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Evaluation of Sustainable Development Goals
for North Korea and Its Implication
Sung Jin Kang , Tae Yong Jung , Yun Ho Jin
This paper examines the status of sustainable development in the Democratic People’s
Republic of Korea (DPRK; North Korea) by using panel data from 1990-2020. The
derivation of sustainable development index (SDI) and the calculation of the contribution of
an individual sustainable development goals (SDGs) to the SDI are conducted by employing
a factor analysis with the Principal Component Analysis (PCA). The main results are as
follows: First, a fluctuated SDI is derived. It shows a low value in 2007 followed by an
improving trend in 2007. In the 2010s, as GDP per capita decreased after the sanctions
against North Korea, the SDI also shows a decreasing trend with fluctuation. Second, Goals
1 (no poverty), 7 (affordable and clean energy), 11 (sustainable cities and communities), 13
(climate action), and 16 (peace, justice, and strong institutions) show improvement over the
years while Goals 4 (quality education), 10 (reduced inequality), 14 (life below water), 15
(life on land) have deteriorated. Finally, Goals 5 (gender equality) and 12 (responsible
consumption and production) show an inverse U-shaped trend as the situation worsened after
the 2010s. And Goal 3 (good health and well-being) show a U-Shaped trend.
JEL Classification: C43, O10, O53
Keywords: sustainable development, DPRK (North Korea), Principal Component Analysis

1. INTRODUCTION
In 2015, UN member states agreed on the implementation of the 17 Sustainable Development
Goals (SDGs) with the target year of 2030. The Democratic People’s Republic of Korea (DPRK;
North Korea) announced that it would participate in adopting the SDGs at the SDGs high-level
meeting in April 2016. Since then, North Korea has shown its determination to implement the
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SDGs at various international conferences, and the contents of the SDGs are also reflected in
North Korea's 5-year economic development plan. North Korea is expected to publish a
Voluntary National Review (VNR) for sustainable development (SD) and make practical efforts
to promote sustainable development in various methods (Choi, 2020).
As one of the poorest countries in the world, the North Korea needs to promote economic
growth and development through international cooperation by attracting more foreign aid and
foreign direct investment (FDI) or expanding international trade (Kang, 2009). Therefore, it is
quite important to evaluate the current status of SD in North Korea. Since the availability of
data is limited and the North Korean government does not release sufficient data for analysis,
North Korea’s SD is not well analyzed. Due to these data problems, there have been few to no
fruitful attempts at calculating the degree of the sustainable development index (SDI).
Even under the constraint of limited data availability, this study aims to examine North Korea’s
SD status by deriving SDI that is balanced between the three pillars of sustainability, which are
economy, society, and environment. Although data on North Korea are limited, data are
collected from eminent institutions and databases for this purpose. SDI can be derived from
various methods with differing important factors such as weighting of relevant variables, range
of selected indicators, data standardization and imputation of missing period indicators, etc.
(OECD, 2008; see Singh, 2012 for an extensive review of various indexes). Most of the previous
studies calculate SDI by weighting all variables equally (Chandrasekharan et al., 2013; Prakash
et al., 2016; Sachs et al., 2021). To examine the status of SD of UN member states including the
North Korea, Sachs et al. (2021) create an aggregate SDI through taking a simple arithmetic
average of standardized 92 out of 247 SDGs indicators. However, this study assumes different
degrees of contributions of indicators by calculating weights for relevant indicators (BarreraRoldán and Saldivar-Valdés, 2002; Kang et al., 2022).
The findings of the analysis are summarized as follows.
First, Goal 1 (no poverty), Goal 7 (affordable and clean energy), Goal 11 (sustainable cities and
communities), Goal 13 (climate action), and Goal 16 (peace, justice, and strong institutions) show
continuous improvement over the years while Goal 4 (quality education), Goal 10 (reduced
inequality), Goal 14 (life below water) and Goal 15 (life on land) have continuously deteriorated.
Second, Goal 3 (good health and well-being) shows U-shaped trends with the situation
improving since the end of the 1990s. However, Goal 5 (gender equality) and Goal 12
(responsible consumption and production) show an inverse U-shaped trend with the situation
deteriorating after the 2010s. Goal 2 (zero hunger), Goal 6 (clean water and sanitation), and
Goal 17 (partnership for the goals) show fluctuated trend. And Goal 8 (decent work and
economic growth) and Goal 9 (industry, innovation, and infrastructure) show stagnated trend.
Third, overall, it is shown that the SDI shows a fluctuated trend. Unlike the 1990s, the SDI
shows a similar trend to GDP per capita since the 2000s. On the other hand, SDIs in South
Korea and China show an improving trend over the same period. Their SDIs are shocked by
economic crises and natural disasters, but unlike North Korea, the impact is not significant. And
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they show a faster recovery from shock than North Korea (Kang et al., 2022; Lee, 2021).
The remainder of this paper is composed as follows: Section 2 overviews the stage of economic
development and SD policies of North Korea. Section 3 describes the data used in the analysis
and summarizes the general trends of each SDG. Section 4 summarizes estimation results of
SDI by principal component analysis, and section 5 concludes the paper.

2. NORTH KOREA AND SUSTAINABLE DEVELOPMENT
After the Japanese colonial period (1910-1945) ended in 1945, the Korean Peninsula was
divided into the Republic of Korea (ROK, South Korea) under capitalism and North Korea under
socialism. After that time, the two regimes show different performances in the stage of
economic development.
Despite undergoing the Korean War (1950-1953), the ROK has achieved unprecedented
economic growth in the last 50 years. The per capita GDP of the ROK was 1,122 USD in 1950.
Unlike North Korea, it has continued to increase and reached 36,151 USD in 2016 (Maddison
Project Database, 2018).1)
In contrast, North Korea’s GDP per capita has fluctuated greatly. Figure 1 shows the level of
GDP per capita of North Korea from 1950. By using the same data, in 1950, GDP per capita
was 624 USD and started to increase from 706 USD in 1953, peaking in 1985 at 2,564 USD.
After that, GDP per capita showed an overall decreasing trend until 1998 when it hit 1,545 USD,
and has since remained at around 1,720 USD. In 2015 it was 1,720 USD. In summary, GDP
per capita of North Korea hit its peak in the middle of the 1980s and then decreased until 1998 to
1,545 USD. After 1998, the GDP per capita slightly increased and has since remained stable at
about 1,720 USD.
Two other institutions, the UN and the Bank of Korea, also report nominal per capita gross
national income (GNI). Figure 2 shows the trends of nominal per capita GNI reported by the
two institutions. First, the trend of GNI per capita as shown by the UN demonstrates that GNI
per capita in 1970 was 384 USD and then continued to increase to 886 USD in 1989 with little
fluctuation during this period. It continues to decrease to 238 USD in 1995 and then shows
increasing trends following this, reaching 638 USD in 2019.
Second, the nominal GNI per capita of the Bank of Korea shows a similar trend with the UN
but with higher levels.2) After a decreasing trend from 1990 to 1998 with a minimum GNI per
capita of 563 USD in 1998, it tends to increase with a little fluctuation by reaching 1,169 USD in
2020. The worst time period showing the lowest GDP per capita occurred between the mid1990s and the mid-2000s and is known as the period of “the Arduous March” or the March of

1) Real GDP per capita is in 2011 USD.
2) The value was originally reported by Korean Won (KRW) so was converted into USD by calculating exchange rate
by nominal per capita GNI divided by real per capita GNI in KRW of the ROK.
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Suffering (Noland, 2004).3)

Figure 1 Real per Capita GDP of North Korea

Source: Maddison Project Database (2018).

Figure 2 Nominal per Capita GNI of North Korea

Source: UNCTAD (2021), Bank of Korea (2021).

The level of income per capita itself is not a sufficient indicator for explaining SD as it pertains
to economic development, social development and environment. However, because of very
limited data available and the closed economic system of North Korea, there are no
comprehensive studies that consider all issues of sustainable development simultaneously.
UNEP (2003) aims to identify the key environmental factors that can be barriers and suggests
3) Noland (2004) asserts that North Korea in the 1990s experienced a famine more than a decade with about one million
lives.
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policy recommendations for achieving sustainable development. The report identifies five
priority issues: forest depletion, water quality degradation, air pollution, land degradation and
biodiversity. UNFCCC et al. (2012) introduces the DPR Korea’s status in regards to climate
change. The report includes population context, economic context (GDP, electricity power
production, grain output) and social development profile (universal free education, policy on
science and technology). Further, it reports the amount of greenhouse gas emissions in 2000
(65,714 GtCO2e) and shows that the annual mean temperature from 1918-2000 has increased by
0.019℃ per year.
As the issues on nuclear weapons are resolved through successful negotiations by the
international community, North Korea will move to become a more globalized country, and thus
the economic system will transition to a more market-oriented economy that may come to mirror
the economic systems seen in China, Vietnam, Lao PDR and Cambodia (Kang and Jung, 2017).4)
Replacing the previous framework for the period from 2011-2016, the United Nations (2016)
identifies four strategic priorities: food and nutrition security, social development services,
resilience and sustainability, and data and development management.
First, food and nutrition security as they relate to UN SDGs 2 and 9 indicate an aim to expand
food production and introduce long-term enhanced processing and immediate support for the most
vulnerable groups. Second, social development services that are related to UN SDGs 3, 4, and
6 focus on education, health and water, sanitation and hygiene (WASH). Third, resilience and
sustainability as related to UN SDGs 7, 11, 12, 13, and 15 are meant to achieve ecosystem
management, climate change adaptation and mitigation, and disaster risk management. Finally,
data and development management refer to attempts at collecting and analyzing macro-level data,
supporting the development and implementation of internationally approved technical standards,
achieving improved compliance with international norms and standards and technical cooperation,
and capacity building.

3. DATA AND SDI DERIVIATION METHODOLOGY
Table 1 shows the number of indicators that reflect each SDG and the number of indicators
utilized in this study. The 17 SDGs are consisted of 247 indicators, which ranges from minimum
6 indicators (Goal 7) to maximum 28 indicators (Goal 3) that represent each goal. ‘SDGs’ in the
table indicate the number of indicators for each goal from the 247 indicators. Since 16 indicators
are overlapped, 231 separate indicators are left (UN homepage).5)
4) These four countries are called the countries in economic transition because the economic system moved to a marketoriented system while the political system remained as before.
5) Duplicated SDGs indicators are the following. (1) 8.4.1/12.2.1; (2) 8.4.2/12.2.2; (3) 10.3.1/16.b.1; (4) 10.6.1/16.8.1;
(5) 15.7.1/15.c.1; (6) 15.a.1/15.b.1; (7) 1.5.1/11.5.1/13.1.1; (8) 1.5.3/11.b.1/13.1.2; (9) 1.5.4/11.b.2/13.1.3; (10)
4.7.1/12.8.1/13.3.1; (11) 7.b.1/12.a.1; (12) 13.2.1/13.b.1 (https://unstats.un.org/sdgs/indicators/indicators-list/,
retrieved on July 22, 2021).
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Table 1
Goals
Goal 1
Goal 2
Goal 3
Goal 4
Goal 5
Goal 6
Goal 7
Goal 8
Goal 9
Goal 10
Goal 11
Goal 12
Goal 13
Goal 14
Goal 15
Goal 16
Goal 17
Total

Data Description

Description
No poverty
Zero hunger
Good health and well-being
Quality education
Gender equality
Clean water and sanitation
Affordable and clean energy
Decent work and economic growth
Industry, Innovation and Infrastructure
Reduced inequality
Sustainable cities and communities
Responsible consumption and production
Climate action
Life below water
Life on land
Peace, justice and strong institutions
Partnership for the goals

SDGs

NK

13
14
28
12
14
11
6
16
12
14
14
13
8
10
14
24
24
247

3(3)
7(7)
25(24)
7(5)
6(5)
8(8)
5(5)
9(8)
7(7)
3(3)
2(2)
7(5)
2(2)
3(3)
5(5)
10(9)
5(4)
114(105)

As North Korea does not release much data in the form of formal documents, this study collects
data from various sources. For example, international institutions such as the World Bank, FAO,
ILO, UN SDGs, WHO etc., and institutions of the Republic of Korea (ROK), such as the Bank of
Korea etc. The data is collected from 1990 to 2020 to find the long run trend of SDGs.6) ‘NK’
lists the number of indicators available for North Korea. Here 114 indicators with replacement
by proxy data are collected but 105 indicators are used for the derivation of the SD index.7)
In order to conduct factor analysis, collected data are processed as follows. First, some of the
collected data do not have all data from 1990 to 2020. Data of the unobserved year between the
data of the observed year are replaced by interpolation method. In case of the missing data
between the observed year and the observation period, that is 1990 and 2020, it is imputed by the
data of the closest year available. Second, some indicators have a negative effect as the value
of the data increases. These indicators are converted to negative values so that the smaller the
absolute value, the more positive the effect. Third, all indicators are standardized. In this study,
the value of each goal is derived as a simple average of the indicators belonging to each goal.

6) Sachs et al. (2021) utilize 91 indicators out of 247 indicators for dashboard analysis and calculation of SD index.
The number of countries used in the analysis is 193, with 35 OECD countries, and 30 additional indicators are utilized
for OECD countries. Depending on data availability, the number of indicators used for individual countries are
diverse with a minimum of 83 indicators (for example, Barbados and Turkmenistan). Since only 65 indicators out
of 91 indicators are available for North Korea, Sachs et al. (2021) do not analyze the SD index of North Korea.
7) 25 indicators out of the 247 indicators are on the number of countries or the number of developing countries.
Excluding those indicators, the number of indicators that are used for analysis in this study is 105 out of 206.
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Table 2 Correlation Matrix
Goal
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

1
0.2473

1

0.6824 0.4725

1

-0.6346 -0.2471 -0.5237

1

-0.5889 -0.3741 -0.8935 0.5444

1

-0.3530 -0.1574 -0.3236 0.2000 -0.0272

1

0.7492 0.3230 0.6782 -0.9225 -0.6065 -0.3499

1

0.4911 0.1028 0.4399 -0.2454 -0.1172 -0.5846 0.3806

1

-0.0359 0.3346 0.1837 0.1151 -0.1673 -0.0309 0.0254 -0.1096
-0.4891 0.0189

-0.283

0.4267 0.3154

-0.013 -0.3632 0.0169

0.7751 0.2659 0.4806 -0.6462 -0.5839 0.1019 0.6849

0.1115

1
0.1113

1

0.05

-0.3078

-0.5122 -0.4178 -0.7577 0.4841 0.9221 -0.2579 -0.4876 0.0461 -0.1161 0.3652

1
-0.624

1

0.8066 0.0244 0.4128 -0.3422 -0.4199 -0.0521 0.4837 0.2922 0.1149 -0.3277 0.8072 -0.3591
-0.7521 -0.3300 -0.7426 0.8666 0.6717 0.3736 -0.9504
-0.4316 0.2566 0.0697 0.2612

-0.211

-0.36

0.2967 -0.2282 -0.4043

0.6928 0.0586 0.6863 -0.5905 -0.5477 -0.4594 0.6649

0.488

1

-0.0646 0.3623 -0.7063 0.5255 -0.5387
0.241

1

0.3077 -0.1366 -0.2566 -0.4027 0.1754

1

-0.2243 -0.5571 0.3526 -0.4316 0.3597 -0.6941 -0.2992

1

0.4577 0.0655 0.2745 0.0577 0.0087 -0.5025 0.1387 0.7564 0.1132 -0.0404 0.0754 0.1286 0.3993 -0.1738 -0.3781 0.3481

1

There are various methodologies to measure the degree of sustainability in terms of corporate
achievement, environment, well-being, human development, and innovation, etc. (Singh et al.,
2012). However, there are no many studies to measure the degree of SD which reflects the
degree of SD based on the UN SDGs.
This study follows two steps to derive an SDI. First, traditional methods to derive the index
of individual SDGs are used. Second, a more sophisticated methodology to derive an SDI is
used, which is a weighted combination of all SDIs. It is the factor analysis with the principal
component analysis (PCA).
There are two reasons for using the PCA method. First, among the 247 variables suggested
by the UN SDGs, this study uses 105 variables for deriving the North Korea’s SDI. PCA is a
useful statistical method for analyzing a large data set (Lafi and Kaneene, 1992; Jolliffe and
Cadima, 2016). PCA increases the utility of analysis by reducing dimensions. Second,
variables are highly correlated. Table 2 shows correlation matrix between the 17 Goals. As an
estimated result, more than 1/3 of the correlation coefficient between the 17 goals are 0.5 or higher.
High correlation causes multicollinearity in the traditional regression method (Lafi and Kaneene,
1992).
The traditional method is used to calculate an SD index for each goal by assigning the same
weight to all indicators (Barrera-Roldán and Saldivar-Valdés, 2002; OECD, 2008; Sachs et al.,
2021). By using standardized indicators for all sample countries, Sachs et al. (2021) calculate
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the SDI by taking the arithmetic mean of the standardized indicators.
country i in equation (1).
SDIi (Ni , Nij , Iijk ) =

1
Ni

i
∑Nj=1

1
Nij

N

ij
∑k=1
Iijk .

They define SDI of

(1)

Ni is the number of SDGs of country i and Nij is the number of indicators which belong to

the jth goal in country i. And Iijk is the value of the kth standardized indicator in jth goal for
country i. Therefore, this method is a simple arithmetic average of the standardized indicators
or goals. Thus, the contributions of all standardized indicators to the SDI are weighted equally.
In this study, the SDI for each goal is defined by a simple arithmetic average of standardized
indicators.8)
Next, the factor analysis with the PCA is used to derive the aggregate SDI, which is useful to
get a small set of variables, called factors, from a large set of indicators (see Kang et al., 2022 for
more detailed explanation).
z1 = b11 f1 +b12 f2 +…+ b1k fk +μ1 ,
z2 = b21 f1 +b22 f2 +…+ b2k fk +μ2 ,
⋮
zq = bq1 f1 +bq2 f2 +…+ bqk fk +μq ,

Z = FB'+μ.

(2)

In the factor analysis, the following model in equation (2) is assumed. Z = (z1 , …, zq )T is a
vector of the observed variables. B is a q×k matrix of coefficients, bij where i = 1, 2, ⋯, q and
j = 1, 2, ⋯, k. They are called factor loadings, which are unobserved constants. F is a vector
of latent factors, F = (f1 , …, fk )𝑇 , which are also unobserved random variables. μ is a vector
of error terms, which are called a specific factor.
The following are assumed. First, specific factors are assumed to have a zero mean, E(𝜇𝑖 ) =
0 and diagonal variance-covariance matrix, Cov(𝜇) = 𝛹, where
Cov(𝜇𝑖 𝜇𝑗 ) = 𝜎𝜇𝑖 𝑖𝑓 𝑖 = 𝑗,
Cov(𝜇𝑖 𝜇𝑗 ) = 0 𝑖𝑓 𝑖 ≠ 𝑗.

(3)

Second, the latent factors and specific factors are assumed to be independent, so equation (4)
8) This is because formal data for North Korea are not limited and full time series for all data are not available and thus
their imputed data are used.
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Cov(𝑓𝑖 𝜇𝑖 ) = 0.

(4)

holds.

Third, observed variables are standardized to have a zero mean and unit variance with E(𝑧𝑖 ) =
0 and var(𝑧𝑖 ) = 1, respectively. Through standardization, the different variables are converted
to the same scale so that they can be compared. The variances of observed variables, 𝑧𝑖 𝑠, are
decomposed into two parts. First is the square terms of factor loading called the communality.
This is the variance that comes from the latent factors.9) The second term is variances of the
error terms which is called the unique terms. This is the variance that is not explained by the
latent factors.
Fourth, latent factors are standardized to have a zero mean and identity variance-covariance
matrix.
E(𝑓𝑖 ) = 0 and Cov(𝑓𝑖 , 𝑓𝑗 ) = 1 𝑖𝑓 𝑖 = 𝑗
Cov(𝑓𝑖 , 𝑓𝑗 ) = 0 𝑖𝑓 𝑖 ≠ 𝑗.

(5)

Equation (2) implies that observed and standardized 𝑧𝑖 s are explained by a linear combination
of latent factors (𝑓𝑝 ) for 𝑝 = 1, 2, ⋯ , 𝑘 . Here, latent factors, factor loadings and variancecovariance of specific factors should be estimated by following the PCA (Harman, 1976).
Then, SDI is derived by following steps.
The factor analysis assumes the same number of factors with the number of variables. Each
factor captures a certain amount of the overall variances in the observed variables. And the
number of factors is selected by specific criteria such as the number of eigenvalues of the latent
factor and/or the Kaiser (1974) criteria.
The factor analysis with the PCA is to estimate a set of factor loadings by calculating the sample
covariance matrix and calculating the initial estimate of specific variances. Here the sample
covariance matrix is the same as the sample correlation matrix under the standardization of mean
0 and standard deviation 1.
The SDI is derived by the proportion of variance of the selected factor and relevant variables.
The weights for SDGs are calculated by the ratio of squared highest factor loading for Goal i to
the sum of squared highest factor loading for all goals as follows. The weight of Goal i is
calculated as follows.

weight of Goal i =

squared highest factor loading for goal i
∑17
i=1 squared

.
highest factor loading for goal i

9) The covariance matrix becomes the matrix of relative correlation under the standardization with mean 0 and standard
deviation 1.
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The weight reflects the ratio of the variance of each goal out of the total variances explained by
retained factors. This is to normalize the weight to be between 0 and 1.

4. ESTIMATION RESULTS
Before deriving SDI, Figures 3 to 5 overview the general trends of the 17 SDGs. Figure 3
shows the trends of Goals 1 to 6. Goal 1 and individual indicators show improvement trends.
The working poverty rate decreased from 21.77% in 2000 to 16.81% in 2019. Goal 2 shows a
fluctuating trend, especially reflecting the food shortage in the 1990s. Goal 3 tends to decrease
slightly in the 1990s but increase afterwards.
Goal 4 does not change as there is no data until 2005, but it is on a downward trend thereafter.
The enrollment rate at tertiary education institutions, one of the indicators, decreased from 30.87
% in 2009 to 26.83% in 2018. Goal 5 is an inverted U-shaped trend. Since the 2000s, both the
proportion of seats held by women in national parliaments and the women's labor participation
rate have declined. Goal 6 is a fluctuating trend, and the recent improvement in indicators of
efficient use of water resources and integrated water resource management has improved.
Figure 3 Trends of SDGs 1-6
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Figure 4 Trends of SDGs 7-12

Figure 4 shows the trend of Goals 7 to 12. Goal 7 shows a trend that stagnated until the 2010s
but improved after the 2010s. Access to electricity increased from 26% in 2009 to 49% in 2019,
and renewable energy consumption (% of total final energy consumption) also increased during
the same period. Goal 8 shows a stagnant trend with some fluctuations. The economic growth
rate, unemployment rate, and labor force participation rate are stagnant, and domestic material
consumption per capita is decreasing. The data for Goal 8 on inequality is not available, so the
inequality status cannot be evaluated.
Goal 9 shows a stagnant trend with slight fluctuations. Manufacturing value added as a
proportion of GDP and manufacturing value added per capita has recently declined. Goal 10
has no change since there is no data before 2000 and is on a decreasing trend. Since 2000, the
share of labor as a percentage of GDP and ODA have decreased.
Goal 11 shows an increasing trend in recent years. In 2007, floods impacted the death rate
due to exposure to forces of nature (per 100,000 population). Goal 12 shows an inverted Ushaped trend. It has been declining since 2005. Combustible renewables and waste and
material footprint per capita tend to be worse.
Figure 5 shows the trends of Goals 13 to 17. Goal 13 is an increasing trend. Although the
same indicator in Goal 11 was impacted by the floods in 2007, per capita CO2 emissions have
been steadily declining. Goal 14, data is available after 2012 and is on a deteriorating trend.
The ocean health index goal, which indicates clean water and biodiversity, has declined.
Goal 15 has deteriorated throughout the period observed. The red list index of species
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Figure 5 Trends of SDGs 13-17

survival slightly decreased over the examined period. Forest area as a proportion of total land
area has continuously deteriorated. In 2016 and 2017, ODA temporarily increased but decreased.
Goal 16 has improved. International homicides, completeness of birth registration, corruption
perception index, and arms exports have improved even though the data are not consistently
available for all years.
Goal 17 shows a quite stable pattern despite some fluctuation. Improved conditions of ODA
reflect a decreasing trend of foreign aid. The dollar value of financial and technical assistance
does not change significantly until 2007 but after that increases significantly. For example, the
value in 2007 was 1.8 million USD but it significantly increased to 17.3 million USD in 2008.
Thus, this indicator needs to be carefully interpreted.
In summary, Goal 1 (no poverty) shows a stagnant trend until 2005 but improves afterward.
Goal 4 (quality education) continues to deteriorate over the period. Goals 2 (zero hunger) and 6
(clean water and sanitation) show a trend of fluctuation, Goal 3 (good health and well-being)
shows a U-shaped trend, and Goal 5 (gender equality) shows an inverse U-shaped trend.
Goal 7 (affordable and clean energy) shows improvement over the period. Goals 8 (decent
work and economic growth) and 9 (industry, innovation, and infrastructure) show steady trends
without much fluctuation over the period. Goal 11 (sustainable cities and communities) shows
an increasing trend since 2007. On the other hand, Goals 10 (reduced inequality) and 12
(responsible consumption and production) show a decreasing trend since the 2010s.
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Table 3
Factor
Factor1
Factor2
Factor3
Factor4
Factor5
Factor6
Factor7
Factor8
Factor9
Factor10
Factor11
Factor12
Factor13
Factor14
Factor15
Factor16
Factor17
Total
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Eigenvalues and Variance Proportions

Eigenvalue
7.3975
2.8629
1.8402
1.3523
1.0136
0.7916
0.5870
0.3755
0.3139
0.1437
0.1086
0.0979
0.0492
0.0315
0.0197
0.0081
0.0069
17.0000

Difference
4.5346
1.0227
0.4879
0.3388
0.2220
0.2046
0.2115
0.0616
0.1702
0.0351
0.0107
0.0488
0.0177
0.0117
0.0116
0.0012

Proportion
0.4351
0.1684
0.1082
0.0795
0.0596
0.0466
0.0345
0.0221
0.0185
0.0085
0.0064
0.0058
0.0029
0.0019
0.0012
0.0005
0.0004
1.0000

Cumulative
0.4351
0.6036
0.7118
0.7914
0.8510
0.8975
0.9321
0.9542
0.9726
0.9811
0.9875
0.9932
0.9961
0.9980
0.9991
0.9996
1.0000

Note: LR test: independent vs. saturated: chi2(136)= 612.34 (Prob>chi2 = 0.0000).

Goal 13 (climate action) shows improvement trends. Goal 14 (life below water) shows a
worsening trend over time and a rapidly deteriorating trend in the 2010s. Goal 15 (life on land)
shows a decreasing trend, while Goal 16 (peace, justice, and strong institutions) improves
throughout the whole period. Lastly, Goal 17 (partnership for the goals) temporarily improved
in 2008, but overall it is a stagnant trend.
Table 3 lists all eigenvalues for estimated latent factors and accumulated proportions of
variance explained by each factor.10) This study selected 17 latent factors (the number of SDGs
established by the UN) in the estimation process. Each eigenvalue implies the variance
explained by each factor. The sum of all eigenvalues is the same as the number of variables
because the variance of each variable is 1 by standardization. Therefore, the sum of all
eigenvalues in the model is 17, the number of variables. By Kaiser criterion, 5 factors with
eigenvalues that have a higher value than 1 are selected. The difference means the difference of
eigenvalues between the own eigenvalue and the previous one.
Proportion indicates the relative weight of variance explained by each factor in the total
variance. Here proportion indicates the proportion of variance explained by the factor in the
total variance. Therefore, the sum of all proportions is 1. Factor 1 explains 43.51%
(=7.3975/17) of variance of the total variance, implying 43.51% contribution of factor 1 in
explaining the variance of SDGs used in the study. The degree of the variances contributed by
10) The eigenvalue measures the amount of variances of the observed variables that a factor explains.
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Figure 6 Scree Plot of Eigenvalues of Factors

the 5 factors is 85.10%, shown as a cumulative proportion. The column for “Cumulative” in
table 3 gives the cumulative proportion of variance explained by this factor and all of the previous
ones.
An optimal number of factors need to be selected by using appropriate criteria. This study
uses the Kaiser (1974) criteria and scree plot method.
First, by the Kaiser criteria, the factors with eigenvalues higher than 1 are selected. 5 factors
from table 3 are selected. Second, figure 6 shows plots of each of the eigenvalues for the 17
factors. There is a plot that the smooth decrease of eigenvalues appears to level off. To the
right of this point (i.e. more factors), only factorial scree is found. From the scree plot, 5 factors
are selected for the analysis.
To find the position that encompass the actual data better overall, the orthogonal rotations are
undertaken under the assumption that the factors are not correlated.11) For this purpose, factor
loadings are rotated by orthogonal variance maximization.12) As in table 4, after the rotation, the
5 factors explain 85.10% of total variances.
Table 4 Factor Analysis and Variances
Factor
Factor 1
Factor 2
Factor 3
Factor 4
Factor 5

Variance
3.76115
3.50758
2.9706
2.5082
1.7190

Difference
0.25358
0.53698
0.4624
0.7892
.

Proportion
0.2212
0.2063
0.1747
0.1475
0.1011

Cumulative
0.2212
0.4276
0.6023
0.7499
0.8510

Note: LR test: independent vs. saturated: chi2(136) = 612.34 (Prob>chi2 = 0.0000).

11) Rotation which allows the correlation among factors are called oblique rotation.
12) The variation maximization strategy aims to maximize the variance of the factor to obtain a pattern of loadings on
each factor that is as diverse as possible. This strategy maximizes the variance of the squared loadings within
factors.
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Loading values are the weight and correlation coefficients of each variable with the factor,
ranging between –1 and 1. The higher the loading values the more relevant they are in
explaining the goals by relevant factors. Table 5 shows the list of loading values which reflect
the degree of contribution of each factor to the 17 goals. The combination of goals and factors
is calculated by rotated factor loading. The combination is decided by the maximum
contribution of each factor to the goals. For example, factors 1-5 contributed to the first goal by
0.491, 0.371, 0.3887, 0.6191 and –0.1432, respectively. Thus Goal 1 is decided mainly by
Factor 5. The combinations for all goals and factors are denoted as bold characters.
Uniqueness is the proportion of the variance of the variables that are not associated with the
common factors. Thus, the greater the value of the uniqueness of a specific variable the lower
the relevance of that variable in the factor analysis. The proportion of the final row in the table
indicates the share explained by factors with maximum values of each goal, which is from the
values in table 4.
From factor loadings, Factor 1 is defined by Goals 4, 7, and 14. Factor 2 is defined by Goals
3, 5, 12, and 16. Factor 3 is defined by Goals 6, 8, and 17. Factor 4 is defined by Goals 1, 11,
13, and 15. And Goals 2, 9, and 10 define Factor 5.
Table 5

Rotated Factor Loading and Unique Variances

Variable

Factor 1

Factor 2

Factor 3

Factor 4

Factor 5

Uniqueness

Goal 1
Goal 2
Goal 3
Goal 4
Goal 5
Goal 6
Goal 7
Goal 8
Goal 9
Goal 10
Goal 11
Goal 12
Goal 13
Goal 14
Goal 15
Goal 16
Goal 17
Proportion

0.491
0.3104
0.3837
– 0.9156
– 0.3349
– 0.3678
0.8759
0.1814
– 0.1104
– 0.2268
0.5154
– 0.2457
0.2013
– 0.819
– 0.2343
0.4601
– 0.1521
22.12%

0.371
0.3928
0.8086
– 0.2279
– 0.8826
0.1129
0.3027
0.051
0.1535
– 0.338
0.3185
– 0.8828
0.1817
– 0.3821
0.4318
0.4893
0.0198
20.63%

0.3887
0.0952
0.3624
0.0122
0.021
– 0.7908
0.1874
0.8656
0.0339
0.037
– 0.1311
0.2218
0.1847
– 0.2125
– 0.3837
0.4653
0.8699
17.47%

0.6191
– 0.0906
0.1171
– 0.1708
– 0.199
0.2122
0.2443
0.11
0.1762
– 0.2977
0.7225
– 0.2387
0.91
– 0.2678
– 0.4467
0.0817
0.3356
14.75%

– 0.1432
0.601
0.0917
0.147
– 0.0482
– 0.0544
– 0.0063
– 0.0586
0.7473
0.5697
0.0818
– 0.0196
– 0.0155
– 0.0188
0.4246
– 0.4752
0.041
10.11%

0.0664
0.3709
0.0455
0.0588
0.0665
0.1786
0.0463
0.1997
0.3736
0.4197
0.0869
0.0538
0.064
0.0661
0.2316
0.0998
0.1053
-
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Figure 7 Regression R2 for Each Factor on Each Goal

This can be confirmed by R2 values of a simple regression of each goal on individual factors.
To find the relation of each goal to the four factors, figure 7 shows the R2 values for the simple
regression of each factor on each goal.13)
First, the strongest effect by Factor 1 are Goals 4, 7, and 14. Second, the Goals 3, 5, and 12
are most explained by Factor 2 with the highest R2 values. Third, Goals 6, 8, and 17 are
explained by Factor 3 with the highest R2 values. Fourth, Goals 1, 11, 13 and 15 are explained
by Factor 4 with the highest R2 values. Finally, Factor 5 have strongest impacts on Goals 2, 9,
and 10 with R2 values. Even with the R2 values, it can be confirmed that the impacts of each
factor on each respective goal are the same as the proportion of variances in table 4.
Table 6 shows factor rotation matrix which estimates the rotated factor loadings. The first
column indicates the unrotated factors and the first row implies the rotated factors. The second
column indicates Factor1 (rotated) = 0.6472*Factor1 (unrotated)–0.0178*Factor2 (unrotated) 0.1381*Factor3 (unrotated) – 0.4108*Factor4 (unrotated) – 0.6269*Factor5 (unrotated).

13) The R2 is the same as R2 for the regression of each goal on each factor and the squared value of each factor loading.
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Table 6 Factor Rotation Matrix
Variable

Factor 1

Factor 2

Factor 3

Factor 4

Factor 5

Factor 1
Factor 2
Factor 3
Factor 4
Factor 5

0.6472
– 0.0178
– 0.1381
– 0.4108
– 0.6269

0.5473
– 0.5325
0.2561
– 0.0937
0.5852

0.3099
0.786
0.4933
– 0.0251
0.2055

0.4239
0.0859
– 0.347
0.8315
– 0.0333

– 0.0762
– 0.3016
0.7427
0.3611
– 0.4703

Figure 8 depicts the trends of 5 factors. The first factor tends to show a continuously
increasing trend. Factor 2 shows an increasing trends until 2008 and then a decreasing trend.
Factor 3 shows fluctuated trends until 2016 and then a decreasing trend. Factor 4 and Factor 5
show fluctuated trends.
The denominator is the total variance explained by the 5 retained factors. Thus, the weight is
calculated by dividing the values of factor squared by total variance explained by 5 factors. For
example, the weight of Goal 1 is 3.82% and the weight for Goal 2 is 3.60%. From this
calculation, the maximum weight is 8.35% for Goal 4, which means that Goal 4 has the highest
contribution to the SDI.
Figure 8 Trends of Selected Factors
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Table 7 Contribution of Each Goal to SDI
Squared factor
loading
Goal 1
0.3833
Goal 2
0.3612
Goal 3
0.6538
Goal 4
0.8383
Goal 5
0.7790
Goal 6
0.6254
Goal 7
0.7672
Goal 8
0.7493
Goal 9
0.5585
Goal 10
0.3246
Goal 11
0.5220
Goal 12
0.7793
Goal 13
0.8281
Goal 14
0.6708
Goal 15
0.1995
Goal 16
0.2394
Goal 17
0.7567
Sum
10.0364
Note: Sum of squared factor loadings implies total variance explained by all 17 goals .
Goals

Factor
loading
0.6191
0.6010
0.8086
–0.9156
–0.8826
–0.7908
0.8759
0.8656
0.7473
0.5697
0.7225
–0.8828
0.9100
–0.8190
–0.4467
0.4893
0.8699

Weight
0.0382
0.0360
0.0651
0.0835
0.0776
0.0623
0.0764
0.0747
0.0556
0.0323
0.0520
0.0777
0.0825
0.0668
0.0199
0.0239
0.0754
1.0000

Finally, by multiplying the derived weights and values of the 17 goals, the SDI is calculated.
Figure 9 shows an annual trend of the calculated SDI and GDP per capita. The SDI shows a
fluctuating trend since 1990. Although the SDI decreased slightly from 1993 to 1995, it
increased in the 1990s. In the process of estimating the SDI, the limit of data in the 1990s seems
to have created a different trend from per capita GDP.
North Korea’s flood damage in 2007 had a temporary impact on the SDI, Nevertheless, The
SDI shows an increasing trend from 2009 to 2012. In the 2010s, as GDP per capita decreased
after the sanctions against North Korea, the SDI also shows a decreasing trend.
It is interesting to find the factors which have turned the indices in the other direction. These
can be inferred from the brief explanation of figure 3 to figure 5. The goals which have changed
direction since the end of the 1990s or the beginning of the 2000s are Goal 1 (no poverty), Goal
2 (zero hunger), Goal 3 (good health and well-being), Goal 7 (affordable and clean energy), Goal
11 (sustainable cities and communities), and Goal 16 (peace, justice, and strong institutions).
There are two differences between SDI in North Korea and SDI in South Korea and China in
the same period. First, the SDIs of South Korea and China show an improving trend, while the
SDI of North Korea shows a fluctuating trend. The SDI of South Korea declines in 1998 and
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Figure 9 Sustainable Development Index and GDP per Capita

2008-2013 but shows an overall upward trend (Lee, 2021). The SDI of China also decreases in
2008 but shows an upward trend as in South Korea (Kang et al., 2022). The GDP per capita of
South Korea and China shows a trend of improvement along with the SDI of each country. On
the other hand, both the SDI and per capita GDP of North Korea show no improvement.
Second, compared to the SDI of North Korea, the SDIs of South Korea and China do not
respond much to shock, and the effects do not last long. In South Korea, there are shocks from
the Asian Financial Crisis in 1998 and the Global financial crisis in 2008, but shocks do not
change the improving trend of SDI (Lee, 2021). China is shocked by the Sichuan earthquake
and the global financial crisis in 2008, but the shock does not change the improving trend of SDI
(Kang et al., 2022).

5. CONCLUSION
This study examines the trend in the SD progress of North Korea. Due to the limited data
released directly by the government of North Korea, this study collects data from various
institutions and uses imputed values for missing years. Unlike traditional methodology that uses
the constant weight for all goals, this study derives SDI by using factor analysis with the PCA,
and thus calculating weights for relevant indicators.
The main findings are as follows. First, the derived SDI shows a fluctuated trend over the
examined period. The index shows an improving trend in the 1990s. However, the index
shows a decreasing trend at beginning of the 2000 with a fluctuating trend in the 2010s. This
form is quite similar to the form of the per capita GDP, reflecting the period of “sanctions against
North Korea”.
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Second, some goals show the same fluctuated trends, indicating that they directly contribute to
the shape of the SDI. They are Goals 2 (zero hunger), 6 (clean water and sanitation), 8 (decent
work and economic growth), 9 (industry, innovation, and infrastructure), and 17 (partnership for
the goals). Third, some goals tend to show a continuously worsening trend over the period even
though Goal 4 (quality education) and Goal 15 (life on land) show continuous improvement over
the years.
Finally, other goals show an increasing trend. They are Goal 1 (no poverty), Goal 7(affordable
and clean energy), Goal 11 (sustainable cities and communities), Goal 13 (climate action), and
Goal 16 (peace, justice, and strong institutions).
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