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Abstract

Largely due to data unavailability, the spatial pattern of urban growth in North Korea has
been rarely studied. This study explored urban changes in North Korea and provided their
plausible causes. The present study used satellite-based land cover datasets produced by
the government of South Korea to examine the extent and distribution of urban land
cover in North Korea between the late 1980s (1987-1989) and late 2000s (2008-2010) at
the municipal level. Urban Expansion Intensity Index (UEII) was calculated for two ten-
year intervals and the spatial autocorrelation of UEII values was examined. Major
findings from the study are summarized as follows: (1) the capital city Pyongyang’s
dominance continued without an obvious sign of slowing down; (2) economic
development districts do not appear to have much influence on urban land cover changes;
and (3) the extent of urban land cover slightly decreased in much of the country between
the late 1990s (1997-1999) and late 2000s (2008-2010). The results and discussion in this
study suggest internal migration and stagnant economy as probably important causes for
the phenomena.
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Introduction

Shortly after the end of the Second World War in 1945, vastly different political-
economic governments were established in North and South Koreas, respectively. A
communist government was established in North Korea (officially known as the
Democratic People’s Republic of Korea), and it maintained robust economic growth and
higher GDP per capita than South Korea (officially known as the Republic of Korea)
through the 1960s but stagnated thereafter (Jo & Adler, 2002; Statistics Korea, 1995).
The communist government lead to formation of a distinct spatial structure from that of
South Korea, which adopted a capitalist development strategy (Jo & Adler, 2002). The
formation of spatial structure in North Korea was strongly influenced by the socialist
ideology, political and military considerations, and urban planning policies (Lim, 2009).
As a result, city rankings by population in North Korea changed significantly over time
since the establishment of the communist government (Jo & Adler, 2002; Jo, 2013).
Pyongyang!, the capital city, remained to be the largest city, but others fell in ranking and
new ones rose (Jo & Adler, 2002). However, North Korea does not regularly produce
census data, of which reliability is questionable at any rate (Lee, 2011). Therefore,
research into changes in spatial structure in North Korea remains challenging.

Growth of cities in North Korea inevitably resulted in land use/cover changes (e.g.,
conversion of croplands to residential lands), but due to the lack of data and accessibility,
it has not been well studied. A few studies (Engler et al., 2014; Choi et al., 2017; Kang &
Choi, 2014; Zheng et al., 1997) on land cover changes in North Korea focused on
deforestation using satellite remote sensing-based data. Satellite remote sensing images
contain digital numbers that reflect the signal received by the sensor, and the digital
numbers are classified into land cover categories. Previous studies on the spatial structure
in North Korea focused on the national scale structure (Lim, 2009) or the population of
cities (Jo & Adler, 2002) and did not examine the changes in the extent and distribution
of urban land cover. Examining land cover changes is necessary to complement the
investigation of spatial structure in North Korea with spatial details. The Ministry of
Environment of the Republic of Korea produced high-resolution land cover dataset for
the entire Korean Peninsula representing the late 1980s (1987-1989), late 1990s (1997-
1999), and late 2000s (2008-2010). Using the data, this study contributes to deeper
understanding of the expansion of urban land cover in North Korea since the late 1980s.

The investigation starts from the late 1980s because of data availability, but the 1980s are
also the time when North Korea began to noticeably change its economic policy. The
economic degradation that began to occur in the mid-1970s is related to the development
of cities in the east- and west-coast regions in the 1980s for enhancing economic
productivity (Jo & Adler, 2002). In 1984, North Korea enacted a law (so-called
habyeongbeop) allowing foreign direct investment. In 1991, it designated a region of 621
km? in the northeast corner as a ‘free economy and trade district” and two ice-free port

! Place names and other words in the Korean language in this article are transliterated
according to the Notification 2000-8 of the Ministry of Culture, Sports and Tourism of
the Republic of Korea except for Pyongyang, which is transliterated worldwide as such.
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cities in the district (Rajin and Seonbong) as free trade ports (Lee, 2015). The district was
intended to function as hubs for trade, manufacturing, tourism, and banking (North Korea
Information Portal a). Being about 100 km from the Russian city of Vladivostok, it shares
the border with both China and Russia. North Korea continued to increase the extent to
which it opens its economy to the outside world and loosened grip on the economy in
response to the crisis in its state-controlled economy in the 1990s. Private markets were
permitted more widely and additional special economic zones were designated (North
Korea Information Portal a). We speculate that such socio-economic changes drove land
cover changes to some (unknown) extent. This study attempted to examine the changes in
the extent and distribution of urban land cover in North Korea. Specifically, this study
intended to answer the following questions: (1) What are the spatial characteristics of
urban expansion in North Korea between the late 1980s and late 2000s? and (2) How do
the characteristics differ between the decade of 1980s-1990s and that of 1990s-2000s?
While answering the questions, we examined significant policy and socio-economic
changes that could be related to the urban land cover change.

Materials and Methods

Study area

The study was conducted for the entire North Korea. The administrative district map of
North Korea at the provincial and major city levels is provided in Figure 1. The ten
largest cities by population were identified from the 2008 census data (re-cited from Jo
(2013)). Pyongyang (the capital) is a province-level city. Pyongyang was the largest city
with a population of 3.25 million, followed by Hamheung (769,000) and Cheongjin
(668,000). Sariweon, the 10" largest city, had a population of 307,764. The entire country
had a population of about 24 million, and the ratio of urban population was 60.6%
(Statistics Korea, 2011). By comparison, the ratio was more than 80% in South Korea.
Because North Korea frequently changed administrative districts throughout the history,
city-level population changes between censuses should be examined with caution (Jo,
2013). For example, Nampo’s population was 367,000 in the 2008 census but was
731,000 in the 1993 census. It is believed to be due to redistricting (Jo, 2013).

Many of the ten largest cities are historically large cities (Pyongyang, Hamheung,
Cheongjin, Weonsan, Sariweon, and Sineuiju). They had grown into large cities before
the establishment of the communist government and maintained steady growth since then
(Jo, 2013). Particularly, Hamheung and Cheongjin saw heavy industry develop during the
Japanese colonial period (Lim, 2009). Nampo is a satellite city to Pyongyang and heavy-
industry-oriented, whereas Dancheon contains significant rural population (30% of total)
(Jo, 2013) and is also heavy-industry-oriented (Lim, 2009).

Data

The data used for this study consist of three gridded land cover data sets of North Korea,
each of which represents land cover conditions in the late 1980s, 1990s, and 2000s,
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respectively. Hereafter, they are referred to as the 1980s, 1990s, and 2000s data sets.
Land cover data as digital maps were produced by the Republic of Korea’s Ministry of
Environment (MoE) (MoE 2016). The 1980s and 1990s data sets were produced from the
Landsat TM imagery for 1987-1989 and 1997-1999, respectively. The 2000s data set was
produced from the Landsat 7 ETM imagery for 2008-2010 (MoE 2016). Each land cover
digital map covers 150 9 150 at the 1:50,000 scale so that 487 maps were produced to
cover the entire North Korea for each term. For the accuracy assessment, MoE derived
samples from the center of the 1-min grids of each 1:50,000 digital map (150 9 150) so
that 225 samples were checked for each map. As reference data, topographic maps for
North Korea (1:50,000), military base maps (1:50,000) by the Republic of Korea Army
Mapping Agency, forest type maps, and vegetation maps were used. According to the
land cover map guideline by MoE (2013), the land cover data had more than 70%
accuracy for classification in the North Korean region. The maps have seven land cover
classes: water, developed, barren land, grassland, wetland, forest, and agriculture. Further
description of the data can be found in previous studies that used the same data set (Choi
et al.,2017; Kang & Choi, 2014).

For the analysis, first, the portion of North Korea was clipped out from the original data
sets for the three periods. The land cover data were then pre-processed to extract urban
areas. In this study we used the ‘developed’ class as substitute for urban land cover.
According to the Ministry of Environment (2013), the ‘developed’ class includes built-up
areas such as residential, commercial, industrial, and transportation. Three grid maps
containing only urban pixels were generated.

Urban Expansion Intensity Index (UEII)

The urban expansion intensity index (UEII) for a spatial unit can be defined as the
average annual proportion of newly increased urban area to its total area. In other words,
it indicates how much urban areas increased in spatial unit 7 with respect to the total size
of spatial unit i. UEII is calculated using the following equation:

ULAZZ-ULAS

UEL; = TLA;XAt

This method has been used to quantify the magnitude of urban sprawl or expansion in
multiple studies. For example, Hwang et al. (2011) employed the UEII method to
compare the urbanization patterns of suburban municipalities around the City of Seoul,
Republic of Korea, and Kang (2016) explored the spatial relations between the urban area
expansion and developed area fragmentation in Gangwon Province, Republic of Korea.
Lu et al. (2014) employed the UEII method to explore and understand the spatio-temporal
features and their trends found in urban land expansion across the different decades in the
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Wuhan region, central China. They found that the spatial expansion pattern of the study
area was concentrated and regionally imbalanced across the overall study period.

In this study, we calculated UEII for two time periods: between 1980s and 1990s and
between 1990s and 2000s. The spatial unit was municipality (si or gun in Korean) that are
fully nested in 10 provinces (do in Korean). We counted 196 municipalities in the
administrative boundary map. It should be noted that administrative districts were likely
to be different in the 1980s and 1990s. We used the same administrative map for previous
decades to maintain consistency. Since we examined changes not in population but in the
number of urban pixels, administrative district changes do not affect our findings.

Local Moran’s |

Local Moran’s 7 statistic can identify spatial clusters and outliers in spatial data (Anselin,
1995). The value of local Moran’s I at each enumeration unit is determined from the
values of the attribute of neighboring units (Eq. 2 and 3). Positive values indicate that a
unit has a similar attribute value to its neighbors, whereas negative values indicate that
the area has both low and high attribute value units. Thus, local Moran’s / is an indicator
of data homogeneity or diversity. In the result map, each enumeration unit will have HH
(High-High), HL (High-Low), LH (Low-High), or LL (Low-Low) designations if the
spatial association is statistically significant (O’Sullivan & Unwin, 2010). HH means
both target and its neighboring units have high UEII values and LL means both target and
its neighbors have low UEII values. HL represents that target unit has high UEII and
neighbors have low UEII, and LH represents the inverse of HL. Therefore, it allows us to
easily identify which part of North Korea experienced high urban expansion. If the local
pattern is random, the association is not statistically significant.

xi—X on

li = =7 Lj=n,j=i Wi, (% — X) e Eq.2

where x; is an attribute for feature 7, X is the mean of the corresponding attributes, w; j1s
the spatial weight between feature i and j, and:

_ Z?:Lj;:i(xj_)?)z ¥y

n-—1

S
with n equating to the total number of features.
Results

Urban land cover change

Increases in urban pixels are clearly visible between the late 1980s data and late 2000s
data (Figure 2), particularly in the western inland and eastern coastal regions. The
western inland region contains Pyongyang, which has been the most dominant city in the
country. As seen in Figure 1, its areal extent is quite large, and it is a province-city



196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241

containing substantial rural areas. Figure 2 suggests that urban expansion occurred fast in
the rural area of the province-city, resulting in an increase of 27% (Table 1). Nampo also
gained more than 20%. Urban pixels increased by more than 300% in Dancheon on the
east coast (Table 1). Other cities on the east coast gained urban pixels substantially, for
example Cheongjin 48% and Weonsan 32%. Hamheung, which was the second or third
most populous city in the country in the last several censuses, gained 13%.

Increases in urban pixels are hard to find in the central inland region. Before the mid-
1970s, North Korea actively pursued development of cities in the central inland region
for regional balance and military considerations (Jo & Adler, 2002) and to promote trade
with China (Hastings, 2016). However, the region had none of the top ten cities by
population. The most populated city in the region is Ganggye (252,000), ranked 14" in
the latest census. Such government-led development appears to have stalled on the land
cover dataset, and some urban pixels are visible only for the 1980s, indicating some
urban land cover converted to non-urban since the 1990s. On the other hand, the small
change along the border with South Korea is in part due to the concentration of
development around Pyongyang (Jo & Adler, 2002). Even though the changes are small
along the entire border, the urban area in Gaeseong increased from 1987 to 2010. In
particular, Kaesong (Gaeseong) Industrial Region broke ground in 2003 and its phase 1
was completed in 2007 in the area between downtown and the eastern border (Figure 2),
leading to increases in both urban areas and bare ground for factory constructions.

Sineuiju is the only top-ten city that lost urban land cover during this time, by 36% (Table
1). It is quite surprising because Sineuiju has been an important hub of both industry and
trade since railroads were built in the early 20" century. It should be noted that a large
decrease occurred between the late 1980s and late 1990s, and the change between the late
1990s and late 2000s is small. We attribute the large decrease in the former decade to the
misclassification of the images in period 1 (1987-1989) based on the observation of old
satellite images in Google Earth. The stagnation in the latter decade can be explained by
two reasons. First, frequent floods in North Korea, for example the flooding in 1995,
affected the urban land cover of Shineuiju (Park & Yu, 2009). Most of the city area of
Shineuiju is lower than the Amnokkang (the Yalu), thus the city is particularly vulnerable
to flooding (Dormels, 2014), and North Korea is very resilient to frequent flooding.
Second, Sineuiju’s economic development plan has not progressed since 2002 because of
changes in on-and-off geopolitical relations between China and North Korea, hindering
economic development and expansion of urban areas in Sineuiju (Finch, 2016).

Overall, the urban land cover for the entire country increased from 1405 km? to 1933 km?
between the 1980s and 2000s (Choi et al., 2017). Even though it increased substantially,
urban land cover is still quite small with respect to the entire land area.

Distribution of and Changes in UEII
The UEII values are quite small in their magnitude, not exceeding 1.3 in any municipality

in any time, and generally larger and more variable for the decade between the late 1980s
and 1990s than the one between the late 1990s and 2000s (Table 1). For the late 1990s-
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2000s, both the mean and the median are negative, although almost zero, and the range is
less than half that of the late 1980s-1990s. The maximum is just about 4 of that of the
late 1980s-1990s. In short, the result suggests that urban expansion was less intense in the
latter period on average, and it is in part because the absolute area of developed lands
decreased between the late 1990s and 2000s (Choi et al., 2017). Developed lands for the
entire country increased by 44% during the first decade but decreased by 5% during the
second decade, which could be in part due to classification errors of the remote sensing
data and in part due to abandonment of developed lands (Choi et al., 2017).

UEII between the late 1980s data and the late 1990s data is high in some coastal
municipalities and in the southwest whereas generally low in most of other parts of the
country (Figure 3(a)). During this period, 166 out of 196 municipalities had positive UEIL
values. Municipalities in and around Pyongyang show high UEII values, suggesting
intense urban expansion in and around the nation’s capital. The low-lying west coast
municipalities also show generally high UEII values, whereas the high-plateau inland
region has low UEII values. We note that municipalities with high UEII values generally
correspond with the ten largest cities in the latest census (Figure 1). However, often
higher UEII values are found just outside the largest cities such as Sineuiju, Gaeseong,
Gaecheon, and Dancheon. At the same time, Sineuiju itself and some municipalities
inside Pyongyang had negative UEII values.

Between the late 1990s and late 2000s, UEII was larger than zero in 65 out of 196
municipalities, much fewer than the previous decade. Such municipalities are found in
and around a few large cities in the west and east such as Pyongyang, Nampo, and
Hamheung (Figure 3(b)). Nampo is a port city that connects Pyongyang and the world,
and the Pyongyang-Nampo corridor is home to several heavy industry companies
(Dormels, 2014). Nampo is well equipped with roads and railroads, and has been
handling most of freight that comes to North Korea as humanitarian aid since the 1990s
(North Korea Information Portal b). Four contiguous municipalities on the west coast
between Sineuiju and Gaecheon show increased UEIL, and one of them is Guseong, the
17" largest city by population in the latest census. Guseong continued to grow in
population since 1940 (Jo, 2013), which likely resulted in urban expansion. Compared to
the previous decade, urban expansion slowed or reversed in the southwestern region and
much of the east coast.

The overall stagnation of urban expansion during the late 1990s-2000s may be
understood in the political and economic context. The second half of the 1990s was quite
a challenging time for North Korea. Kim Il-sung, the country’s leader since its
foundation, died in 1994, and his son Kim Jong-il inherited the power. But Kim Jong-il
did not expose himself to the world until 1997 when he officially became the Chairperson
of the Workers’ Party, which has been the country’s one and only ruling party. In the
meantime, North Korea endured so-called Arduous March, which refers to the massive
famine during the late 1990s and the political slogan to overcome the famine (Meyer-
Rochow, 2013; Hastings, 2016). The famine had several causes such as the collapse of
the Soviet bloc, ineffective and mismanaged economy, and severe natural disasters, and is
believed to have led to deforestation during the late 1990s and the 2000s (Kang & Choi,
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2014). We propose that the long-lasting economic hardship certainly impacted urban land
cover changes and land degradation. Moreover, the North Korean government is not very
capable of mitigating environmental and land degradations from natural disasters and
poorly-managed economy.

Local Spatial Autocorrelation of UEII

Spatial autocorrelation at the municipal level indicates that there is a strong positive
spatial autocorrelation in or around Pyongyang, Gaeseong and Cheongjin (p < 0.01)
between the late 1980s and 1990s. Such municipalities are marked HH in Figure 4a. In
such locations, high UEII values are surrounded by other high UEII values, suggesting
clustering of similarly high UEII values. In other parts of the country, no significant
spatial autocorrelation is found. Figure 4(a) suggests that urban expansion during the time
mostly occurred in the four clusters whereas more or less randomly across space in other
regions. Although the most rural municipalities are similar in their characteristics, no
significant of spatial autocorrelation of UEII means that there are development in the
areas but the patterns are more or less random.

Municipal-level spatial autocorrelation is quite different during the late 1990s-2000s. In
particular, municipalities between Gaeseong and Sariweon turned from HH to LL (p <
0.05). When it comes to urban expansion, the southwestern border region underwent a
substantial change from expansion to reduction. Such a change in several contiguous
municipalities is difficult to explain, but we speculate that some government actions are
involved. Gaeseong’s population fluctuated widely since 1940, which is believed to be
due to redistricting (Jo, 2013). The provinces between Gaeseong and Pyongyang had
negative net migration since 2000 whereas Pyongyang had the largest positive net
migration in the country (Ma & Zeng, 2015). However, we could not find more
convincing reason for the urban reduction in the region. On the other hand, some
municipalities in or near Pyongyang show positive spatial autocorrelation (p < 0.05). A
municipality in Pyongyang is marked HL and another is marked LH, indicating very
dissimilar UEII with their neighbors.

Concluding remarks

This study aimed to help understand the urban expansion in North Korea since the 1980s
using satellite-remote-sensing-based land cover datasets. The analysis was conducted at
the municipality level as well as for major cities. Previous studies regarding North
Korea’s urbanization or spatial structure relied on sporadic census data and lacked spatial
aspects. Major findings from the study are summarized as follows: (1) Pyongyang’s
dominance continued without an obvious sign of slowing down; (2) economic
development districts do not appear to have much influence on urban land cover changes;
(3) the extent of urban land cover slightly decreased in much of the country between the
1990s and 2000s.
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The results from the analysis illustrate the phenomena of urban expansion in North Korea
in terms of spatial distribution and pace. Considering the lack of reliable data on North
Korea, the contribution of this study is meaningful. We propose that North Korea’s socio-
economic condition is heavily influenced by geopolitical relations with other countries
and was conducive to environmental and land degradation in North Korea. However, we
admit that the underlying causes of such phenomena are difficult to find. Nevertheless,
the results and discussion presented in the previous section suggest migration and
stagnant economy as probably important causes for the phenomena. It is certainly
plausible that outmigration left existing urban land cover abandoned (and subsequently
converted to something else) whereas migration to Pyongyang led to continued urban
expansion. At the same time, natural disasters and the geopolitical relations with
neighboring countries in the 1990s likely led to the economic contraction or stagnation in
the late 1990s and early 2000s, resulting in the stagnant urban expansion found in this
study.
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Figure 1. Boundaries of provinces and ten largest cities by population of North Korea

429
430
431

according to the 2008 Census data



433
434
435

Figure 2. Urban pixels (shown in the black polygons) selected from the late 1980s to late
2000s for ten cities in North Korea
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437  Figure 3. UEII for the late 1980s-1990s (a) and the late 1990s-2000s (b) with equal

438  interval classification
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441  Figure 4. Local Moran’s I based on UEII for the 1980s-1990s (a) and the late 1990s-
442  2000s (b) with designations of HH (High-High), HL (High-Low), LH (Low-High), and
443  LL (Low-Low)

444



445
446 Table 1. Areal extent (km?) of urban areas in the ten largest cities in North Korea for the 1980s and
447  2000s calculated from the land cover data

City 1980s 2000s Change
Pyongyang 179.5 228.5 27.3%
Hamheung 54.9 62.2 13.4%
Cheongjin 39.5 58.6 48.1%
Nampo 20.6 25.1 21.9%
Weonsan 12.2 16.1 32.0%
Sineuiju 41.1 26.0 -36.8%
Dancheon 9.3 42.2 355.8%
Gaecheon 29.1 32.0 9.9%
Gaeseong 30.5 47.8 56.6%
Sariweon 14.0 14.9 6.5%
448
449
450
451  Table 2. Descriptive statistics of UEII for the 1980s-1990s and 1990s-2000s
1980s-1990s 1990s-2000s
Mean 0.111 Mean -0.008
Median 0.029 Median -0.004
Standard deviation 0.224 Standard deviation 0.093
Range 1.980 Range 0.878
Minimum -0.762 Minimum -0.540
Maximum 1.219 Maximum 0.338
452
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