dissemination of price
data, but several NGOs use informants to collect and report price data, some
using telephones connected to the Chinese cellular network. Two sources, Seoul-
based Daily NK and Osaka-based Asia Press report data consistently. These
sources are widely used, including by the Korea Development Institute (Choi
2021, Korea Development Institute 2021).

Daily NK reports prices for three cities: Pyongyang, Sinuiju, and Hyesan
(figure 4). Pyongyang is the inland capital city where most of the wealth is.
Sinuiju is in North Pyongan province across the Yalu River from the Chinese
city of Dandong. It is the primary overland transit point for trade between
North Korea and China. Much of the trade transiting through Sinuiju ends up in
Pyongyang. Hyesan is a relatively small border city in Ryanggang Province. The
source reports prices for rice and corn, as well as the unofficial parallel exchange
rate for the US dollar and Chinese RMB.

The sample periods are August 2009 to the present for the dollar-won
and rice price series, November 2010 to the present for the corn price series,
and January 2019 to the present for the RMB-won series. This encompasses
a period of macroeconomic instability.” Choi (2021) observes that the North
Korean government may have also imposed price controls or altered the vestigial
functioning of the PDS, which would affect observed prices.

Asia Press publishes a single figure for the country. The data collection
location is not always reported (48 percent of observations). In the cases where
the data collection location is given, sometimes multiple locations are provided
for a single figure. Ryanggang Province, which includes Hyesan, is the most
frequently cited collection source (87 percent), followed by North Hamgyong
province (the North Korean rust belt, bordering China), 78 percent, and North
Pyongan (which includes Sinuiju), 15 percent. (The figures sum to more than
100 percent due to the multiple locations associated with some observations.)
The sample periods are shorter than for Daily NK: beginning in October 2017 for
all series except for the dollar-won exchange rate, which starts in September
2018. There is an imperfect overlap in the data collection locations and sample
periods across two sources. The price series for rice, corn, the dollar-won
exchange rate, and the RMB-won exchange rate are shown in figure 5. These
data should be treated with caution: there is no way to validate or confirm
their accuracy.

17 A failed November 2009 currency reform set off a near-hyperinflation; in 2012 prices stabilized
following the imposition of hardened budget constraints on state-owned enterprises. The
January 2020 border closure ushered in a period of uncertainty (Brown 2020). Volatility
intensified in August 2021 when the government apparently ran out of the specialized paper
and ink used to print currency and, in its stead, began issuing central bank certificates, a form
of scrip.
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Figure 4
Price data collection sites in North Korea
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With that caveat, the two price and two foreign exchange rate series are
correlated at the 5 percent level of statistical significance across the two sources
(table 1). Unsurprisingly, the correlations both across the two sources, as well
as across the three cities in the Daily NK data, are lower for grains, which would
be more difficult to arbitrage and may embody quality differences, than for
the exchange rates.”® Much of the Asia Press data appear to be collected in
Ryanggang, and its price and foreign exchange rate series tend to be more highly
correlated with Daily NK’s Hyesan series than with its Sinuiju series. Asia Press
does not claim to collect data in Pyongyang, and the correlations are the lowest
with the Daily NK’s Pyongyang data, less than 0.3 in the case of rice, raising
the guestion of whether these prices (or at least the Asia Press prices) can be
considered representative of the whole country.

18  See also Katzeff Silberstein (2022).
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Figure 5

North Korean rice and corn prices, the dollar-won exchange rate, and the

RMB-won exchange rate, by city
a. Rice prices, August 2009-August 2022
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Figure 5 continued
North Korean rice and corn prices, the dollar-won exchange rate, and the
RMB-won exchange rate, by city

c. North Korean won to Chinese RMB, January 2019-August 2022
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Table 1
Grain price and exchange rate correlations

Corn price correlations, Daily NK & Asia Press
November 2010-December 2021

Pyongyang Price  Sinuiju Price Hyesan Price Asia Press Price

Pyongyang Price 1

Sinuiju Price 0.992** 1

Hyesan Price 0.956** 0.963** 1

Asia Press Price 0.596** 0.621** 0.661** 1

Rice price correlations, Daily NK & Asia Press
August 2009-December 2021

Pyongyang Price  Sinuiju Price Hyesan Price Asia Press Price

Pyongyang Price 1

Sinuiju Price 0.991** 1

Hyesan Price 0.975** 0.98** 1

Asia Press Price 0.298* 0.338* 0.627** 1

RMB-won exchange rate correlations, Daily NK & Asia Press
January 2019-December 2021

Pyongyang RMB Sinuiju RMB  Hyesan RMB  Asia Press RMB

Pyongyang RMB 1

Sinuiju RMB 0.998** 1

Hyesan RMB 0.997** 0.998** 1

Asia Press RMB 0.979** 0.978** 0.978** 1

USD-won exchange rate correlations, Daily NK & Asia Press
August 2009-December 2021

Pyongyang USD Sinuiju USD  Hyesan USD  Asia Press USD

Pyongyang USD 1

Sinuiju USD 0.998** 1

Hyesan USD 0.998** 0.998** 1

Asia Press USD 0.96** 0.964** 0.965** 1

** p<0.01; * p<0.05

Notes: All prices and exchange rates are averaged at the monthly level. The sample period for the Daily
NK corn series starts in November 2010; the Daily NK rice and US dollar-won series start in August 2009;
finally, the Daily NK RMB-won series starts in January 2019. The sample period for the Asia Press corn, rice,
and RMB-won series starts in October 2017; the Asia Press US dollar-won series starts in September 2018.

Haggard and Noland (2009) show that over the period 2004-08 prices
converged spatially in North Korea. There is evidence that this process of market
integration may have been reversed by the pandemic-related border closure.
Figure 6 plots a 12-month moving average cross-city price correlations. The
degree of cross-city price correlation begins to fall after the border closure and
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declines further after the issuance of scrip in the fall of 2021. Hyesan prices in
particular diverge from those observed in the other cities.

Figure 6
12-month rolling correlations of North Korean cross-city rice and corn prices

a. City rice prices, August 2010-May 2022
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Similar results are obtained from econometric estimation. Table 2 reports
results for a linear regression of log prices on appropriate dummy variables
obtained from feasible general least squares (FGLS) estimation adjusted for panel-
specific autocorrelation, cross-sectional correlation, and heteroskedastic errors
with the caveat that examination of residuals indicates that there may still be some
autocorrelation at higher orders and possibly downward bias in the estimated
standard errors. Corn prices rise after the border closure, though the prices in
Hyesan do not rise as much as in the other cities. In the case of rice, border closure
is not associated with an increase in prices, but prices in Hyesan are on average
higher than in the other cities. As noted earlier, the main overland trade conduit
runs from Sinuiju to Pyongyang; imports and/or aid may have stabilized prices
along this supply line (particularly with regard to rice and the politically privileged
capital city), but not in less favored areas. The border closure and the subsequent
issuance of scrip appear to have contributed to price volatility as well. Figure
7 plots the 3-month moving average of the coefficient of variation of Daily NK
rice and corn prices across cities. The plots reveal a substantial increase in price
volatility after the border closure and the issuance of scrip.

Table 2
Panel FGLS regressions

Corn prices Rice prices
Sinuiju -0.001 0.009
(0.025) (0.008)
Hyesan 0.038 0.044x**
(0.044) (0.017)
Border Closure 0.260** -0.069
(0.129) (0.046)
Scrip Issuance -0.196 -0.001
(0.136) (0.076)
Sinuiju*Border Closure -0.019 0.007
(0.035) (0.016)
Hyesan*Border Closure -0.132** -0.038
(0.064) (0.031)
Constant 7.476*** 8.509***
(0.086) (0.034)
N 324 291

* p<0.1; ** p<0.05; *** p<0.01
FGLS = feasible general least squares

Notes: Prices are logged. Data are deseasonalized via the inclusion of monthly dummy variables. Model
is fit for panel-specific autocorrelation of an AR(1) process. It also specifies a heteroskedastic error
structure with cross-sectional correlation.

Source: Daily NK.
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Figure 7
3-month moving average of the coefficient of variation of rice and corn
prices across North Korean cities, August 2009-August 2022
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0.20
0.15
0.10
b w \//\ /\ W
\ LJ\>/\J J,.
0 L 1 1 1 ]
08/ 08/ 08/ 08/ 08/ 08/ 08/ 08/ 08/ 08/ 08/ 08/ 08/ 08/
2009 2010 20T 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
Rice
Corn

Note: The vertical red line indicates the January 2020 border closure. The coefficient of variation is
calculated by dividing the standard deviation by the mean of prices across North Korean cities.

Source: Daily NK.

The corn-rice relative price can be interpreted as a signal of household
distress. As the price of rice, the preferred grain, rises, households shift to
cheaper, less preferred grains such as corn, barley, and millet, and, in the worst
case, turn to grasses and foraging for other plant sources of food. Figure 8
reveals some upward drift in this relative price following the border closure and
the issuance of scrip. But the interpretation of this relative price movement is not
straightforward.

While most of the grain is consumed in North Korea, imports and aid are the
marginal sources of supply. Figure 9 shows the Daily NK and Asia Press data
along with global prices for rice and corn, respectively, expressed in dollars using
the parallel exchange rate. (In the interest of comprehensibility, the separate
Daily NK city figures are averaged in figure 9.) Two things are striking about
these graphs: first, North Korean internal food prices appear to be higher than
global prices, sometimes by a large margin. Second, this divergence widened
significantly beginning in early 2021.

Most of those imports are sourced in China (as is the aid), so maybe
Chinese, not global prices are relevant.”” North Korean and Chinese prices for
rice and corn, respectively, expressed in RMB using the parallel exchange rate

19 All Chinese price data was acquired via Wind.
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are displayed in figure 10.2° The results are similar: North Korean rice prices are
always higher than Chinese prices, and this divergence grew, starting in 2021.
That is not always the case for corn: at times the North Korean internal price is
lower than that observed in Northeast China, though as in the case of rice, North
Korean internal prices began outstripping the Chinese price in 2021.

Figure 8
Relative prices of corn and rice in North Korea, May 2018-August 2022
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Note: The vertical red line indicates the January 2020 border closure.
Sources: Daily NK and Asia Press.

Lastly, figure 11 compares the North Korean corn-rice relative price to that
observed in the global and Chinese markets. Global rice prices have been stable
relative to other cereals and consequently, the global relative price of corn has
been rising. It is not clear whether the rising corn-rice relative price internally is
signaling local distress or is simply reflecting global market conditions. Bivariate
Granger-Sims causality tests were run on North Korean rice and corn data and
both the global and Chinese price data but failed to reveal any consistent pattern
of causality, presumably because of the relatively low frequency (and in some
cases, short sample periods) of the data.

20 In the case of corn, these are prices for three Northeastern Chinese provinces adjacent to
North Korea. This price series is used in preference to a nationwide series because the nearby
region is presumably more integrated with North Korea (and indeed, the correlation is a bit
higher) and because the regional series has a larger sample than the national series. For rice,
the average Chinese national price is used because the regional price series has a lot of missing
observations, and in any event, the price is controlled as evident in the graph.
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Figure 9
North Korean versus global prices of rice and corn

a. Rice prices in North Korea vs. world, August 2009-August 2022
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Figure 10
North Korean versus Chinese prices of rice and corn

a. Rice prices in North Korea vs. China, October 2017-March 2022
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Note: The vertical red line indicates the onset of COVID-19 lockdowns in January 2020.
Sources: Daily NK, Asia Press, and China’s Ministry of Agriculture via Wind.
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Figure 1
North Korean corn and rice relative prices versus prices observed in global
and Chinese markets

a. Corn-rice relative price in North Korea vs. world, November 2010-August 2022
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b. Corn-rice relative price in North Korea vs. China, June 2015-August 2022
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In sum, North Korean grain prices generally appear high relative to either
global or Chinese prices and this divergence is rising. There is some evidence
that internal price dispersion has increased following the border closure and
pandemic-related restrictions on internal movement, reversing a trend toward
a more integrated national market. From the standpoint of food security, these
developments are not salutary, reinforcing the negative message derived from
the quantity analysis.

OTHER FORMS OF EVIDENCE

The quantity and price evidence presented thus far can be used to make indirect
inferences about distress in North Korea. Clearly, it would be desirable to have
direct observation, particularly in the North Korean case where considerable
evidence documents the non-uniformity of distress across geographical regions
and political-economic classes. Unfortunately, the North Korean government
systematically impedes access of foreign observers, including relief agencies,
rendering even their efforts to collect systematic data on conditions suspect.
While outside evaluators are sometimes given highly controlled access to
households and institutions, assessment teams are not permitted to visit
markets. Access by relief agencies probably peaked around 2008, and with the
subsequent diminution of aid volumes, North Korea responded by curtailing
access. In recent years, when it has had access to the country, the FAO has
continued to conduct limited but informative surveys. The border closure
associated with the pandemic, however, ended access by foreign staff entirely.

While opportunities for direct observation declined, commercial satellite
imagery became more widely available. The Korean peninsula experiences
summer monsoons, which are associated with flooding. That historical pattern
intensified in the 1990s following the collapse of the Soviet Union and the
dissolution of the Eastern Bloc. The USSR had been North Korea’s main supplier
of oil, which was used as feedstock for fertilizer production. Deprived on
industrial inputs, agricultural yields began to fall. To maintain output, more and
more marginal land was brought into cultivation. Hillsides were denuded of trees,
which in turn, contributed to soil erosion, and the silting of irrigation canals,
rivers, and reservoirs. The water carrying capacity of the land declined, and in
the context of the summer monsoon rainfall pattern on the Korean peninsula,
flooding worsened.

In conjunction with meteorological data, satellite imagery can be useful in
determining the geographical incidence of flooding, and whether it has affected
important growing areas (and thus might materially impact the aggregate
harvest) or whether it has hit food-deficit regions that might not have a large
impact on the overall harvest (as appears to have been the case in 2021). Even
in the latter case, flooding could portend localized hunger, particularly if the
pattern of interregional transfers breaks down (Furukawa et al. 2021, Bermudez
et al. 2021). So, for example, in 2021 the flooding and associated destruction
of infrastructure appears to have been most severe in grain net deficit in North
and South Hamgyong provinces and adjacent Ryanggang province, but there
were anecdotal reports that traders were transporting grain into these regions in
response to elevated prices (Furukawa 2021).
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Floods were not the primary cause of the 1990s famine (Noland, Robinson,
and Wang 2001). But floods continue to play an important diplomatic role by
providing a politically expedient lens for North Korea (and donor organizations) to
characterize the country’s food insecurity. Satellite imagery can help pinpoint the
degree of distress attributable to natural disasters. At present, flooding appears to
be a localized contributory factor, not a primary driver of food insecurity.

OUTLOOK

This paper has triangulated three forms of evidence—quantity, price, and satellite
imagery—to assess food insecurity in North Korea. All three forms of evidence
point to deteriorating conditions under the multiple stresses of North Korea’s
self-isolating response to the global COVID-19 pandemic, preexisting multilateral
sanctions, and now the war in Ukraine.

The quantity balance exercise is subject to considerable uncertainty. But even
under relatively optimistic assumptions, the food availability appears to have
fallen below the level required to satisfy minimum human needs, though not to
the degree observed during the 1990s famine period. In 2022, weather appears
to be depressing the output of winter and spring crops putting additional
pressure on the grain balance as well.

Prices have risen steeply, and by magnitudes that cannot be explained by the
contemporaneous increase in global or Chinese grain prices alone. In the case
of rice, there is evidence of increased cross-regional price dispersion, potentially
signaling the disintegration of the market.

Finally, satellite imagery confirms 2021 flood damage. However, the worst
affected regions appear to be outside the primary grain-growing areas. This
means that while the floods may not have had a major impact on the overall size
of the harvest, they may intensify difficulties experienced in food deficit areas
of the northeast.

To these stresses, the war in Ukraine and the advent of the COVID-19 pandemic
can be added. The former is likely to worsen food availability in North Korea,
though there are potential offsetting considerations. The war has contributed to
arise in food and energy prices globally and has been particularly disruptive to
the wheat market. North Korea is a net importer of food and energy (and fertilizer,
which is energy-intensive in production), so these price movements represent
a deterioration in the country’s terms of trade. The effects may be somewhat
ameliorated by the fact that rice prices have risen less than other foods, and wheat
only accounts for roughly 2 percent North Korea’s grain imports and consumption.

There also may be some offsetting effects on the terms of trade. Prior
to exports being banned by the UN Security Council, coal was North Korea’s
largest export with approximately 95 percent of it going to China. This trade
has continued surreptitiously under sanctions and prices are rising. While China
has declared a long-term goal of carbon neutrality, it is adding more coal-fueled
power plants in response to local power shortages and uncertainties in global
energy markets, and demand for North Korean coal is unlikely to diminish.?

21  Bonnie Girard, "How China’s Coal Commitment Went up in Smoke,” The Diplomat, August
31, 2022, https://thediplomat.com/2022/08/how-chinas-coal-commitment-went-up-in-
smoke/; Bloomberg News, “China May Boost Coal Power Plant Building Amid Energy Crunch,
September 8, 2022, https:/www.bloomberg.com/news/articles/2022-09-08/china-to-add-
more-coal-plants-than-thought-to-ease-energy-crunch.
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Similarly, while energy prices are rising, Chinese refiners are reportedly importing
Russian oil at significantly discounted prices, and it is conceivable that North
Korea could benefit from a partial passthrough of this windfall.

North Korea also has a history of supplying personnel and weaponry to
civil wars with Russian involvement including in Vietnam, Ethiopia, and Syria.
According to the US government, North Korea is already supplying artillery shells
and missiles to Russia, and it is conceivable that as the Russian war effort in
Ukraine grinds on, North Korea could even become a source of personnel, though
again, as in the case of coal exports, such transactions in principle would be
prohibited by UN sanctions.?? In short, the global rise in food and energy prices
is bad news for North Korea, but some of the adverse movements in the terms of
trade might be offset through idiosyncratic channels.

Finally, North Korea has admitted that the COVID-19 pandemic has arrived,
though given the apparent lack of testing capability, the official figures, which
would be subject to skepticism in the best of circumstances, are unusually
uncertain (Williams 2022).2® The government has imposed a countrywide
lockdown. From a food security standpoint, it comes at an inopportune time
of the year, when workers would normally be mobilized to participate in the
harvesting of winter crops and participate in the planting of rice. How these
activities will be managed under the lockdown is unclear.

The government has repeatedly refused offers of vaccines from multiple
potential donors, though it has accepted personal protective equipment from
China, and has announced that a vaccination campaign, presumably based
on donated Chinese vaccines, will begin in November 2022.2* That said, the
pandemic is currently hitting an immunologically naive population that is
afflicted by hunger and extraordinarily high rates of tuberculosis. Until resolved,
the absence of vaccination may constrain the country’s ability to reopen to
international trade and the cross-border movement of people going forward.

Yet despite these fundamental public health challenges, North Korea
continues to develop weapons of mass destruction and delivery systems,
apparently test-launching an intercontinental ballistic missile (ICBM) in May
2022. Under such circumstances, it is understandable if countries either sought
to steer aid toward more deserving recipients (e.g., the numerous countries that

22 Julian E. Barnes, “Russia is Buying North Korean Artillery, According to U.S. Intelligence,” New
York Times, September 5, 2022, https:/www.nytimes.com/2022/09/05/us/politics/russia-
north-korea-artillery.html; Adela Suliman, John Hudson, Karoun Demijian, and Alex Horton,
“Russia buying weapons from North Korea for Ukraine was, U.S. intelligence says,” Washington
Post, September 6, 2022, https:/www.washingtonpost.com/world/2022/09/06/north-korea-
russia-weapons-ukraine/.

23 On1June 2022, World Health Organization (WHO) emergencies chief Michael Ryan told
reporters that in the absence of any independent data or access on the ground, “We assume
the situation is getting worse, not better” (“North Korea’s Covid outbreak likely ‘getting worse’,
WHO says,” Guardian, June 1, 2022, https://www.theguardian.com/world/2022/jun/02/north-
koreas-covid-outbreak-likely-getting-worse-who-says; Michelle Ye Hee Lee and Min Joo Kim
“Making sense of N. Korea’s coronavirus mystery — and its menace,” Washington Post, June
3, 2022, https://www.washingtonpost.com/world/2022/06/03/north-korea-covid-outbreak-
information/?utm_source=rss&utm_medium=referral&utm_campaign=wp_world).

24 William Gallo, “North Korea Hints at Vaccine Campaign, But No One Knows the Details,” VOA,
September 15, 2022, https:/www.yoanews.com/a/north-korea-hints-at-vaccine-campaign-
but-no-one-knows-the-details/6748436.html; AFP, “North Korea to begin Covid-19 vaccine
campaign around November: state media,” https:/guardian.ng/news/north-korea-to-begin-
covid-19-vaccine-campaign-around-november-state-media/.
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appear to confront more profound food emergencies) or to link the provision of
humanitarian assistance with other diplomatic goals. At present, the diplomatic
leverage conferred by aid would appear to be low, however. North Korea appears
to be committed to its nuclear posture, in September 2022 codifying into law

its status as a nuclear power and adopting a first-strike doctrine.?> The lack of
accountability allows the regime to prioritize its narrow goals to the detriment of
food security to an uncommon, if not unprecedented, degree. Kim Yo-jong, sister
of Kim Jong-un and a member of the State Affairs Commission of North Korea,
put it succinctly, “no one barters its destiny for corn cake.”?¢

Moreover, tensions between the West and China and Russia are now such
that any linkage policy would be subject to enormous coordination problems. To
wit, following North Korea’s May 2022 ICBM test, Russia and China vetoed a UN
Security Council resolution to tighten economic sanctions.

The lack of both internal accountability and external pressure help explain
the persistence of North Korea’s food insecurity and why there will be no fast
resolution to the North Korean conundrum. North Korea presents the world
with an ongoing complex humanitarian emergency with food insecurity at its
core. The long-run solution to the country’s chronic food insecurity lies in a
resolution of the nuclear issue and removal of economic sanctions, in addition to
the initiation of domestic economic reforms that would open and revitalize the
industrial and service sectors of the economy. These reforms would allow North
Korea to export industrial products and tradable services, earn foreign exchange,
and import bulk grains on a commercially sustainable basis, as do its neighbors
South Korea, Japan, and China.

An open guestion is whether that solution is attainable under the incumbent
political regime or whether a change in political regime is a prerequisite to
resolving this complex humanitarian emergency. The examples of China and
Vietnam suggest that economic reform can be undertaken without destabilizing
incumbent communist regimes, though at the time that each initiated their
respective reforms, neither country maintained external relations as fraught as
North Korea does today. The outstanding issue would seem to be the willingness
of the present North Korean regime to pursue that reform path, or whether the
foreign and domestic policy commitments of the current regime, together with
enablement by China and Russia, will discourage the policy changes that would
avert such distress in the future.

25 Min Joo Kim, “North Korea codifies right to launch preemptive nuclear strikes,” Washington
Post, September 9, 2022, https:/www.washingtonpost.com/world/2022/09/09/north-korea-
nuclear-weapons-kim-jong-un/; Christian Davies, “N Korea proclaims first-strike atomic policy,”
Financial Times, September 10, 2022.

26 Kim Tong-hyung, “North Korea dismisses Seoul’s aid offer as ‘foolish’ repeat,” Associated Press,
August 18, 2022, https://apnews.com/article/united-states-seoul-recycling-south-korea-bfe6
820d4b34fc441f67b414476cf77f?s=09 (accessed on August 18, 2022); Michelle Ye Hee Lee,
“North Korea rejects South'’s ‘absurd’ offer on disarmament,” Washington Post, August 19, 2022,
https:/www.washingtonpost.com/world/2022/08/19/north-korea-kim-yo-jong-reject-south-
president/ (accessed on August 19, 2022).
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