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Abstract 

By using the time series data from 1990-2019, this study investigates the status of sustainable 

development (SD) in China. Through factor analysis using principal component analysis (PCA), the 

sustainable development index (SDI) is derived, and the contribution of each sustainable development 

goal (SDG) to the SDI is calculated. The main findings are as follows. First, a progressively 

improving SDI is derived. Even with a notable decrease in 2008 partially due to the 2008 Great 

Sichuan earthquake, the SDI shows a gradual improvement over the analysis period. Furthermore, it is 

found that the SDI trend is quite similar to that of per capita GDP, implying that the state of economic 

development measured by per capita GDP well approximates the degree of sustainable development. 

Third, most of the goals show a continuous improvement over the period and contribute to the 

improvement of China’s SDI: Goals 1, 2, 3, 4, 8, 9, 12, and 17. In addition, Goals 4, 6, 7, 10, 11, 15, 

and 16 show a steady trend in the early period but then demonstrate a gradual improvement since 

2010. On the other hand, Goal 13 shows a steady trend during the sample period with a fluctuation in 

2008, while goal 14 steadily deteriorated. Finally, Goal 5 shows a U-shaped trend as the situation 

improved after 2006. 

Key words: China; Sustainable Development; Principal Component Analysis 

JEL Classification: C43, O10, O53  
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Highlights 

1. A progressively improving SDI is derived. Even with a notable decrease in 2008 partially due to the 

2008 Great Sichuan earthquake, the SDI shows a gradual improvement over the analysis period. 

2. It is found that the SDI trend is quite similar to that of per capita GDP, implying that the state of 

economic development measured by per capita GDP well approximates the degree of sustainable 

development 

3. Most of the goals show a continuous improvement over the period and contribute to the 

improvement of China’s SDI: Goals 1, 2, 3, 4, 8, 9, 12, and 17. Goals 4, 6, 7, 10, 11, 15, and 16 show 

a steady trend in the early period but then demonstrate a gradual improvement since 2010. On the 

other hand, Goal 13 shows a steady trend during the sample period with a fluctuation in 2008, while 

goal 14 steadily deteriorated. Goal 5 shows a U-shaped trend as the situation improved after 2006. 
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1. Introduction 

The international community has been working together to improve the quality of the life of 

citizens around the globe by considering three dimensions (economy, society, and environment), and 

this led to the establishment of sustainable development goals (SDGs). For this purpose, in 2000, the 

United Nations launched eight Millennium Development Goals (MDGs) targeted for completion in 

2015. In 2015, the United Nations adopted the 17 SDGs and set a target completion year to 2030.  

The 17 SDGs have 247 separate indicators as practical targets. The indicators are used to create a 

unified index to examine the status of sustainable development (SD). By using 91 out of 247 

indicators (additional 30 indicators for OECD countries), Sachs et al. (2021) derive an aggregate 

sustainable development index (SDI) by taking the arithmetic mean of all standardized indicators of 

165 countries. Although it enables a comparison of the relative achievements of SD among the 

countries in a certain year, the objective status or the time-series comparison of a country is 

unavailable. 

Since its reform and opening up in 1978, the Chinese government has attached great importance to 

sustainable development and formulated a series of policies and measures to ensure its execution. 

Therefore, as SD moves from theory to practice, it is important to evaluate the current status of SD in 

China. However, few studies have measured the degree to which the UN SDGs are reflected in SD. 

As there have been few fruitful attempts to calculate the degree of the SDI, this study aims to 

examine China’s SD status. For this purpose, data are collected from various institutions and through 

sophisticated methodologies, that is, factor analysis with principal component analysis (PCA), which 

considers the degree of contribution of each SD goal to the aggregate SDI. Compared to this study, the 

recent studies that derive the Chinese SDI do not use fruitful data or a sophisticated methodology 

(Kim et al., 2019; Sachs et al., 2020; Zhang et al., 2019; Zhu et al., 2019; Xu et al., 2020; Sachs et al., 

2021). 

Derivation of the SDI can be affected by various factors such as weights for relevant variables, 
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range of selected indicators, data standardization, an imputation method for indicators in missing 

periods etc. (OECD, 2008; see Singh, 2012 for extensive review of various indexes). The most 

important issue is the weights of the relevant indicators that reflect their contribution to the derived 

SDI. Most studies assume a constant weight for each variable with respect to the SDI 

(Chandrasekharan et al., 2013; Prakash et al., 2016; Sachs et al., 2021). However, this study assumes 

different degrees of contribution of indicators by calculating weights for relevant indicators with 

factor analysis (Barrera-Roldán and Saldivar-Valdés, 2002). Furthermore, this study expands the 

existing literature on SD by thoroughly and objectively examining the status of SD in China from 

1990-2019, utilizing 156 out of 247 UN SDG indicators.  

The remainder of this study is organized as follows. Section 2 briefly overviews the status of 

China’s economic development and SD policies. Section 3 reviews the existing literature, and Section 

4 describes the data used in the analysis and summarizes the general trends of each SDG. Section 5 

summarizes the estimation results of SDI using the principal component analysis (PCA), and Section 

6 concludes.  

 

2. China and Sustainable Development  

China’s President Xi Jinping attended the World Economic Forum Virtual Event of the Davos 

Agenda in Beijing on video on January 25th, 2021, where he pointed out that “there is only one Earth 

and one shared future for humanity” and stressed that “we need to give continued priority to 

development, implement the 2030 Agenda for Sustainable Development, and make sure that all 

countries, especially developing ones, share in the fruits of global development”. At the same time, he 

promised that China would continue to promote SD. 

China is a big country with a population of 1.4 billion, few resources per capita, and a fragile 

ecological environment. The implementation of SD is the right choice for China’s national conditions. 

As a G2 country, China’s policies on environmental protection and SD will be of primary importance 
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not only for China, but also for the world. Therefore, since the reform and opening up in 1978, the 

Chinese government has attached great importance to SD and formulated a series of policies and 

measures to ensure SD.  

After China announced its environmental protection as one of two basic national policies in 1983, 

it became the first developing country to announce the implementation of an SD strategy in 1992 

(Zhang and Wen, 2008). Table 1 shows an overview of China's main SD progress since 1994, when 

the prelude to its SD has officially begun with China’s Agenda 21.  

In 1994, “China’s Agenda 21-White Paper on China’s Population, Environment, and Development 

in the 21st Century”, the first national-level Agenda 21 in the world to implement its SD strategy, was 

released (SDPC, 1994). In 1996, the “Outline of the Ninth Five-Year Plan (1996-2000) for National 

Economic and Social Development and the Long-range Objectives to the Year 2010” clearly proposed 

the implementation of an SD strategy in China and emphasized the importance of SD to the economic 

development in the next 15 years and for the realization of the modernization drive.1  

Since 1997, the Central Committee of the Chinese Communist Party (CCP) had held a special 

symposium on population, resources, and the environment for eight consecutive years. The heads of 

the CCP Central Committee, local provinces, municipalities, and various departments had gathered to 

discuss population, resources, and environmental issues (Zhang and Wen, 2008). In 2005, a 

“Harmonious Society”2 was put forward as a strategic governance task. In 2012, at the 18th CPC 

National Congress, the policy of ecological civilization was incorporated into the Communist Party of 

China’s (CPC) Charter and regarded as a critical element of China’s national development strategy 

(Kuhn, 2016).  

In 2015, the Fifth Plenary Session of the 18th CPC Central Committee adopted the “Proposal of the 

CPC Central Committee for the Formulation of the 13th Five-Year Plan (2016-2020) for National 

Economic and Social Development”, which combined “Green Development” with the development 

concepts of innovative development, coordinated development, open development, and shared 

development to form five conceptions of development (Yang, 2015). In 2016, “China’s National Plan 
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on Implementation of the 2030 Agenda for Sustainable Development”, the overall guidance and 

action manual for implementing the SDGs, was released (China, 2016). 

In 2017 and 2019, “China’s Progress Report on Implementation of the 2030 Agenda for 

Sustainable Development” was issued. In 2021, “China's VNR Report on Implementation of the 2030 

Agenda for Sustainable Development” was issued, in which the report points out that China has made 

significant improvements in five areas: (1) Complete elimination of absolute poverty, (2) Ecological 

governance and climate response, (3) Successful epidemic control and resilient economy, (4) Food 

security and rural revitalization, and (5) Infrastructure connectivity and sustainable transportation 

(Ministry of Foreign Affairs of the People’s Republic of China, 2021). 

 

Table 1: Overview of China's Main Sustainable Development Progress 

Year Description 

1994 Releases “China’s Agenda 21-White Paper on China’s Population, 

Environment, and Development in the 21st Century” 

1996 Announces “Outline of the Ninth Five-Year Plan (1996-2000) for 

National Economic and Social Development and the Long-range 

Objectives to the Year 2010” 

2005 Put forwards “Harmonious Society” as a strategic task of governance  

2012 Incorporates the policy of ecological civilization into the Communist 

Party of China’s (CPC) Charter 

2015 Adopts “Proposal of the CPC Central Committee for the Formulation of 

the 13th Five-Year Plan (2016-2020) for National Economic and Social 

Development” 

2016 Releases “China’s National Plan on Implementation of the 2030 Agenda 

for Sustainable Development” 

2017/ 

2019 

Issues “China’s Progress Report on Implementation of the 2030 Agenda 

for Sustainable Development” 

2021 Issues “China's VNR Report on Implementation of the 2030 Agenda for 

Sustainable Development” 

Source: SDPC (1994), Peng (http://www.china.org.cn/95e/95-english1/2.htm, accessed on February 

03. 2021), Zhang and Wen (2008), Yang (2015), Kuhn (2016), Ministry of Foreign Affairs of the 

People’s Republic of China (2019, 2021). 

 

3. Literature Review  

Through the above-mentioned SD progress, it can be seen that China attaches great importance to 
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SD. To measure the degree of SD policy performance in a country or region, a scientific, practical, 

and stable evaluation index system needs to be established to measure the degree of SD. As 

sustainable development moves from theory to practice, scholars in China have also researched 

sustainable development evaluation index systems, mainly at the national, regional, and urban levels. 

The research at the national level can be traced back to “China’s Agenda 21”, which discusses SD 

evaluation indicators in detail. In 1996, Chen Yaobang, the deputy director of the State Planning 

Commission of China, published the “Sustainable Development Strategy Reader” for the first time in 

China, pointing out the urgency and necessity of implementing SD in China, as well as focusing on 

the SD of population, natural resources, ecological environment, and human settlements. In 1999, the 

Chinese Academy of Sciences released “China’s Sustainable Development Strategy Report”, which 

proposed five levels and 208 indicators for China’s SDI system.  

This report has been published annually since then. The State Planning Commission, the National 

Bureau of Statistics, Tsinghua University, Peking University, and other research institutions and 

scholars have researched China’s SDI system from different perspectives and scales. Among them, the 

most representative research recently is the “Blue Book of Sustainable Development: Evaluation 

Report on the Sustainable Development of China (2018),” an international cooperation project jointly 

organized by the China Center for International Economic Exchanges (CCIEE), the Earth Institute of 

Columbia University, and Ali Research. This report constructed the China Sustainable Development 

Indicator System (CSDIS), a new evaluation index system for China’s SD. The framework consists of 

five themes: economic development, social and people’s livelihood, resources and environment, 

consumption and emission, and governance and protection.  

The index system is divided into national, provincial and large and medium-sized cities. The 

national index system consists of five first-level indicators and 22 second-level indicators. The 

provincial indicator system consists of five first-level indicators and 26 second-level indicators. The 

index system of large and medium-sized cities consists of five first-level indicators and 22 second-

level indicators. Among them, the national-level indicator system adopts an equal weighting method 
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and calculates the total index and the indexes of the first and second-level indicators for each year 

from 2010 to 2018, showing the continuous upward trend in China's sustainable development index 

(CCIEE et al., 2020). This report has been updated annually.  

In addition, many scholars have recently researched China’s SDI. Representative studies are Kim 

et al. (2019), Zhu et al. (2019), Zhang et al. (2019), Sachs et al. (2020), Xu et al. (2020), and Sachs et 

al. (2021). Kim et al. (2019) compared China's SD performance with 41 other economic transition 

countries using economic, social, and environmental indicators for 1990-2014, showing that China 

has achieved the most remarkable improvement in SD. Sachs et al. (2020) used 85 indicators to assess 

China’s performance for 2019. China ranked 48 out of 166 countries. Sachs et al. (2021) used 91 

indicators to assess China’s performance for 2020. China ranked 57 out of 165 countries in the SD 

global rank. Sachs et al. (2021) used 91 indicators to assess China’s performance by 2020. China 

ranked 57 out of 165 countries in the SD global rank. 

Zhu et al. (2019) assessed the overall changes in China’s SD by using 53 evaluation indicators 

from 2012-2016. They stated that the overall SD had continuously improved, and the trend of growth 

was maintained throughout the years. Zhang et al. (2019) assessed the SD level of “Five 

Modernizations” (industrialization, informatization, urbanization, agricultural modernization, and 

greenization) and determinants of the “Five Modernizations” with respect to the scale and economic 

level by using the panel data of 283 prefecture-level cities and 17 indicators for 2006-2015.  

There are various methodologies to measure the degree of sustainability in terms of corporate 

achievement, environment, well-being, human development, and innovation (Singh et al., 2012). 

However, no studies have measured the degree to which the UN SDGs are reflected in SD, relying on 

traditional methods to derive the SDI instead. The traditional method calculates an SDI for each goal 

by assigning the same weight to all indicators (Barrera-Roldán and Saldivar-Valdés, 2002; OECD, 

2008; Sachs et al., 2021).  

For instance, Xu et al. (2020) assessed 17 SDGs at national and sub-national levels (provincial 

level) in China using 119 indicators from 2000 to 2015. They found that China’s SDI score increased 
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at the national and provincial levels during this period. Although the study attempted to quantify the 

progress toward all SDGs in China, they used standardized indicators to derive the SDI by taking the 

arithmetic mean of the standardized indicators. Similarly, Sachs et al. (2021) calculated the SDI. They 

define SDI in equation (1). 

 

                   (1) 

 

 is the SDI for country i, 

 is the number of SDGs of country i, and 

 is the number of indicators that belong to the jth goal in 

country i.  is the value of the kth standardized indicator in the 

jth goal for country i.  

Sachs et al. (2021) standardized indicators by . 

 is the ith standardized indicator, and 
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min  is the minimum value of the ith indicator for all countries. 

The values are expressed in ascending order, indicating that higher values imply better performance. 

Comparing each standardized value for all countries, the state of SD is color-coded from the worst to 

the best state (red, yellow, orange and green), which depends on the relative value with respect to that 

of other countries. Therefore, this method utilizes a simple arithmetic average of the standardized 

indicators or goals; thus, the contributions of all standardized indicators to the SDI are weighted 

equally. The state of SD reflects the relative status among all sample countries and does not suggest 

time-series implications of the same indicator. 

 

4. Factor Analysis with Principal Component Analysis  

This study employs factor analysis with PCA to derive the aggregate SDI, which is useful for 

obtaining a small set of variables, called factors, from a large set of indicators. 

In factor analysis, the following model in Equation (2) is assumed.  
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(2) 

 

Equation (2) implies that the observed and standardized s are 

explained by a linear combination of latent variables (  for 

j . Here f is called a latent factor. bij for i = 1, 2, …, q and j = 1, 2, 

…, k are called factor loadings, which are unobserved constants. 

 for i = 1, 2, …, q are called specific factors. Because latent 

variables are not observed, factor loadings and variance-covariance of specific factors should be 

estimated. This study follows PCA for this estimation (Harman, 1976). 

In matrix form, Equation (2) can be rewritten as follows. 

 

                              (3) 

 

Z is a vector of the observed variables, . B is a q  k matrix 
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of coefficients, bij. F is a vector of latent factors, , which are 

also unobserved random variables. U is a vector of error terms, . 

The following assumptions are made. First, specific factors are assumed to have a zero mean, 

, and the diagonal variance-covariance matrix, 

, where 

  

                        (4) 

       

 

Second, the latent variables and specific factors are assumed to be independent so Equation (5) 

holds. 

  

                             (5) 

 

Third, observed variables are standardized to have a zero mean and unit variance.  
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                             (6) 

 

Here,  and  are the 

arithmetic mean and standard deviation of the originally observed variable 

, respectively, and  is the 

standardized value of indicator . The mean of 

 is zero, that is,  and the 

variance is 1, that is, . Thus, factor analysis is invariant to the 

rescaling of the variables. The indicators of SDGs have different units; therefore, standardization by 

standard deviation leads to the comparison of variables with the same unit.  

Fourth, latent factors are standardized to have a zero mean and identity variance-covariance matrix.   

 

and  

                           (7) 
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In Equation (3), all variables except for Z are not observed; therefore, they are estimated under 

specific constraints. Because   and 

, the variance and covariance of Equation (7) can be found in 

Equation (8). 

 

                          (8) 

 

Here, the variances of Z are decomposed into two parts. The first is the square term of factor 

loading called communality. This is the variance arising from latent factors.3 The second term is the 

variance of the error terms, which are called the specific or unique terms. This is the variance that is 

not explained by the latent factors. 

Because Z is observed while B and U are not observable, we need to estimate B and U. The factor 

analysis assumes the same number of factors as the number of variables. Each factor captures a 

certain amount of overall variance in the observed variables, i.e. 

 in this study. The number of factors that are used in deriving 

SDI is selected by specific criteria such as the number of eigenvalues of the latent variables and/or the 

Kaiser (1974) criteria.  

Factor analysis with PCA is used to estimate  by calculating 
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the sample covariance matrix S and the initial estimate of specific variances. The sample covariance 

matrix is the same as the sample correlation matrix under the standardization of mean 0 and standard 

deviation 1. 

Finally, the SDI is derived by various steps which are explained later in detail: derivation of 

eigenvalues, factor loadings, weights to each goal, etc.  

 

5. Data Description 

Table 2 lists the number of indicators that reflect SDGs and are used in this study. There are 247 

indicators that reflect the 17 SDGs. Since 16 indicators are overlapped among the original 247 

indicators, 231 separate indicators are used (UN homepage).4 

To utilize accurate data with the longest period, data are collected from various sources, such as 

the UN, World Bank, ILO, WHO, OECD, IHME, and Ocean Health Index. To find the long-run trend 

of SD targets, data were collected from 1990-2019.5 CH in the last column of Table 2 lists the number 

of indicators available for China. Here 177 indicators with replacement by proxy data are collected, 

but only 156 indicators are used for the derivation of the SDI.6 

 

Table 2: Data Description 

Category Goals Description 

SDG 

Indicato

rs 

CH 

Economy Goal 1 no poverty 13 8(8) 

Economy Goal 2 no hunger 14 13(13) 

Society Goal 3 good health 28 26(25) 

Society Goal 4 quality education 12 9(9) 

Society Goal 5 gender equality 14 7(7) 

Environment Goal 6 clean water and sanitation 11 9(7) 

Environment Goal 7 renewable energy 6 6(6) 

Economy Goal 8 good jobs and economic growth 16 13(13) 

Economy Goal 9 industry, innovation and infrastructure 12 10(9) 

Economy Goal 10 reduced inequalities 14 12(10) 

Society Goal 11 sustainable cities and communities 14 3(3) 
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Society Goal 12 responsible consumption 13 10(7) 

Environment Goal 13 climate action 8 3(3) 

Environment Goal 14 life below water 10 7(3) 

Environment Goal 15 life on land 14 12(8) 

Society Goal 16 peace and justice 24 11(9) 

Society Goal 17 partnerships for the goals 24 18(16) 

 Total  247 177(156) 

Note: (1) CH is the number of indicators for China among 247 SDG indicators. (2) Out of total 177 indicators 

available, 156 indicators are used in the analysis by excluding the data with only 1 year or the same values 

over years. Some unavailable indicators are replaced by proxy variables. 

 

Factor analysis standardizes the indicators based on their own mean values. In this study, each 

SDG is derived using a simple mean of the indicators that belong to each goal. This is because many 

indicators have no full time-series values owing to many missing values.  

As many values are missing for some indicators, the data with the lowest number of missing years 

are initially selected. Subsequently, the missing values are replaced with their imputed values. To be 

specific, by exploiting the interpolation method, the missing values between the collected values are 

imputed by its mean, and the missing values before and after the collected values are replaced by the 

first and the last collected data, respectively. When the initial year is not 1990, the missing values are 

replaced by the oldest data available to avoid the case where the imputed value can be negative even 

though they should have positive values. Due to data availability, the number of indicators for each 

SDG ranges from 1 to 20, as shown in Table 2. The arithmetic mean of the indicators within each 

SDG was calculated to avoid the problem of having a different number of indicators in each SDG. 

Furthermore, the data in which the smaller values reflect improvement are converted to their inverse 

values such that the larger values indicate improvement.   

Figures 1 to 3 show annual trends of the 17 SDGs. Figure 1 shows the trends of Goals 1 to 6. Goal 

1 shows a steady trend until 2002 then gradually improves, except for a notable fall in 2008. With the 

full implementation of the “taking targeted measures for poverty-alleviation” ( 精准扶贫，

jingzhunfupin) policy since 2014, it has also shown further improvement. The improvement was 

mainly due to a decrease in the poverty rate and an increase in government health expenditure, social 
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protection benefit, and population with access to basic sanitation services. The sharp decline in 2008 

was caused by the 2008 Great Sichuan earthquake, which caused 69,226 deaths, 17,923 missing and 

374,643 injuries. The number of collapsed houses reached 7,789,100, and the number of partially-

collapsed houses reached 24.59 million. The direct economic damage reached 845.1 billion RMB 

(UNCRD, 2009). 

Goal 2 appears to have improved consistently since 1990, with a slight deterioration in 2019 due to 

an increase in the consumer food price index. A decrease in the prevalence of undernourishment, 

stunting and malnutrition and an increase in cereal yield and crop production index were significant 

drivers of the increasing trend. Similarly to Goal 2, Goal 3 improves gradually over the years, mainly 

due to improvement in various health indicators such as mortality rate, traffic death, physicians, 

vaccination, and incidence of tuberculosis, malaria, and hepatitis B. Nevertheless, daily smoking and 

alcohol consumption increased continuously during this period. 

Goal 4 either remained stable or decreased until the early 2000s but then showed an improving 

trend afterwards. Negative attributes include a decrease in primary school enrollment and primary 

completion rate in the early period, while positive attributes include an increase in preprimary and 

tertiary school enrollment and a decrease in the pupil-teacher ratio. In addition, small-scale 

fluctuations were contributed by volatile changes in the total official flows for scholarship during this 

period. Since the implementation of the "Law of the People's Republic of China on Compulsory 

Education" in 1986, nine-year compulsory education has improved steadily in China. Especially on 

June 29, 2006, the 22nd meeting of the Standing Committee of the Tenth National People's Congress 

revised the law, clarifying that the essence of compulsory education should be quality education. As a 

result, the quality of education in China has greatly improved since 2006. 

Goal 5 shows a U-shaped trend over the years, with a turning point in 2006. While the proportion 

of seats held by women in the national parliament increased over the period, the female labor 

participation rate has consistently decreased as well. However, the ratio of female to male labor force 

participation rate remains stable. The proposal of "gender equality as a basic national policy to 
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promote China's social development" was first put forward in 1995, and the law on the protection of 

women's rights and interests revised in 2005 stipulates that "the implementation of gender equality is 

the basic national policy of the country". In 2012, the 18th National Congress of the Communist Party 

of China included gender equality as a basic national policy in the report for the first time. Therefore, 

it has shown a steady growth since 2013. 

Goal 6 remained stable until 2016 and improved quite rapidly. While access to improved water and 

sanitation, water use efficiency, and water body extent have improved over the years, annual 

freshwater withdrawal has increased at the same time, leading to a steady trend in the early period. In 

particular, the implementation of the “South-to-North Water Diversion Project,” which started in 

2002, has significantly improved the problem of more water in the south and less water in the north. 

 

 

Figure 1: Trends of SDGs 1-6 
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Figure 2 shows the trend of Goals 7-12. Similarly to Goal 6, Goal 7 shows a steady trend in the 

early period then continuously improved with a small-scale fluctuation in 2016. While access to 

electricity and non-solid fuels has increased continuously, the ratio of renewable energy consumption 

in total final energy consumption has deteriorated over the years. The improvement in 2016 is 

attributed to an increase in international financial flows to developing countries in support of clean 

energy research and development and renewable energy production.  

Goal 8 gradually improved over the period. The main drivers are an increase in the mean nominal 

monthly wage of employees, decrease in material footprint, adolescent labor force participation rate, 

and age-standardized all-cause disability-adjusted life year (DALY) rates attributable to occupational 

risks. Although China’s GDP growth rate is relatively high relative to other developing countries. Due 

to China's commitment to the new normal economic growth in recent years, the GDP growth rate has 

decreased slightly, and more focus has been put on improving the imbalance of regional development 

and distribution. 

Goal 9 shows a continuously increasing trend due to an increase in R&D researchers, mobile 

cellular subscriptions, official flows for infrastructure, air transport passenger volume, and a decrease 

in CO2 emissions per unit of GDP. CO2 emissions per unit of GDP have decreased significantly from 

2.6 kg per 2010 USD of GDP in 1990 to 0.9 kg per 2010 USD of GDP in 2018.  

Goal 10 shows a slight improvement in the first three years but then remains stable until 2012 and 

then increases. The improvement in the first three years was caused by an increase in GDP per capita 

growth rate from 2.4% in 1990 to 12.6% in 1993, which fluctuates afterwards. The main drivers of the 

improvement since 2013 are an increase in the number of refugees, an increase in the proportion of 

voting rights in international organizations such as the IMF, improvement in financial soundness, 

decrease in the Gini index, and decrease in deaths and disappearances recorded during migration.  

Goal 11 tends to be steady in the early periods with a significant decrease in 2008 and then shows 

a gradually improving trend. Similarly to Goal 1, a notable fall in 2008 was attributed to an increase 

in the death rate due to exposure to natural forces. PM2.5 in urban areas has increased between 1990 
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and 2011 then has decreased continuously from 70.5 μg/m3 in 2011 to 52.7 μg/m3 in 2017. In 

addition, the population living in slums has decreased over the years.  

Goal 12 moderately increases until 2015 and shows a small-scale fluctuation. Domestic material 

consumption per capita, combustible renewables, and waste decrease over the period. Total municipal 

waste has increased at the same time. An increase in the installed renewable electricity generation 

capacity and average compliance rate are the main drivers of the improvement.  

 

 

Figure 2: Trends of SDGs 7-12 

 

Figure 3 shows the trends of Goals 13 to 17. Goal 13 shows a stable trend, with a large fall in 2008. 

Similarly to Goals 1 and 11, the increase in the death rate due to the earthquake causes the fluctuation 

in 2008. While CO2 emissions per capita decrease over the years, total greenhouse gas emissions 

increase at the same time leading to a steady trend. In contrast to other goals, Goal 14 shows a 
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deteriorating trend over the period with a slight increase between 2008 and 2014. Although marine 

protection areas increase from 3.5% of territorial waters in 2000 to 8.3% in 2019, aquaculture 

production has increased as well. The slight increase was due to improvement in fisheries indicators 

suggested by the EPI (Environmental Performance Index), which measures the health and 

sustainability of the fisheries.  

Goal 15 shows a steady or slowly improving trend until 2010, increases quite rapidly until 2015, 

then deteriorates at the end of the period. While forest areas, protected freshwater sites, mountain key 

biodiversity areas (KBAs) covered by protected areas and grassland loss index improve throughout 

the period, the Red List Index of species survival worsened as well. Total official development 

assistance for biodiversity fluctuates during the period with a large decrease in 2018, which leads to a 

deteriorating trend.  

Goal 16 shows a quite stable pattern despite some fluctuation until 2013, shows a large fall in 2014, 

and then recovers at a fast pace. Positive attributes include a decrease in homicide, an increase in the 

proportion of voting rights of China in international organizations, and an increase in the proportion 

of seats held by women in national parliaments. On the other hand, negative attributes include an 

increase in age-standardized prevalence of women and men aged 18-29 years who experienced sexual 

violence by age 18 and the worsened slavery score.  

Goal 17 improves continuously due to an increase in tax revenue, fixed Internet broadband 

subscriptions, individuals using the Internet, PPP for infrastructure, statistical capacity score, and 

methodology assessment of statistical capacity. Furthermore, the received net official development 

assistance (ODA) turned negative since 2011, indicating that China became a donor country. FDI 

inflows and total ODA for technical cooperation increased gradually at the same time.   
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Figure 3: Trends of SDGs 13-17 

 

6. Derivation of Sustainable Development Index  

Conducting the factor analysis with the indicators that reflects the SDGs, the first step is to derive 

all eigenvalues for estimated latent factors and accumulated proportions of variance explained by each 

factor. This study selects 17 latent factors (the number of SDGs) in the estimation process. Table 3 

lists the eigenvalues and their proportion. The eigenvalue measures the variances of the observed 

variables 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. Difference means the difference of eigenvalues of each 

factor and the subsequent factor.  

The proportion indicates the relative weight of variance explained by each factor in the total 

variance. Therefore, the sum of all proportions is 1. Factor 1 explains 69.09% (= 11.7453/17) of the 
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total variance, implying a 69.09% contribution of Factor 1 in the variance of SDGs used in the study. 

The column for “Cumulative” in Table 3 gives the cumulative proportion of the total variance 

explained by each factor and all of the previous ones. From the last column, Cumulative, the degree of 

the variances contributed by the first 3 factors, is 89.97%. 

 

Table 3: Eigenvalues and Selection of Factors 

Factor Eigenvalue Difference Proportion Cumulative 

Factor1 11.7453 9.6070 0.6909 0.6909 

Factor2 2.1383 0.7269 0.1258 0.8167 

Factor3 1.4114 0.6191 0.0830 0.8997 

Factor4 0.7923 0.5040 0.0466 0.9463 

Factor5 0.2883 0.1181 0.0170 0.9633 

Factor6 0.1703 0.0441 0.0100 0.9733 

Factor7 0.1262 0.0215 0.0074 0.9807 

Factor8 0.1047 0.0107 0.0062 0.9869 

Factor9 0.0940 0.0435 0.0055 0.9924 

Factor10 0.0505 0.0250 0.0030 0.9954 

Factor11 0.0255 0.0052 0.0015 0.9969 

Factor12 0.0203 0.0076 0.0012 0.9981 

Factor13 0.0127 0.0025 0.0007 0.9988 

Factor14 0.0102 0.0029 0.0006 0.9994 

Factor15 0.0073 0.0049 0.0004 0.9998 

Factor16 0.0023 0.0018 0.0001 1.0000 

Factor17 0.0006 . 0.0000 1.0000 

Total 17.0000  1.0000  

Note: LR test: independent vs. saturated: chi2(136) = 1042.76 (Prob>chi2 = 

0.0000). 

 

As a second step, an optimal number of factors must be selected using appropriate criteria. This 

study uses the Kaiser (1974) criteria and the scree plot method. Using the Kaiser criteria, factors with 

eigenvalues higher than 1 are selected. The three factors listed in Table 2 are selected. As another 

criteria, Figure 4 shows plots of each of the eigenvalues for the 17 factors. There is a plot in which the 

smooth decrease in eigenvalues appears to level off. To the right of this point (i.e. more factors), only 

factorial scree was found. From the scree plot, three factors are selected for analysis.    



Preliminary study: do not circulate or cite it 

25 

 

 

 

Figure 4: Scree Plot of Eigenvalues of Factors 

 

In the third step, to find the position that encompasses the actual data better overall, orthogonal 

rotations are undertaken under the assumption that the factors are not correlated.7 For this purpose, 

the factor loadings are rotated by orthogonal variance maximization.8 As in Table 4, after the rotation, 

the three factors explain 89.97% of the total variances. Here, the contribution of the first two factors is 

81.66%, and the third factor contributes only 0.0831, i.e., 8.31%p. 

 

Table 4: Orthogonal Rotation and Variances 

Factor Variance Difference Proportion Cumulative 

Factor 1 8.0087 2.1351 0.4711 0.4711 

Factor 2 5.8736 4.4611 0.3455 0.8166 

Factor 3 1.4125 - 0.0831 0.8997 

LR test: independent vs. saturated: chi2(136) = 1042.76, Prob>chi2 = 

0.0000. 

 

In the fourth step, factor loadings are derived. Loading values are the weights and correlation 

coefficients of each variable, with a factor, ranging between -1 and 1. The higher the loading values, 
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the more relevant they are in explaining the goals based on relevant factors. In other words, they 

reflect the degree of contribution of each factor to the 17 goals. Table 6 shows the list of loading 

values. The combination of goals and factors is determined by the maximum contribution of each 

factor to the goals. For example, Factors 1-3 contributed 0.8318, 0.4730, and 0.1554, respectively, to 

the first goal. Thus, Goal 1 is decided mainly by Factor 1. In the same way, Goal 2 is explained 

mainly by Factor 1. The combinations of all goals and factors are denoted in bold.  

Uniqueness is the proportion of the variance of the variables that is not associated with latent 

factors. Thus, the greater the uniqueness of a specific variable, the lower its relevance in the factor 

analysis. The proportion of the final row in table 6 indicates the share explained by factors with the 

largest factor loadings of each goal.  

In the fifth step, from factor loadings, the combination of factors and Goals is decided. Goals 1, 2, 

3, 4, 8, 9, 12, 14, 15, and 17 are well explained by Factor 1. Goals 5, 6, 7, 10, 11, and 16 are explained 

by Factor 2, and Goal 13 is explained by Factor 3.  

 

Table 5: Rotated Factor Loading and Unique Variances 

Variable Factor 1 Factor 2 Factor 3 Uniqueness  

Goal 1 0.8318 0.4730 0.1554 0.0603 

Goal 2 0.9310 0.3144 0.0407 0.0327 

Goal 3 0.9321 0.3544 0.0147 0.0054 

Goal 4 0.6808 0.6372 -0.1906 0.0941 

Goal 5 0.3251 0.8143 -0.1959 0.1928 

Goal 6 0.4566 0.8034 0.0804 0.1396 

Goal 7 0.5679 0.7878 -0.0667 0.0524 

Goal 8 0.8282 0.4735 0.0428 0.0880 

Goal 9 0.8273 0.5373 -0.0485 0.0246 

Goal 10 0.3320 0.9127 -0.0134 0.0565 

Goal 11 0.2332 0.7963 0.5188 0.0424 

Goal 12 0.9294 0.2574 -0.1028 0.0594 

Goal 13 -0.0301 -0.0412 0.9883 0.0206 

Goal 14 -0.8917 0.2594 -0.0469 0.1354 

Goal 15 0.7383 0.5733 -0.1155 0.1129 

Goal 16 0.0109 0.6649 -0.1565 0.5332 

Goal 17 0.8608 0.4520 -0.0017 0.0547 
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Proportion 47.11% 34.55% 8.31% - 

 

This combination can be confirmed by the R2 values of a simple regression of each goal on 

individual factors. To find the relationship between each goal and the three factors, Figure 5 shows the 

R2 values for the simple regression of each factor for each goal.9  

First, Goals 1, 2, 3, 4, 8, 9, 12, 14, 15, and 17 are explained by Factor 1, with the highest R2 values. 

Second, Goals 5, 6, 7, 10, 11, and 16 are explained by Factor 2, with the highest R2 .values. Third, 

Goal 13 is explained by Factor 3, which has the highest R2 .values. 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. 

 

 

Figure 5: Regression R2 for Each Factor on Each Goal 

 

Table 7 shows the factor rotation matrix, which estimates the rotated factor loadings. The factors in 
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the column indicate the unrotated factors, and the factors in the row imply the rotated factors. The first 

column implies that Factor 1 (rotated) = 0.7817*Factor 1 (unrotated) - 0.6232*Factor 2 (unrotated) + 

0.0235*Factor 3  (unrotated). 

 

Table 6: Factor Rotation Matrix 

Variable Factor 1 Factor 2 Factor 3 

Factor 1 0.7817 0.6236 -0.0076 

Factor 2 -0.6232 0.7816 0.0282 

Factor 3 0.0235 -0.0173 0.9996 

 

Figure 6 shows the trends of the three factors. The first factor shows a continuously increasing 

trend with a small decrease in 2016. Factor 2 shows a U-shaped trend, with a turning point as of 2008. 

Factor 3 shows a trend similar to Goal 13, with a significant drop in 2008, followed by a steady trend.  

 

 

Figure 6: Trends of Selected Factors 

 

Then, as a sixth step, the weight to each goal is calculated by using the information of factor 

loadings and their squared values. Table 8 combines the maximum factor loading for each goal and 
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derives the weight of each goal to the SDI (OECD, 2008). The weight of each goal is calculated by 

the ratio of squared maximum factor loading for each goal to the sum of total squared maximum 

factor loadings. As explained before, the squared value of factor loading indicates variance explained 

by that factor loading. This is to normalize the weight to be between 0 and 1. The weight is calculated 

as follows. 

 

 

 

The denominator is the total variance explained by the three retained factors. Thus, the weight is 

calculated by dividing the values of the factor squared by the total variance explained by the three 

factors. Table 8 lists the factor loading selected in Table 6 and the calculated weights. For example, 

the weight of Goal 1 is 5.76% and that for Goal 2 is 7.21%. From this calculation, the maximum 

weight is 8.12% for Goal 13, which means that Goal 13 has the highest contribution to the SDI.  

 

Table 7: Contribution of Each Goal to SDI  

Goals 
Factor 

loading 

Squared factor 

loading 
Weight 

Goal 1 0.8318 0.6919 0.0576 

Goal 2 0.931 0.8668 0.0721 

Goal 3 0.9321 0.8688 0.0723 

Goal 4 0.6808 0.4635 0.0386 

Goal 5 0.8143 0.6630 0.0552 

Goal 6 0.8034 0.6454 0.0537 

Goal 7 0.7878 0.6206 0.0516 

Goal 8 0.8282 0.6859 0.0571 

Goal 9 0.8273 0.6844 0.0569 

Goal 10 0.9127 0.8330 0.0693 

Goal 11 0.7963 0.6341 0.0527 

Goal 12 0.9294 0.8638 0.0719 
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Goal 13 0.9883 0.9767 0.0812 

Goal 14 -0.8917 0.7951 0.0661 

Goal 15 0.7383 0.5451 0.0453 

Goal 16 0.6649 0.4421 0.0368 

Goal 17 0.8608 0.7410 0.0616 

Sum 12.4357 12.0214 1.0000 

Note: sum of squared factor loadings implies total variance 

explained by all 17 goals. 

 

Finally, by multiplying the derived weights and values of the 17 goals, the SDI is calculated. 

Figure 7 shows the annual trends of the calculated SDI. China has shown a progressive improvement 

in SD during 1990-2019 with a large-scale fluctuation in 2008, reflecting the period of financial crisis 

and an increase in the death rate due to the 2008 Great Sichuan earthquake. As most of the goals 

exhibit improvement over the years, the index also displays an increasing trend. Due to Goals 1 (no 

poverty), 2 (no hunger), 8 (decent work and economic growth), 11 (sustainable cities and 

communities), 13 (climate action), 16 (peace, justice, and strong institutions), the index shows a 

decent fall in 2008. 

 

 

Figure 7: Sustainable Development Index 
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Furthermore, because Goal 13 is mainly decided by the Factor 3, SDI using only Factors 1 and 2 

are calculated and compared in Figure 8. Excluding Factor 3, SDI shows a smaller fluctuation in 2008 

and faster growth afterwards. Compared to Figure 7, Figure 8 additionally shows an annual trend of 

GDP per capita of China since 1990. SDI and GDP per capita generally show similar trends, although 

the former shows a noticeable fall in 2008, and the latter shows a continuously improving trend over 

the period.  

 

 

Figure 8: Comparison of SDI and GDP per capita 

 

7. Conclusion 

This study investigates the trend in the SD status of China by utilizing 156 out of 247 indicators of 

UN SDGs. Unlike the traditional methodology that uses a constant weight for all goals, the SDI is 

calculated using factor analysis with PCA. 

The main findings are as follows.  

First, a progressively improving SDI is derived. It demonstrates a low value at the beginning of the 

1990s, with reaching the lowest value in 2008 but then shows a gradual improvement. Interestingly, 
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the trend of SDI is quite similar to that of the per capita GDP. Then, it can be inferred that the status of 

SD is well approximated by the level of per capita GDP. 

Second, most of the goals show a continuous improvement over the period, indicating that they 

directly contribute to the shape of the SDI. They are Goals 1 (no poverty), 2 (no hunger), 3 (good 

health), 4 (quality education), 8 (decent work and economic growth), 9 (industry, innovation, and 

infrastructure), 12 (responsible consumption), and 17 (partnership for the goals).  

Third, Goals 4 (quality education), 6 (clean water and sanitation), 7 (affordable and clean energy), 

10 (reduced inequalities), 11 (sustainable cities and communities), 15 (life on land), and 16 (peace, 

justice, and strong institutions) show a steady trend in the early period but then demonstrate a gradual 

improvement since 2010. On the other hand, Goal 13 (climate action) shows a steady trend during the 

sample period with a fluctuation in 2008, while Goal 14 (life below water) steadily deteriorated.  

Finally, Goal 5 (gender equality) shows a U-shaped trend as the situation improved after the 2006.  

Overall, at the national level, China's sustainable development situation continues to improve 

steadily with its economy growth. However, the carrying capacity of the environmental field is still 

weak, and individual indicators (Goals 13 and 14) show a deteriorating trend, which has a negative 

impact on economic and social activities. Thus, in order to advance the UN's 2030 Sustainable 

Development Agenda in a high-quality manner, China still needs to introduce systematic response 

plans to dynamically maintain a virtuous circle of economy, society and environment and promote 

high-quality development. 
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mean 0 and standard deviation 1. 

4  Indicators that repeat in the SDGs 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) 

5 Sachs et al. (2021) select 121 indicators out of 247 indicators for dashboard analysis and calculation 

of SDI. The number of countries used in the analysis is 165, with 38 OECD countries, and 30 

indicators are only for OECD countries. Countries with missing more than 20 percent of data are 

excluded in deriving SDI.  

6 21 indicators (with 4 overlapping) out of the 247 indicators are on the number of countries or the 

number of developing countries. Therefore, since they are not on sustainability of a specific country, 

those indicators are excluded from the analysis so that the number of indicators that are used for 

analysis in this study is 156 out of 214. 

7 Rotation which allows the correlation among factors is called oblique rotation.   

8 The variation maximization strategy aims to boost the variance of the factor to obtain a pattern of 

loadings on each factor that is as diverse as possible. This strategy amplifies the variance of the 

squared loadings within factors. 

9 The R2 is the same as R2 for the regression of each goal on each factor and the squared value of each 

factor loading.  

 

 




