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ABSTRACT 

China’s Long-Term Economic Growth Sustainability: an Empirical Approach 

Wendy Mak 

Doctor of Philosophy 

Temple University, 2011 

 

Doctoral Advisory Committee Chair: Dr. Fyodor Kushnirsky 

Doctoral Advisory Committee Co-Chair: Dr. Lawrence Klein 

 

 This dissertation focuses on assessing the sustainability of China’s long-term 

economic growth. The evaluation is performed, first, by examining economic and social 

issues from the past thirty years that shape China to where it is now, and second, by 

taking an empirical approach in understanding what factors are critical to China’s 

economic growth.  

The empirical model framework consists of three blocks representing the main 

areas of development in China: economic growth, health and environmental 

development, and the model is estimated with two-stage least squares methodology. We 

identify strong, simultaneous feedback between economic growth and health 

development. The estimation results show that continued improvements in the health 

status of Chinese workers are important to support stronger economic growth in China. 

Environmental stress is detrimental to China’s long-term health status, which indirectly 

reduces the country’s long-term economic potential.  

We test the robustness of our model, and confirm that, the proposed model setup 

produce a set of forecast values that are closer to the actual values than a model without 

health- and environmental-related variables.  
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CHAPTER 1 

INTRODUCTION 

China’s economic success has been astounding in the past thirty years. In the 

1960s, China was a developing country struggling with poor economic performance, high 

illiteracy and low living standards. Full attention was not given to China’s economic 

performance at that time, partly due to its poor performance in the world economy and 

the lack of proper information and datasets, and partly due to the language barrier. Fifty 

years later, China is now growing rapidly as a developing country, and has emerged to a 

position of leadership in the world economy. In the aftermath of the global economic and 

financial crises in the past years, China has demonstrated its resilience to maintain its 

economic well-being and has established its prominence as a source of growth for the 

world economy.  

Economists have done extensive research and have established solid 

understanding of economic growth trajectory in countries of North and South America, 

and Europe. However, economists have yet to explain how Asia has become such a 

powerful force in the world, with China and India pushing the region forward. Looking 

forward, China has the opportunity to become the world’s largest economy, and it 

certainly has the chances to move towards that direction. It is, therefore, imperative to 

understand, first, what steps China has taken from 1969 to now to achieve such a huge 

leap in economic performance and close the gap between itself and other economies, 

second, whether China can maintain such pace of economic momentum, and third, what 

lies ahead for the country’s economic outlook. 
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For the time being, there is a lack of systematic approach towards forecasting 

long-term economic development in China. Chow (1985, 2010) examined the role of 

consumption and investment in his macroeconomic model for China. Perkins and Rawski 

(2007) analyzed the role of total factor productivity in China’s economic forecast to 

2025.
1
 Other studies in the literature look at China mainly from the theoretical standpoint 

or focus on a specific sector of its economy. Very few studies in the literature, however, 

address the issue of establishing a methodical approach towards understanding the 

sustainability of China’s long-term economic growth, despite the fact that China is now 

the second largest economy in the world. This dissertation aims to fill the gap. 

Specifically, this dissertation builds a macroeconometric model with the focus on 

assessing the sustainability of China’s economic performance in the long run. In our 

model, aside from using macroeconomic variables, we incorporate variables that relate to 

the long-term living standards of Chinese people and variables that correspond to 

structural changes in the country. Such a model setup allows one to monitor how these 

factors go hand-in-hand, shaping the future of China’s long-term economic growth. 

There are several reasons for the proposed setup of the macroeconometric model. 

China remains a developing country despite its robust economic performance. Although 

the country is the second largest in the world measured by its GDP level, per-capita GDP 

was at US$3,735 in 2009, far below the average per-capita income level for the world. 

More than 35% of its population continued to live on less than US$2 a day, with heavy 

                                                 
1 Other empirical work set forth to assess China’s future economic prospects include Luo (1999), Chow and 

Li (2002) and Jefferson et al. (2006). 
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concentration (over 30%) in rural areas.
2
 Development outside of cities remains poor. 

Instead of focusing on real GDP growth as a single measure, we also look at the progress 

of living standards of Chinese workers (consumers) throughout the years studied. As its 

economy progresses, the Chinese government is in a better position to reinforce its 

healthcare and education infrastructure, which will benefit the health and knowledge of 

its workers. At the same time, healthier and more knowledgeable workers increase 

productivity in the long run.  

Another factor to be considered in the proposed macroeconometric model is the 

role of environmental stress as an externality under fast pace of economic development. 

Sharp increases in output and the lack of environmental regulations cause severe air and 

water pollution. Although strong output growth might be more important than 

environmental concerns in the short run, it is questionable whether this approach can 

continue in the long run.
3
 China is under increasing pressure from its trading partners to 

impose and enforce environmental regulations.  

This dissertation has six chapters and is organized as follows. In Chapter 2, we 

discuss the factors that shape China into the country it is now. These factors include 

China’s post-1978 reforms, the country’s one-child policy, the government’s step-by-step 

approach, and recent events such as China’s entry in the World Trade Organization and 

the reform in the Chinese financial markets. All these factors are critical in determining 

China’s long-term economic growth trajectory and influence variable selection in a 

                                                 
2 Data on per-capita GDP are collected from the World Economic Outlook of the International Monetary 

Fund, while data on the population living with less than $2 a day are collected from the World Development 

Indicators of the World Bank. 
3 According to the Stern Review, the results of global warming could possibly reduce world GDP by up to 

1%, and in the worst case scenario, per-capita consumption in the world could likely fall 20%. 
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macroeconometric model for China. Chapter 3 provides the literature review that 

motivates the general framework of the proposed macroeconometric model. In Chapter 4, 

we present the details of the model framework and the construction of individual blocks 

in the model. We also discuss the selection of endogenous and explanatory variables for 

the model. In Chapter 5, we discuss the empirical results of using a macroeconometric 

model, and its implications for the sustainability of China’s long-term economic growth. 

We also show the results of a model robustness test. Finally, Chapter 6 concludes the 

study with a summary of key findings and proposed future research topics. 



5 

CHAPTER 2 

CHINA’S ECONOMIC AND SOCIAL REFORMS 

China, in its unique manner and under its own culture, has enabled itself to be a 

competitive force in the global economy. In this chapter, we identify and discuss 

economic and social issues that influence the country’s economic steps. These factors are 

closely related to the selection of variables to be incorporated in the macroeconometric 

model. 

Since the end of the Cultural Revolution in the late 1970s, the Chinese economy 

has been expanding rapidly, one year after another. The pace and the magnitude of the 

country’s economic expansion is one of the most successful contemporary economic 

projects undertaken. Between 1980 and 2010, the Chinese economy registered a 17-fold 

increase in its real GDP figure.
4
 This means that, for the past thirty years, China has 

managed to double the size of its economy every 7-8 years, averaging more than 10% 

growth each year (Figure 2.1). Throughout the years, the country’s economic structure 

has evolved gradually from a centrally-planned, closed economy to a more open and 

market-oriented structure. 

In the past few years, while western economies have struggled to pull themselves 

out of economic contraction, China has successfully navigated its country through the 

global turmoil. Based on IMF estimates, the world economy grew 3.7%, with 1.4 

                                                 
4 This is based on the author’s calculation using real GDP (measured in constant renminbi) collected from 

the World Development Indicators of the World Bank. 
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percentage points of growth coming from China, compared to a 0.5 percentage point 

contribution from the United States.
5
  

Figure 2.1 China’s GDP Performance, 1980-2010 

(Percent change) 

 

 
 

Source: China National Bureau of Statistics 

China is also the world’s largest holder of foreign reserves (well above US$3 

trillion) and has been a major buyer of US treasury securities. The world’s economic and 

financial gravity have shifted to the Asia Pacific region, as China has shown signs in its 

effort to dominate in world economy and have an influential role in the global financial 

market. 

 

                                                 
5 GDP growth rates for the world and individual countries are collected from the World Economic Outlook 

(October 2010) of the International Monetary Fund. The contribution of GDP growth rates from China and 

the United States are based on the author’s calculations using real GDP data from the World Economic 

Outlook database of the International Monetary Fund. 
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2.1 Post-1978 Economic Reforms 

The initiatives to embark on major economic reforms started around 1978, at the 

end of the Cultural Revolution. Prior to 1978, economic activities were frail and 

inefficient, partly due to ineffective planning under the centralized government and partly 

due to a weak labor force following years of war and famine. As such, the structural 

break in the dataset before and after 1978 and a more meaningful dataset after the reform 

years are the main reasons that most literature review on China focuses on post-reform 

years. 

Under the new leadership of Deng Xiaoping after the Cultural Revolution, the 

Chinese government introduced new economic programs, encouraging establishment of 

private business and rural enterprises, liberalizing foreign trade, relaxing price controls, 

and investing in infrastructure to promote a healthier and better educated workforce. 

In rural areas, the Chinese government introduced the household responsibility 

system and the township and village enterprises. Prior to reform, private agricultural 

production was strictly banned, farmers were allowed to work only under the collective 

system. This subsequently led to the Great Chinese Famine in 1959-1961, with a death 

toll of more than 20 million (Peng, 1987). Under the household responsibility system, 

farmers were assigned their own pieces of land. More importantly, they were allowed to 

retain additional crop harvests that they produced above the required state quotas.  

 The second initiative in rural areas was the establishment of township and village 

enterprises (TVEs). Most TVEs were run by farmers themselves, and covered activities 
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ranging from promotion of agricultural technology to general business activities in rural 

areas. Through the TVEs, farmers were able to take advantage of economies of scale in 

production and conduct manufacturing activities during off-season periods. According to 

Naughton (2007), employment in these enterprises rose from 28 million before 1980 to 

more than 130 million in 1996. Net per-capita income of rural households rose from 1.7 

yuan in 1978 to 1473.7 yuan in 2010 in real terms, an 858-fold increase (Table 2.1). 

Table 2.1 Average Annual Net Per-Capita Income of Rural Households, 1978 – 2010 

Year Income/capita 

(constant renminbi) 

1978 1.7 

1980-89 3.6 

1990-99 541.3 

2000-09 959.4 

2010 1473.7 

Source: China Statistical Yearbook, 2010, the China National Bureau of Statistics
6
 

Agricultural activities remain a crucial part of the Chinese economy. In 2010, the 

agricultural sector accounted for 10% of the country’s GDP, and food prices constituted 

one-third of China’s consumer price index basket.
7
 While pushing forward the country’s 

manufacturing output and service sector activities, the Chinese government continues to 

take a strong stance on its pro-agricultural policy to ensure food security and maintain 

independence from other countries’ crop production. Compared to thirty years ago, 

agricultural activities nowadays are less labor-intensive and more equipment-based. 

Observers often criticize Chinese farmers’ current practice of heavy usage of chemical 

fertilizers and pesticides, which lead to water contamination and long-term greenhouse 

                                                 
6 Data on nominal per-capita income of rural households and consumer price inflation in rural areas are 

collected from the China Statistical Yearbook. The adjustment from nominal terms to real terms is based on 

the author’s calculations. 
7 Data on agriculture’s share of GDP and the consumer price index basket are both collected from the China 

National Bureau of Statistics. 
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effects and have proved to be unsustainable. At the moment, China remains a net grain 

importer. Unpredictable weather conditions, the lack of proper storage facilities and 

increases in domestic food demand are all contributing factors to China being a net 

importer of cereals. 

 In 1978, state government agencies held control of all productive assets. The 

government’s initiative to decentralize state-owned enterprises (SOEs) shifted the 

country towards its current state of a robust manufacturing-based economy. Similar to 

reforms seen in rural areas, SOE managers were given more autonomy on decisions 

relating to both fiscal planning and resource allocation. Bonus incentives were offered to 

management and workers under a profit-oriented working environment. The changes in 

these SOEs are the first of the government’s scheme towards a more market-based 

economy. 

 Reforms in SOEs have led to a huge improvement in both the quantity and quality 

of output produced. For the economy as a whole, SOE reforms have diversified the 

country’s economic activities into the more stable and predictable manufacturing sector 

instead of the sole reliance on the agricultural sector, which is often subject to unexpected 

climate changes. The manufacturing sector, alone, accounted for 32% of China’s GDP in 

2010.
8
  

The third part of the economic reform is the government’s initiative to liberalize 

trade relationship with the rest of the world. Known as the “Open Door Policy”, the 

                                                 
8 This is based on the author’s calculation. Data on China’s nominal GDP and its sector breakdown are 

collected from the China National Bureau of Statistics, and are used to compute the manufacturing sector’s 

share in total GDP. 
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Chinese government relaxed its control on both foreign direct investment (FDI) and 

trade. The adoption of the Open Door Policy was executed in gradual steps. Guangdong 

and Fujian provinces, both along the coastal areas, were the first to be picked to practice 

such policy in 1979. In the following year, the Chinese government established four 

special economic zones (SEZs) – Shenzhen, Zhuhai, Shantou and Xiamen. Since then, 

the number of these special zones increased to include 15 free trade zones, 32 state-level 

economic and technological development zones, and 53 high-tech industrial development 

zones.
9
  

China’s trade volume has grown rapidly under the country’s Open Door policy. 

From US$20 billion in 1978, China’s total trade volume soared to US$3 trillion by 2010 

(Figure 2.2).
10

 Since the early 1990s, the country’s export growth has outpaced that of 

imports, benefiting domestic manufacturing activities. 

Similarly, foreign investment floods Chinese markets. Among all developing 

countries, China attracts the largest amount of FDI. The earliest-available data from the 

National Bureau of Statistics show that FDI was less than US$1 billion in 1983. Ten 

years later, FDI increased to more than US$30 billion, and surged to US$96 billion in 

2010. Trade and investment have become major economic drivers for China, 

strengthening China as a production base for manufacturing exports and promoting 

robust urban development, especially along coastal cities. 

  

                                                 
9 Source: China In Brief¸ China Internet Information Center (http://www.china.org.cn/e-china/openingup/) 
10 Trade volume is based on the author’s calculations using sums of Chinese exports and imports, both 

collected from China Customs. 
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Figure 2.2 China’s Trade with the Rest of the World, 1980-2010 

(Billions of US dollars) 

 

 
 

Source: China Customs 

A surge in trade activities and steady investment inflows have supported robust 

urban development, especially along coastal regions. From a closed economy thirty years 

ago, China has transformed to be the second largest trading partner in the world, 

measured in US dollar units of total trade volume.
11

 The country’s openness, measured as 

trade volume as a percent of GDP, rose from 10% before the reform to 52% in 2010.
12

 

Millions of job opportunities are created in China, both directly linked to trade and 

indirectly to manufacturing activity and in support-type sectors. Feenstra and Hong 

(2007) estimated that, between 1997 and 2002, export growth contribute to about 2.5 

                                                 
11 The ranking of each country’s trade volume in the world is calculated based on data from Direction of 

Trade database of the International Monetary Fund.  
12 Data on China’s nominal GDP, exports and imports (all in US dollars) are collected from the World 

Economic Outlook database of the International Monetary Fund. Trade volume is calculated as the sum of 

exports and imports.  



12 

million jobs per year, with more significant employment increases in non-traded goods, 

such as construction. 

It should be noted that, for all these economic reforms, the Chinese government 

executed them at a gradual pace that it deemed suitable. For example, reforms of state-

owned enterprises took more than twenty years to complete. Similarly, the government 

introduced special trade zones, a few at a time, to ensure the availability of infrastructure 

to support the policy changes. From the Chinese government’s perspective, the top 

priority was (and will continue to be) the maintenance economic and social stability. 

 

2.2 The Emphasis of Economic and Social Stability 

The main goal for the Chinese government is to maintain economic and social 

stability, which explains the government’s inclination to take policy changes one step at a 

time. The Chinese government will likely maintain the same approach when navigating 

its ways forward, to minimize unexpected disruptions to economic activities and social 

development. In this section, we discuss what drives the country’s emphasis on economic 

and social stability, and how it will shape policy decision making in the long run. 

The strong emphasis of stability in Chinese culture stemmed from the hardship 

that China and its people suffered for more than two thousand years. The Republic of 

China was established on January 1, 1912, and was replaced by the People’s Republic of 

China (PRC) on October 1, 1949. Prior to that, China went through more than 20 dynasty 

changes (since 200 BC). Each dynasty change came with years of wars, resulting in 
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significant loss of lives and disruption in human activities. China was also constantly 

under external threat at its northern borders during the imperial reigns.  

Endless years of continuous wars, famine and natural disasters weakened China to 

the point where no self-defense was possible. The Sino-Japanese War (part of World War 

II) started in 1937 and continued until 1945. Historians estimated that, during the eight 

years of war, 3.2 million soldiers and 9.1 million civilians were killed, with another 8.4 

million non-military casualties (Ho, 1959). After the Sino-Japanese War ended, China 

plunged into the Civil War, which was caused by the power struggle between the 

Nationalist Party (Kuomintang, KMT) and the Chinese Communist Party (CCP). Millions 

of lives were lost during the Civil War, many of which were young males enlisted in the 

troops.  

Disunity continued through the 1960s. Mao’s Great Leap Forward (1958-1961) to 

rapidly transform the country failed, with the resulting widespread famine killing millions 

of people. The catastrophic turn of events was followed by a violent mass movement 

during the Cultural Revolution in the late 1960s. During those years, all productive 

economic activities were disrupted. The railroad system, which was the main 

transportation infrastructure at that time, was destroyed completely. The government’s 

financial burden increased significantly, since its spending to support the Red Guards 

rose. The education system was frail. Intellectuals were hunted during the Cultural 

Revolution, and were either killed or sent to labor camps in remote parts of the country. 

After the Cultural Revolution, China was left with a disproportionately huge population 
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of under-educated citizens, making illiteracy a major problem for the country. To make 

matters worse, very few qualified teachers were available to help resolve the problem. 

After going through the economic contraction, the significant loss of lives, the 

social chaos and the emotional turmoil, China suffered through several years of setback 

in terms of development. When Deng Xiaoping stepped into leadership, his ideology was 

to push economic reforms forward, but at a gradual pace that was fit for the country and 

its people. This step-by-step approach was to give individuals and businesses time to 

adjust and to minimize the possibility of disruption to economic and social stability. In 

later reforms by Deng’s successors, the gradual approach in the Chinese way remained a 

critical factor for the Chinese government. This belief is reinforced after China observed 

its neighboring post-Soviet states going through a shock therapy in their economic 

transitions.  

This Chinese approach has been more successful than observers expected. Despite 

pressure from its trading partners to escalate policy changes, the country remains 

committed to its own approach. The Chinese government will likely continue to maintain 

this approach while pushing forward the country’s economic agenda in the long run.  

 

2.3 China’s Population Size and Population-Control Policy 

Based on the latest World Bank estimates, China’s population was at 1.3 billion in 

2010, accounting for one-fifth of the world’s population, followed by India (1.2 billion) 

and the United States (307 billion). 
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As the world’s most populous country, China has a competitive advantage of a 

huge pool of inexpensive labor. China also represents a huge consumer market with 

enormous growth potential for companies outside of China. 

One unique characteristic that shapes China’s demographic pattern is the 

country’s one-child policy, where each household is allowed to have only one child in the 

family. The Chinese government has been upholding this policy for more than thirty 

years. Although, at the beginning, the country benefited from slower population growth, 

the negative impact of an aging population (Kaneda, 2006) and gender tension (Das 

Gupta et al., 2010) will soon catch up. The dominance of the country’s one-child policy 

will ultimately have a role in influencing the sustainability of the country’s long-term 

economic growth. In this section, we present the role of China’s population dynamics on 

the country’s long-term economic trajectory. 

China experienced a huge population boom during the late 1940s to 1960s. In 

response to Mao Zedong’s emphasis of self-sufficiency and his idea of “the more people, 

the stronger we are”; the country’s fertility rate increased significantly at that time. After 

the Cultural Revolution, the government was concerned about the issue of overpopulation 

and the possibility of recurring mass starvation, which would not work well with the 

government’s agenda for maintaining economic and social stability. As a result, by the 

early 1970s, the government institutionalized the one-child policy. Since then, this policy 

has become one of the most fundamental and strictly-enforced policies in the country.
13

 

                                                 
13 However, citizens have used “tricks” to avoid strict compliance with the one-child policy. 
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The initial economic outcome of the one-child policy was successful. The 

country’s fertility rate fell substantially as soon as the policy was implemented. From 

5.8% before the policy was implemented, the country’s fertility rate fell to 1.8% in 

2009.
14

 This is below the replacement rate at 2.1 births per woman to maintain zero 

population growth. At the beginning of the policy implementation, a decline in births 

allowed the country to build up a demographic dividend. Based on estimates from the 

China National Population and Family Planning Commission, the decline in fertility rate 

added 1.3 – 2.0 percentage points to annual per-capita GDP growth between 1978 and 

1997. It also added 0.8 - 1.5 percentage points to labor productivity and 1.7 - 3.0 

percentage points to per-capita spending. All these figures pointed to an early economic 

success of the one-child policy, which foreshadowed the financial and social burden to 

come. 

An aging Chinese population has become an alarming issue among demographers 

and economy watchers. In 2009, the country’s population at age 65-plus corresponded to 

more than 8% of the total population (Figure 2.3). It is projected to rise further in the 

long-term, as China continues to uphold the one-child policy and life expectancy 

improves for the general population.  

The China National Population and Family Planning Commission projects that the 

elderly population will rise to about 20% of the country’s total population by 2015.
15

 The 

financial burden of an older China has emerged in recent years, in spite of restraints on 

births and improved health standards, and will likely escalate in the years ahead. 

                                                 
14 Data are collected from the World Development Indicators of the World Bank.  
15 Elderly population refers to the population aged 65 and above. 
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Figure 2.3 China’s Aging Population, 1960-2009 

(Population aged 65 plus) 

 

 
 

Source: World Development Indicators, World Bank 

Aside from an aging population, China also faces social tension due to the 

distorted gender ratio. Based on estimates from the China National Bureau of Statistics, 

the ratio was at 122 boys, between the ages of 0-4, to 100 girls of the same age group in 

2009 (Figure 2.4). This means that, each year, there are five million more boys, between 

the ages of 0-4, than girls. The issue of gender ratio distortion is worse in rural areas than 

in cities. Rural households have a strong preference for sons, mainly for economic 

reasons, since males are more suitable for working in the farm and caring for their elderly 

parents. Demographers warn about the issue of rising social tension due to the problem of 

marriage squeeze, where it becomes increasingly difficult for Chinese males to find 

wives. According to estimates from Edlund et al. (2007), the distorted gender ratio has a 

significant impact on crime rates. 
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Despite criticism that the one-child policy is not sustainable in the long run, the 

Chinese government remains committed to upholding this policy. As indicated, China’s 

population size and the government’s decision on future demographic policies may have 

a negative impact on the country’s long-term economic development.  

Figure 2.4 China’s Gender Ratio, 1989-2009 

(Ratio of Boys to Girls in the Age Group of 0-4) 

 

 
 

Source: China National Bureau of Statistics 

 

2.4 The Chinese Economy in Recent Years 

In this section, we discuss factors in recent years that play a critical role in 

shaping China’s economic success. These factors demonstrate China’s increasing 

interaction and interdependence with the rest of the world. Changes in these factors will 

have an impact on growth and future development for China.  
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Low production costs in China, driven by the country’s abundant supply of 

inexpensive workforce, are important to the country’s robust manufacturing activities and 

economic success in recent years. The country’s significantly lower wage rates in 

comparison to developed world have become its distinctive competitive advantage 

against that of its trading partners.  

The country’s success as a desired base for production activities for many 

international companies has spilled into technological advancement and steady FDI 

inflows, and has translated into millions of job opportunities for workers, in 

manufacturing or in related supporting activities.  

Currently, China holds the largest number of manufacturing workers in the world 

(Lett and Banister, 2009). Migrant workers from rural areas have formed a crucial part of 

this manufacturing workforce. Reports of a labor shortage issue, however, have started 

surfacing in parts of the country for the past few years. Compared to ten years ago, where 

Chinese wages in the manufacturing sector were 40 times lower than those of the United 

States, the discrepancy between Chinese and US wages has shrunk to a difference of 15 

to 1.
16

  

Although the wage increase is moderate for the time being, China should be 

cautious not to lose this comparative advantage to neighboring Asia Pacific countries, 

such as Indonesia, Malaysia and Vietnam. Output in the secondary sector remains a 

major component of China’s GDP figures. Table 2.2 shows the distribution of real GDP 

                                                 
16 The wage differential between China and US is based on the author’s calculation. Data on Chinese wages 

in the manufacturing sector are collected from the China National Bureau of Statistics, while data on US 

wages in the manufacturing sector are collected from the US Bureau of Labor Statistics. 
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components. In 2010, the industry sector (mainly manufacturing) accounted for 40% of 

the country’s output.
17

  

Table 2.2 Industrial Composition of China’s Real Gross Domestic Product, 1980-

2010 

(Trillions of 2000 yuan and percentage share of GDP) 

 GDP 
Primary  

Sector 

Secondary 

Sector: 

Industry  

Secondary 

Sector: 

Construction  

Tertiary  

Sector 

1980 1.5 0.6 (30%) 0.4 (44%) 0.1 (4%) 0.5 (22%) 

1990 3.7 1.0 (27%) 1.1 (37%) 0.2 (5%) 1.5 (32%) 

2000 9.9 1.5 (15%) 4.0 (40%) 0.6 (6%) 3.9 (39%) 

2010 28.4 2.5 (10%) 12.3 (40%) 1.8 (7%) 11.8 (43%) 

Source: China National Bureau of Statistics 

In response to rising wage pressure in the manufacturing sector, the Chinese 

government has laid out two tactics to ensure continued success in the manufacturing 

sector. First, it encourages businesses to migrate work facilities away from the crowded 

cities into the interior parts of China. Second, the government sets forth to shift the mix 

of manufacturing exports to more value-added, high-end products. Wang and Wei (2008) 

found that Chinese government policies in the form of tax-favored high-tech zones are 

critical in explaining the country’s evolving export mix.  

Joining the World Trade Organization (WTO) is an important event in China’s 

development. Under Deng’s economic reform, China already opened its door to bilateral 

trade and foreign capital inflows, giving Chinese businesses and workers the opportunity 

of wealth creation.  

                                                 
17 The industry sector in the Chinese economy includes both manufacturing and mining activities. The 

China National Bureau of Statistics does not routinely release the composition of industries. Its latest 

available breakdown information is for 2008, when the manufacturing sector accounted for 79% of the 

industry sector, while the mining sector accounted for the remaining 21%.  
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The Chinese government, however, understood the importance to be accepted as 

an integral part of the global economic community, and therefore pursued for years to 

join the WTO before being accepted in 2000 (Farah, 2006).  

In becoming a WTO member, the Chinese government agreed to provide a 

broader market access to foreign companies. This, in particular, referred to the Chinese 

service sector, such as banking, telecommunications, distribution and legal services, 

which were previously closed for foreign participation. For example, since China joined 

the WTO, communication infrastructure has improved significantly, in both cities and 

rural areas. The WTO membership has opened doors to China’s wireless communication 

network. Prior to China’s entry into the WTO, the number of mobile phone subscribers 

totaled fewer than 70 million.
18

 By 2010, the number of mobile phone subscribers rose to 

about 850 million, averaging 25% growth each year. Such robust improvement was also 

seen in other service sectors. 

In exchange, the WTO membership opens up the world economy for Chinese 

exports, which is a positive force for China’s economic development. China is now the 

world’s largest exporter.
19

 One example to illustrate the strength of Chinese exports in the 

world market would be the exports of the country’s clothing and footwear. For years, 

China was subject to the global textile quota, which capped the export volume of its 

clothing and accessories. As soon as the quota system came to an end in January 2005, 

Chinese textile products flooded into the United States and European markets (Figure 

                                                 
18 Data for mobile phone subscription are collected from the China Ministry of Industry and Information 

Technology. 
19 The comparison of countries’ volume of exports is based on data from the Direction of Trade database of 

the International Monetary Fund.  
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2.5). In months to follow, both the United States and the European Union established 

their own forms of import quotas on Chinese exports. Nevertheless, China has become a 

major supplier of clothing and other manufactured goods in the world market.  

Figure 2.5 China’s Exports of Textile Products 

(Billions of US dollars, not seasonally adjusted) 

 

 
 

Source: China Customs 

Trade-related activities have unquestionably become dominant forces behind 

China’s economic momentum. There are, however, concerns about the country’s reliance 

on export-oriented growth strategies, and whether such a growth model could be 

sustained in the long run. Guo and N’Diaye (2009) suggested the need for changing 

export composition and increasing value-added exports.  

Aside from a direct impact through trade, the benefits of China’s entry into the 

WTO are also visible in the country’s urban development. Major cities such as Beijing, 



23 

Shanghai and Guangzhou underwent rapid construction booms, with skyscrapers in 

commercial areas and high-end housing in residential neighborhoods. Another significant 

milestone of urban development is the government’s plan to improve and modernize the 

country’s railway infrastructure. A railroad construction project that started in 2004 has 

consumed more than US$300 billion, and is expected to continue until 2020 (Powell, 

2009). This new railway system is expected to connect all provincial capitals and other 

major cities. During the Olympic Games in 2008, China managed to display its high-

speed magnetic train (part of the railroad construction project), a symbol of a new era of 

transportation infrastructure in China.  

The WTO membership serves more than a symbol of China’s entering the world 

market. Chinese businesses benefit from technology transfers when working with their 

western partners. China’s entry into the WTO also speeds up urban development, deepens 

the country’s infrastructure setup and promotes adoption of new technology. All these 

factors, together, contribute to China’s long-term economic trajectory. 

Foreign direct investment is an integral part of China’s economic development 

and institutional reform. In 2010, FDI inflows totaled more than US$105 billion (Figure 

2.6), averaging a 19% annual increase in the past twenty years. 

Foreign capital has a crucial role in strengthening China’s industrial base and 

supporting ongoing job opportunities. Foreign capital also increases China’s domestic 

value-added, including the success in industries such as automobile, pharmaceutical and 

information technology (IT). To name a few, foreign-owned enterprises (FOEs) include 

Japanese automakers such as Toyota and Honda, IT key players like Microsoft, Google, 
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IBM and Intel, and pharmaceutical powerhouses like Merck, Pflizer and Wyeth. The 

physical presence of these FOEs is particularly important as it guarantees more foreign 

investment in the years ahead, and they are the primary contributors to the country’s 

large-scale capital- and technology-intensive projects (Cheng and Wu, 2001). 

Figure 2.6 Foreign Direct Investment in China, 1983-2010 

(Billions of US dollars) 

 

 
 

Source: China National Bureau of Statistics 

Very often, FOEs establish training programs for their employees, where 

management is taught to be more efficient in operations, and workers are taught how to 

use the latest technology in their work environment. This is a drastic change for Chinese 

companies, which were previously protected from any forms of competition, but are now 

forced to be profit-oriented and resource-efficient.  
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The positive spillover in education and scientific research from FOEs on overall 

economic development in China cannot be underestimated. In the post-Revolution years, 

Chinese teachers lacked expertise to teach students the latest curriculum on subjects such 

as economics and science. The knowledge base and initiatives to promote scientific 

research and innovation brought by these FOEs fill this education void.  

Foreign direct investment also plays a vital role in supporting the country’s real 

estate market development. Based on estimates from China’s Ministry of Commerce, FDI 

contributes to about one-fifth of investment in real estate in recent years. In 2010, FDI in 

real estate totaled more than US$20 billion, the highest ever since this data series was 

introduced. This figure, however, does not include foreigners’ direct purchases of 

existing real estate properties, meaning that the actual investment in real estate activities 

funded by foreigners is even higher.  

Real estate prices, especially residential real estate, have soared at record paces. 

Average residential real estate prices have risen by an average 10% each year since 

2006.
20

 Price escalation is higher in major cities along the coastal regions. The Chinese 

government is concerned about a possible real estate market bubble, and even worse, the 

threat to economic stability if the bubble bursts. In 2006, the government introduced 

tighter controls in the real estate market to limit foreigners’ participation and to curb 

speculative activities. Since then, the government has retracted slightly from some of its 

control policies, in response to the global economic downturn.  

                                                 
20 Data on residential real estate prices are collected from the China National Bureau of Statistics. 
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China’s robust manufacturing activities translate to the country’s strong demand 

for raw materials. Although China has broadened its investment and trade ties with 

resource-endowed countries, raw material shortage remains a serious production 

problem.  

Power shortages are an increasingly severe problem in China, especially during 

the summer peak usage period. Since 1992, China’s annual energy consumption has 

surpassed domestic production. The gap between the two continues to widen over the 

years (Figure 2.7). In the summer 2010, more than two-thirds of Chinese energy sources 

and uses suffered from power outage.  

Figure 2.7 China’s Energy Demand and Supply, 1980-2010 

(Millions of tons) 

 

 
 

Source: China National Bureau of Statistics 
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China has been boosting production capacity in the energy sector by more than 

10% on an annual basis, but consumption continues to grow faster than domestic 

production.
21

 Aside from relying on domestic production, China also seeks to secure 

energy resources abroad (as discussed earlier). Indeed, China is now the world’s largest 

consumer of coal and the second largest consumer of electricity and oil. The country’s 

significant energy usage has caused severe environmental stress.  

While the immediate goal for China is to increase output, environmental stress 

has become a secondary issue. However, it is questionable whether such a growth model 

will continue to work in the long run.  

 

2.5 Financial Markets 

By the end of 2010, China’s foreign reserves totaled more than US$3 trillion.
22

 

Since 2006, China has surpassed Japan to become the world’s largest foreign reserve 

holder (Figure 2.8). Steady monthly trade surpluses and continued FDI inflows have 

allowed China to accumulate record high levels of foreign reserves. Since 2007, China’s 

foreign reserves have increased by more than US$445 billion each year. In this section, 

we discuss how China’s strong financial position enables the country to realize economic 

success. 

                                                 
21 Data on China’s production capacity in the energy sector are collected from the China National Bureau 

of Statistics. 
22 Data on China’s foreign reserves are collected from the People’s Bank of China. 
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China is one of the world’s biggest buyers of US treasury bonds, holding US$1.2 

trillion of US government securities (accounting for one-fourth of the world’s holding of 

US treasuries).
23

 With its solid balance sheet figures, China diversifies its holding in 

other currencies and has evolved to be a major player in the global financial market. 

Market watchers monitor closely every step the Chinese government takes in its financial 

transactions.  

Figure 2.8 Foreign Reserves, China vs. Japan
24

 

(Billions of US dollars) 

 

 
 

Source: People’s Bank of China, and Japan Ministry of Finance 

A strong financial position gives China freedom to choose the type of investment 

vehicles that it sees fit for the country’s economic development. The Chinese government 

                                                 
23 Data on individual countries’ holding of US treasuries are collected from the US Department of 

Treasury.  
24 Japan’s financial position might weaken in the near term, in the wake of disastrous earthquake and 

tsunami in March 2011. 
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has consistently used its large currency reserves to acquire investment abroad. A large 

part of the initial attempt was to acquire well-known US brand names. While in the case 

of IBM/Lenovo, such strategy turned out to be fruitful, but in the case of other investment 

opportunities, such as Unocal, the US legislative body was not ready to allow Chinese 

ownership of a strategic energy source.  

China gradually diversified its investment strategy, focusing on investment 

opportunities globally. For example, Haier, a Chinese home appliance company that 

withdrew its bid on Maytag due to political backlash, invested US$40 million in R&D 

facilities in Israel in 2008. For its energy needs, China acquired ownership in oil 

companies in Canada, Russia, Latin America and Africa. 

Figure 2.9 China’s Trade Relationship with Africa, 1984-2010 

(Billions of US dollars) 

 

 
 

Source: China Customs 
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China also strengthened its relationship with African nations, which are known 

for their supplies of raw materials. China’s imports from African countries include oil 

from West Africa, cocoa from Ghana, copper from Zambia, tobacco crops from 

Zimbabwe, and many other materials (Seddon, 2006). China’s imports from Africa have 

increased 100-fold from twenty years ago (Figure 2.9). In exchange, China assists these 

African nations with infrastructure setup, including railroads, electric grids and 

telecommunication networks. This dualism has been important for China’s rise among 

leading countries. 

Since China deepens its trade ties and financial linkages with the world 

community, the country’s monetary policy and financial markets have undergone 

significant changes. These changes, in turn, contribute to the country’s economic 

progress. 

In monetary policy, two most noticeable changes that occurred during the past 

several years are the central bank’s decision to ease control of the Chinese renminbi and 

the increased use of interest rates as a financial instrument to influence short-term 

economic dynamics. 

 In 2005, the People’s Bank of China (PBC) abolished its decade-long control of 

the exchange value for the Chinese renminbi, when the latter was pegged at 8.3 yuan per 

US dollar. When the peg was removed, the renminbi was allowed to float as a managed 

exchange rate against a basket of currencies. In particular, the Chinese yuan-US dollar 

was given a floating band width of 0.5%. During the global economic downturn, the 

PBC maintained the exchange rate largely unchanged, at 6.8 yuan per dollar, to support 
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Chinese exports in foreign markets. The renminbi currently trades near 6.6 yuan per US 

dollar, corresponding to a 26% appreciation of the renminbi against the US dollar since 

2005 (Figure 2.10).  

Figure 2.10 China’s Exchange Rate, July 2005-March 2011 

(Chinese yuan per US dollar) 

 

 
 

Source: People’s Bank of China 

It should be noted that, throughout the past six years, the Chinese government has 

followed a step-by-step approach in the currency reform process. Despite an ongoing 

pressure from its trading partners to ease the exchange rate control further, the Chinese 

government monitors the appreciation of the renminbi closely, to minimize abrupt 

disruption to financial market activities and to sustain economic stability. Major trading 

partners, such as the US and Europe, are considering legislative ways of putting pressure 

on the Chinese government for further appreciation of the renminbi. The practical extent 
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of these legislative steps is difficult to predict. However, the pressure from the major 

trading partners will continue as long as the trade imbalance remains. 

In recent years, the PBC takes interest rates as an active financial instrument in 

conducting the country’s monetary policy. Prior to that, it rarely moved the interest rates, 

relying instead mostly on fiscal instruments or providing output targets to state-owned 

enterprises. However, as China’s market structure changes and its economy becomes 

increasingly open, so does the PBC’s approach to conducting monetary policy.  

In the latest tightening cycle, within a few months, the PBC already hiked interest 

rates several times (Figure 2.11). Such frequent monetary actions were uncommon. The 

PBC also continues to announce its annual target for money supply growth at the 

beginning of each year, to signal to the public its near-term monetary directions.  

Similar to central banks in industrial economies, the PBC monitors closely 

inflation signs in the economy. Unlike the US Federal Reserve and the European Central 

Bank, the PBC does not explicitly focus on inflation- or price-level targeting, and 

therefore does not announce the range of acceptable levels of inflation (Zhang, 2007). 

However, it is believed that a 2-3% annual increase in prices (often measured by total 

CPI) is considered acceptable by the PBC. Economic stability is also an important factor 

for the PBC. The PBC is cautious about how interest rate changes might affect the 

economy’s capacity to absorb workers in the system. 
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Figure 2.11 China’s One-Year Lending Rate 

(Percent) 

 

 
 

Source: People’s Bank of China 

Aside from conducting monetary policy, the PBC also pushes forward reforms in 

the banking sector. For many years after the Cultural Revolution, the main objective for 

the existence of state banks was to provide accessible funds to state-owned enterprises 

(SOEs), including loans with low interest rates, and flexibility in delays of principal 

repayments. Over time, SOEs accumulated so many bank loans that they were no longer 

able to repay. By the late 1990s, non-performing loans accounted for about one-fourth of 

state banks’ total loan amount.
25

 The financial burden imposed a huge threat to the 

country’s financial system, especially a concern since China opened the banking industry 

to foreign banks after its accession into WTO.  

                                                 
25 Data on China’s non-performing loans are collected from China Banking Regulatory Commission. 
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In recent years, the government has worked towards commercializing the banking 

sector’s interests, i.e., switching state bank objectives from assisting SOEs and serving 

the government to maximizing profits. Still, domestic banks continue to lag in 

competitiveness compared to their Japanese or western counterparts. The main concern is 

the spillover of high credit risks in Chinese financial markets and the inability of state 

banks to link lending decisions with profitability (Podpiera, 2006).  

The Shanghai and Shenzhen are two stock exchanges in China, with the former’s 

market capitalization being the fifth largest in the world as of December 2010. In 2006 - 

2007, Chinese stock prices, measured by the Shanghai Composite Stock Index, tripled 

their values (Figure 2.12). Despite the impressive gains, the Chinese stock market 

performance remains volatile. Trading activities in the Chinese stock market also lack the 

breadth and depth of operations.  

From the Chinese economy’s perspective, the stock market boom might not be as 

favorable as it seems. The concern is based on the fact that the Chinese stock market 

operations are far from mature, lagging in terms of technology, transparency, liquidity, 

and overall sophistication in operations. In addition, many activities are either speculative 

or short-term trades, which add to the volatility in stock prices. The possibility of a sharp 

downturn in stock prices imposes significant downside risks in upsetting consumer and 

business spending. Therefore, the PBC monitors closely risks of the buildup of a stock 

market bubble.  
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Figure 2.12 Shanghai Composite Stock Index 

(Index) 

 

 
 

Source: Yahoo! Finance (http://finance.yahoo.com/q/hp?s=000001.SS) 

The Chinese financial markets have undergone significant changes and reforms in 

the past several years. These changes include exchange rate reform, monetary policy 

changes and structural banking sector reforms. Compared to financial markets in 

industrial economies, China’s financial markets are far from mature. In years ahead, these 

reforms shall continue forward. The development of China’s financial market should be 

closely monitored when one examines the country’s economic outlook. 
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In sum, different factors over the past 30-40 years have shaped China into the 

country it is now, from both economic and social perspectives. As Perkins (2006) pointed 

out, China’s decline from prosperity in the 13
th

 century to poverty in the late 1960s was 

due partly to destructive invasions and partly to civil wars that made it impossible for any 

platform for economic growth and development of technology. Under the leadership of 

Mao, mistakes in economic policy and Mao’s desire to reform Chinese values drove 

China into two decades of economic and social chaos. Perkins elaborated that the 

improvement in China’s per-capita economic growth was driven by post-1978 reforms.  

As a result of these reforms, the Chinese government was able to establish 

institutions that promote private consumption, investment, education and healthcare. The 

reforms also moved China towards a market-oriented economy, opened door to foreign 

trade and investment, and enabled Chinese entrepreneurs to learn and apply advanced 

technology and know-how from its trading partners. In 2009, China accounted for 8.6% 

of world GDP, 9.7% of total world exports and one-fifth of the world’s population.
26

 

China’s lower wage rates relative to those in the western world are a key factor in 

explaining the robustness of the Chinese manufacturing sector, and the success of 

Chinese exports. Since joining the WTO in 2000, China continues to rise as a trading 

power in the world. The country’s interdependence with the rest of the world could be 

seen in light of foreign capital and western expertise brought into China. In the near term, 

raw materials shortage could be a bottleneck for China’s uninterrupted business activities, 

                                                 
26 Data for GDP are collected from the World Economic Outlook database of the International Monetary 

Fund, while data on exports are from the Direction of Trade Statistics database of the IMF. Population data 

are collected from the World Development Indicators of the World Bank. 
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pushing world prices of commodities and other raw materials higher, which will affect 

other economies as well.  

China’s financial markets have undergone considerable change by in improving 

efficiency, in tandem with economic reforms; such efforts are expected to continue in the 

medium term. The value of the Chinese renminbi in the foreign exchange market remains 

one of the most debated topics among governments and economists. Although its strong 

financial position has enabled China to weather the global economic crisis, the 

international community is more concerned about the global imbalances, led by China’s 

huge foreign reserves measured in trillions of dollars. 

China’s one-child policy and emphasis on economic and social stability not only 

highlight some of the fundamental difference between the Chinese political ideologies 

and those of the western world, but impact the country’s long-term economic outlook.  

The above-mentioned factors all contribute to China’s economic development, 

and will continue so in the future. When one evaluates China’s economic development 

from the empirical standpoint, the aforementioned factors should be taken into 

consideration in designing a modeling framework. 
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CHAPTER 3 

LITERATURE REVIEW 

This chapter describes relevant literature on the topic of factors contributing to 

long-term economic growth. It also provides description of the estimation methods used 

in building the methodology of this dissertation. 

Many scholars throughout history have made attempts to identify ingredients that 

contribute to sustainability of long-term economic growth. Hypotheses in these studies 

vary greatly in terms of factors that they are based on and also in long term implications 

of relationship they have had for different countries. It is clear, however, that there is no 

single indicator or approach that can do the necessary work by itself. At any point in 

time, there are always a set of factors combined with economic policy that could be 

statistically linked to economic expansion or contraction.  

While economic literature covers various social and economic indicators that are 

linked to sustained economic growth, the most commonly analyzed factors include, 

among others: openness to trade, advancement of legal institutions, technological 

progress, infrastructure, development aid, geography, and natural resources. In analysis, 

different combinations of these factors are usually examined.  
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The objective of this chapter is two-fold: 

 To review relevant literature and identify research papers that highlight economic 

and social factors that have proven to be reasons not just for sustained long-term 

economic growth, but also for activities that inevitably go hand-in-hand with 

economic growth, such as wealth creation and poverty reduction; 

 To look at research papers and models that utilize the same econometric 

approaches as used in this dissertation – principal component analysis and two-

stage least squares methodology. 

 

3.1 Factors Contributing to Long-Term Economic Growth 

Starting from Adam Smith’s Wealth of Nations (1776), international trade has 

probably been viewed as the most important factor for sustainable economic growth as it 

encourages specialization and division of labor, which in turn has been considered as a 

locomotive of human development. One of the key findings of Adam Smith’s work is 

that division of labor will increase output per person and lead to wealth creation. 

Increased specialization will gradually force the market to specialize in areas and 

industries where they have a competitive advantage, which will lead to a rise in living 

standards in these areas. As stated earlier, even in Smith’s argument, division of labor is 

possible only in countries with strong institutions, effective property rights and 

transaction transparencies.  
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Robert Solow (1957) showed that, for analyzing long-term economic growth, a 

consideration of factors on both capital accumulation and technological progress is 

needed. He emphasizes saving and investment in capital accumulation as the most 

important factor for long-term economic growth. The key message behind his argument 

for capital accumulation in long-term economic growth is that saving throughout the 

economy will gradually push into productive investment opportunities. In other words, 

Solow’s approach is that a gradual increase in capital per person will lead to higher living 

standards in society and to a higher output per person. However, the saving rate does not 

provide a rise in the long-term rate of growth of output per capita. In Solow’s model, 

capital accumulation by itself cannot explain long-term economic growth (i.e. does not 

produce sustained economic growth in the long term).  

In Solow’s model, to achieve long-term economic growth, some forms of 

technology improvements or increases in labor productivity are needed. In his work, 

technological progress and labor productivity increase are both introduced as exogenous 

factors. While looking at the economic performance of the US between 1909 and 1949, 

Solow found that almost 90% of growth in the US economy was due to technological 

changes and productivity factors, and only slightly more than 10% was due to capital 

accumulation.  

Applying the major findings of Solow’s model to China, one should question the 

long-term prospects of the Chinese economy, unless technology improves or labor 

productivity increases, while China’s saving rate has been extremely high due to Chinese 

households’ cultural upbringing. This high saving rate by itself will lead to capital 



41 

accumulation but not necessarily in technological improvement and improvement in labor 

productivity in the long-term.  

In the 1990s, the renewed interest in studying economic growth turned to 

examining endogenous growth factors. Romer (1990), Grossman and Helpman (1990, 

1994), and Aghion and Howitt (1992) initiated the work on innovation-based endogenous 

growth theory. The main findings of their work are that technological progress arises as 

profit-maximizing firms intentionally choose to invest resources in R&D, unlike Solow’s 

work where technological changes are classified as exogenous. Attention has since been 

shifted to the central role of new ideas and knowledge in driving and sustaining economic 

growth. The concept of a knowledge-based economy redefines the way economists look 

at growth. First, knowledge is non-rival, and is subject to increasing returns to scale; the 

same knowledge can be used by many people at the same time without one person 

depleting such knowledge from another person. The establishment of intellectual 

property rights, through patents, trademarks and copyright laws, is critical for continued 

innovation, giving inventors the rights to exclude others from taking the benefits of their 

ideas. It is also argued that firms’ decisions on R&D investment are self-sustaining in 

nature – when businesses expected stronger growth prospects, they are likely to invest 

more in R&D, and in turn support and sustain continued economic growth (Evans et al., 

1996). 

 While, under the traditional growth theory, cross-country growth differences are 

explained by the country’s endowment of resources and market efficiency, the new view 

of growth means that knowledge spillovers are a factor to consider in determining a 
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country’s growth prospects. Jaffe (1998), Keller (2001), MacGarvie (2005) looked at 

various channels of international knowledge flows, ranging from imports, foreign direct 

investment, to patent citations. Keller estimated that, between 1983 and 1995, technology 

diffusion from G5 countries contributed to 90% of R&D investment in nine other OECD 

countries, and even more in less developed countries.
27

 Similar research studies focusing 

solely on China confirmed the importance of technological diffusion in pushing China’s 

growth trajectory forward (Wang, 2006; Xu et al., 2007; and Li, 2009). Nelson and Pack 

(1999) pointed out that it was not just the introduction of technology, but also the ability 

to absorb these technologies that drove rapid economic growth in East and South Asia. 

As Nelson and Pack stressed, such absorption required policies that promote the 

development of an educated workforce which can learn to use and apply new 

technologies, and an industrial structure that enables the workforce to deploy these 

technologies. 

Looking at the composition of Chinese exports over the last two decades, one 

should notice that China has moved up significantly in terms of sophistication of goods 

that it produces. For the past twenty years, basic manufactured goods, toys and other low 

value-added products represented the bulk of Chinese exports. In recent years, China 

started producing and exporting electronics, automobiles, mobile technological devices 

and many other high technology goods. As shown in Table 3.1, in 2010, Chinese auto 

production exceeded that of all major world producers. Thus, China’s auto production 

accounted for 23% of the world total, and its growth rate was 6 percentage points above 

the world average. Most global high-technology companies (Siemens, Cisco, Apple, 

                                                 
27 The G5 countries are France, Germany Japan, UK and US, while the nine other OECD countries are 

Australia, Canada, Denmark, Finland, Italy, the Netherlands, Norway, Spain, and Sweden. 
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Nokia, etc.) have production facilities in China and the goods produced at these facilities 

are exported around the world. The technology transfer is taking place and Chinese 

companies have started already to compete on the global scale. 

Table 3.1 Automobile Production, by Top 10 Countries, 2010 

Country 

Auto Production 

(millions) 

% change from a 

year ago 

China 18.3 32% 

Japan 9.6 21% 

United States 7.8 35% 

Germany 5.9 13% 

South Korea 4.3 22% 

Brazil 3.6 15% 

India 3.5 34% 

Spain 2.4 10% 

Mexico 2.3 50% 

France 2.2 9% 

   World 77.6 26% 

Source: Organisation Internationale des Constructeurs d’Automobiles 

One of the obvious indicators to track the ability of a country to innovate is the 

number of patents issued, keeping in mind that all patents are not equally significant. 

United States was a global leader in this category for decades, but is recently surpassed 

by Taiwan and Japan in a per-capita count (Figure 3.1). While US, Taiwan and Japan are 

likely to remain leaders in that category in the medium term, China has gradually 

improved its standing over the years. From 195 patents in 2000, China received 1,655 

patents in 2009 in the United States, which translates to 1.2 patents per million 

population.
28

 

                                                 
28 China had 2,657 patents in the United States in 2010. Data on population for 2010 is not yet available. If 

we assume the same population growth rate for China in 2010 as in 2009, China would have received 2.0 

patents per million population in 2010. 
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Figure 3.1 Patents Per Capita, 2009: China Compared to Other Selected 

Economies
29

 

(Number of Patents Granted Per Million Population) 

 

 
 

Source: US Patent and Trademark Office and World Bank  

                                                 
29 Sachs and McArthur (2002) had a similar figure in their paper. We update the chart using the latest data 

from US Patent and Trademark Office (PTO). The US PTO, however, does not publish per-capita patents 

figure; we obtain population data from the World Development Indicators of the World Bank to create per-

capita patent figures, as shown in Figure 3.1. 
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Switching to infrastructure development issues, Canning and Pedroni (2004) 

analyzed the impact of infrastructure on long-term economic growth in a number of 

countries for the 1950-1992 period. The authors used the concept of physical measures of 

infrastructure rather than investment flows in monetary terms. In other words, Canning 

and Pedroni examined the impact that infrastructure projects have on long-term economic 

growth prospects by looking at indicators such as kilometers of paved roads, number of 

telephones installed, kilowatts of electricity generating capacity installed, etc., and using 

these indicators for their analysis.  

Infrastructure is expensive and, in most cases, is provided by the public sector, 

which are non-competitive in nature. By looking at infrastructure not just as an input into 

aggregate production but also as the cost of reduced investments into other forms of 

capital, Canning and Pedroni concluded that the non-competitive nature of infrastructure 

projects may result in misallocation of resources. From this perspective, there is an 

optimal level of infrastructure development, below which maximizing investment tends 

to increase long-term level of output and above which infrastructure investment is likely 

to divert resources from proper use of capital, and, therefore, will reduce the level of 

output.  
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Looking at different infrastructure projects, Canning and Pedroni found that for 

telephones and paved roads, on average, many countries in their dataset are close to 

optimal level of investment.
30

 It should be noted, however, that the authors found a 

significant number of countries which are either below or above their optimal level of 

investments in these projects. For electricity generating capacity, the authors concluded 

that, on average, the majority of countries are close to their optimal level of provision 

from a growth maximizing perspective; with a few countries showing under-provision of 

this resource. Their findings came as a surprise considering the insufficiency of 

electricity supply in rural areas in most countries, which indicate the need of more 

detailed country studies instead of a cross-sectional approach of averaging all countries’ 

data.   

Looking into environment issues, China’s exceptional economic performance 

comes with the cost of being one of the world’s largest polluters, in absolute terms. In 

1980, China’s carbon dioxide emission amounted to 1.4 billion metric tons, which was 

about 8% of world’s total carbon dioxide emission. In 2009, China’s share of world’s 

total carbon dioxide emission increased to slightly over 21% of the world’s total, or about 

5.9 billion metric tons.
31

 Most research studies on China have concluded economic 

activities are the largest contributor to increased emission (Shen, 2006; Feng and Ji, 

2008; and Zhang et al. 2009). Chang (2010) examined the correlation between carbon 

dioxide emission, energy consumption and economic growth. Chang used a multivariate 

co-integration Granger causality test as a methodology framework for the study. For the 

                                                 
30 Canning and Pedroni (2004) did not specify the set of countries used in their analysis, except that the data 

was collected from Penn World Tables 5.6 (1991). 
31 Data on carbon dioxide emission for China and the world are collected from the World Development 

Indicators of the World Bank. 
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purpose of the paper, energy consumption includes crude oil, coal, natural gas and 

electricity. In addition to investigating bi-directional relationship between the variables, 

the study concluded that economic growth induced higher energy consumption and 

carbon dioxide emission. This conclusion makes it difficult for the Chinese government 

to come up with policy recommendations that may satisfy both economic growth 

prospects and energy conservation targets. In recent years, the Chinese government has 

responded to the issue of carbon dioxide emission with a number of policies to reduce 

emission in the long term. With the size of the Chinese economy being about one-third of 

the US economy, China overtook the US as the world’s biggest carbon dioxide producer 

in 2007 in absolute terms (Figure 3.2).
32

 However, it is clear that at this point China is not 

ready to adopt environmental policies that may have an adverse effect on economic 

growth.  

Despite the rising size of the Chinese economy, it remains a developing country, 

with nominal GDP per capita in 2010 estimated at US$4,500 (World Economic Outlook 

October 2010, IMF). Countries that are on the similar level include Algeria, Angola, 

Macedonia, and Iran. From that perspective, it is understandable why China may have 

kept its priorities on economic growth rather than on environmental issues. As per-capita 

income rises in China, government policies are likely to take into account some aspects 

of social and environmental issues. 

  

                                                 
32 It should be noted that the comparison of carbon dioxide emission between countries ignores the cost of 

other types of energy consumption. One example would be the use of nuclear power and the cost of nuclear 

waste to the world, especially in the wake of Japan’s current nuclear disaster. 



48 

Figure 3.2 Carbon Dioxide Emission, China versus US, 1980-2009 

(Billions of metric tons) 

 

 
 

Source: International Energy Statistics, US Energy Information Administration 

Grossman and Krueger (1994) examined relationship between various 

environmental indicators and the level of a country’s per capita income. The major 

findings of their work is that there is no clear long-term evidence that environmental 

quality deteriorates with economic growth, and that while initial stages of economic 

growth do bring certain level of environmental deterioration, these periods are followed 

by a subsequent phase of environmental improvements, known as the environmental 

Kuznets curve.
33

 Grossman and Krueger estimated that the turning point for most 

countries’ environmental position was at about $8,000 of GDP per capita. They also 

concluded that low income countries had a unique opportunity to adopt new cleaner 

                                                 
33 The relationship between income per capita and environmental degradation, as postulated under the 

environmental Kuznets curve, is derived from cross-sectional data involving different countries. This 

assumes an identical development path for all countries.  
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technologies and learn from environmental mistakes that developed world had made in 

the past. With this in mind, one can only hope that China may reach the turning point on 

the environmental Kuznets curve at a per-capita income level lower than the average 

estimated by Grossman and Krueger.  

In the health area, many research papers (Aghion et al., 2010, Ashraf et al., 2008, 

and Acemoglu and Johnson, 2007) look at the impact of health issues on labor 

productivity and consequently long-term economic performance of different countries. 

Generally speaking, there are various ways how better individual health conditions could 

potentially contribute to sustained economic performance. Healthier workers produce 

more output by working longer hours, enjoy longer life expectancy, and are likely to have 

fewer children due to lower child mortality rates. Also, through a longer productive life, a 

healthier population is likely to create savings, which is expected to be used for 

investment purposes. 

Hartwig (2010) looked at 21 OECD countries and examined whether health 

capital formation stipulated GDP growth in the long-term. In his paper, Hartwig used 35 

years (1970-2005) of health expenditures and real GDP per capita for the selected 

countries. Hartwig used dynamic panel Granger-causality tests to identify effects of 

health capital formation on long-term economic growth. His key hypothesis was that, if 

health is good for growth, then it should Granger-cause economic growth with a positive 

sign. The conclusions that Hartwig derives are that no evidence exists for rich countries 

that healthcare expenditures or the rise of life expectancy Granger-cause per-capita GDP 

growth in the long term with a positive sign.  
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With these surprising results, Hartwig recognizes that his findings contradict the 

general perception of “health is good for economic growth” and offers a few possible 

explanations for his findings: maybe the effects of shocks of health expenditures on 

economic growth are short-lived and are not statistically visible over the long term (10 to 

30 years); maybe the effects of health expenditure shocks on economic growth should be 

analyzed over a longer-term period (30-50 years); and that health care shocks have no 

visible effects and people care about health from the welfare standpoint and not for 

economic returns. It is worth mentioning that Hartwig points out in his concluding 

remarks that the sample for the study consists of OECD countries and any development 

policy conclusions should be applicable for rich countries only. Hartwig also suggests 

that, while his methodological approach could be used for similar analysis of the 

developing countries, current data limitations are the main obstacle for this research to 

take place. 

Many scholars examine these and similar issues for the developed world. For 

developing countries, such studies are not a norm yet. There are a few several studies that 

have looked at these issues for China. Some researchers have made an attempt to identify 

the empirical evidence of health development on income and productivity (Li and Huang, 

2009; Wei and Hao, 2010; Zhang and Zhuang, 2011). Liu et al. (2008) used China Health 

and Nutrition Survey (CHNS) for 1993-1997 as a dataset for a similar analysis. While the 

1993-1997 data set only covered nine provinces in China, it did provide a unique 

representation of China’s rural and urban population sample. In total, this sample covered 

about 15,000 individuals (between ages 18 and 65) and almost 5,000 households. The 

major findings of this paper are as follows: better health of individual household 
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members has a statistical significant linkage to higher household production, and 

individuals who reported better health are more likely to show higher household income. 

The paper also shows that economic return to health is much larger in rural areas in 

comparison to that in cities; there is little evidence for the difference in economic return 

to health by gender. One major policy implication of this study is that limited access to 

health services creates vulnerability for the rural population in China.  

For many countries, household consumption is the largest share of GDP  and 

therefore, changes in household consumption influence significantly the overall 

performance of the economy, and vice versa. China’s share of consumption in GDP is 

low when compared to benchmark set by its trading partner countries (Guo and N’Diaye, 

2010). Although household consumption in China has been rising steadily in the past 20 

years in absolute terms, its share as a percentage of GDP has been declining. As shown in 

Figure 3.3, from more than 50% in the early 1980s, household consumption as a 

percentage of GDP fell to 35% in 2009, a record low for the country. Blanchard and 

Giavazzi (2005), and Modigliani and Cao (2004) argued that the decline in share of 

private consumption was due to an increase in the share of households’ precautionary 

savings, upon uncertainty on future prospects of healthcare, income/pensions, and 

education benefits. Similarly, Chamon et al. (2010) found that younger Chinese 

households saved more due to income uncertainty, while older households did so due to a 

decline in pension benefits. To boost the country’s household consumption share in GDP, 

it is necessary to look for ways to encourage a lower saving rate. 
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Figure 3.3 China’s Household Consumption, 1980-2009 

(Trillions of 2000 yuan and percent of GDP) 

 

 
 

Source: China National Bureau of Statistics 

Barnett and Brooks (2010) looked at the empirical relationship between 

government spending on health and education and households’ saving rate. The main 

outcome of their analysis was that government spending on healthcare had a significant 

impact on urban household savings. In rural areas, there was no evidence (except for 

some high-income provinces) of the same relationship between government spending on 

healthcare and saving. The same does not hold for government spending on education. It 

should also be noted that the impact of increased government spending on healthcare in 

urban areas is noticeable. For every yuan increase in government spending on healthcare, 

urban population increases consumption by 2 yuan. In other words, total consumption 

(public and private) could increase by 3 yuan. Barnett and Brooks’ work clearly 

identified the role of government policy in rebalancing economic growth prospects. 
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Although the papers mentioned above and many others provide useful insight into 

factors that have contributed to economic growth, no country has gone through the 

experience that is even remotely similar to that of China over the last 30 years given the 

size of the country, the pace at which it has been growing and the overall impact it has 

had on the global economy. It is no longer an assumption but a reality that while all 

rapidly growing developing countries are exciting in their own specific ways, China is 

much more so, simply due to the fact that China is so much bigger and, as of late, so 

much more important to global economic, financial and political issues.  

Perkins (2002) pointed out that the type of structural changes China has gone 

through over the last two decades could no longer take place in “the high-income post-

industrial economies”. Perkins also identified several important distinctive factors for the 

China case in comparison to other countries. First of all, we need to consider the future of 

China’s urbanization policy and the obvious declining effectiveness of the hukou 

(residency permits) system. As Perkins concluded, higher per capita income would be 

both a cause and effect of increasing urbanization. This process will drive China’s 

demand for infrastructure development, and subsequently control the pace of people’s 

mobility and labor mobility in China. Another important factor is the country’s regional 

development, with government policy clearly shifting to develop the interior and western 

regions of the country. 

In the same paper, Perkins provided an interesting parallel that, in the developed 

world, much of the research work on factors contributing to economic growth was done 

through finding a relevant data set and then looking for statistically significant 
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relationships by applying econometric techniques. For the case of China and other 

developing countries, the limitation of data forces scholars to be more creative with their 

modeling setups. These efforts in the long term provide better tools and models for 

understanding structural changes within the Chinese economy. This dissertation is one of 

these efforts. We hope that similar research attempts will be made for different aspects of 

the Chinese economy.  

 

3.2 Principal Components and Two-Stage Least Squares Methodology 

This dissertation methodology is based on the use of principal components and 

two-stage least squares. The method of principal components was brought into the 

forecasting field by Richard Stone (1947). He decided to use the method of principal 

components for forecasting national account variables. His goal was to identify a small 

number of common factors that could be used to explain the variance of 17 national 

account variables. By looking at the annual data for the 1922-1938 period for these 17 

variables, Stone identified three orthogonal factors (principal components) that were 

extracted from all 17 initial variables and explained about 98% of total variance of these 

variables. After that, Stone tried to interpret these first three principal components by 

linking them to specific original variables.  

In recent years, the method of principal components has been used extensively for 

the purpose of high-frequency forecasting. Klein, Coutino, Eskin, Guzman, Inada, 

Roudoi, and many others, use the method of principal components for their forecasting 
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work on different economies.
34

 The essence behind the method of principal components 

is that it allows the inclusion of a wide selection of variables in a non-structural model. 

There are several key reasons why the method of principal components maybe 

more applicable in representing the original dataset than the dataset itself. Principal 

components are not correlated with each other, which removes the problem of multi-

collinearity. Since each principal component contains information on the initial variables, 

using only a few principal components allows for a significant reduction in the number of 

regressors without losing the representation of the original dataset. Principal components 

are ranked by their significance in explaining the overall variance of the original dataset. 

As a result, a researcher can decide on how many principal components to use for further 

analysis based on how much variance the researcher wants to capture from the total 

variance of the original dataset. 

The method of principal components is criticized by some researchers that the 

coefficients of principal components are not clearly interpreted. In our opinion, they do 

not need to be always interpreted directly. Thus, the coefficients could be used for 

estimating partial derivatives of endogenous variables, and these partial derivatives could 

be interpreted. Another argument against principal components often raised is the fact 

that they could be misleading if used for projection purposes since they are artificially 

constructed. The way we handle this issue is that we either forecast the original set of 

indicators through the use of Auto-Regressive Integrated Moving Average (ARIMA) 

model and then form principal components or we simply project principal components 

using the ARIMA model directly. The last major argument against the use of principal 

                                                 
34 See The Making of National Economic Forecasts (Klein, 2009). 
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components is that, since only a few principal components are used for further analysis, 

some information from the original indicators is lost with the principal components that 

do not end up being used in the final selection. That is clearly the case. However, it 

should be noted that the first principal component explains the largest variance of the 

original indicators, with subsequent principal components corresponding to smaller and 

smaller variance, so that the information lost from the unused principal components could 

often be trivial (Klein and Ozmucur, 2004).  

 For solving equations in a model, econometricians may adopt two approaches: 

single-equation methods (also known as limited information methods) where equations in 

the model are solved one at a time, taking into consideration the restrictions placed on 

that equation; or system methods (full information methods), where all equations in the 

model are estimated at the same time, taking into account all of restrictions placed in the 

model.  

 When one looks at a model setup with simultaneous equations, the ideal approach 

would be to use system methods, such as full information maximum likelihood (FIML) 

method. These methods, however, are not used extensively not only because FIML 

estimation of large systems could be a time consuming and complex task, but also 

because system methods could often result in nonlinear estimates of parameters which are 

difficult to compute. At the same time, system methods are very sensitive to errors in 

model specifications. Since the equations in the model are solved simultaneously, a 

specification error in one part of the model will likely be propagated to other parts of the 

model.  
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 An alternative solution for a simultaneous-equation model is two-stage least 

squares (TSLS). The methodology was first introduced, separately, by Henri Theil (1953) 

and Robert Basmann (1969). As its name indicates, the methodology involves estimation 

of ordinary least squares (OLS) in two consecutive steps. At the first stage, fitted value(s) 

are obtained for the endogenous variables that could correlate with the error term in the 

equation(s). These fitted values are known as instrumental variables; they act as proxy for 

the endogenous variables but are uncorrelated with the error term. TSLS, compared to 

FIML, is much easier to manage, as the former can be applied to individual equation(s), 

one at a time. 

 Using the Klein-Goldberger Model, Klein (1969) compared the forecast accuracy 

of OLS, TSLS, and FIML. For the TSLS estimators, Klein used four and eight principal 

components for comparison. Based on his findings, OLS estimates performed poorly 

compared to those of TSLS and FIML. FIML estimators were better than those of TSLS 

for a one-year-ahead forecast. Beyond the one-year period, TSLS simulation results gave 

better results than the FIML. Other studies obtained similar results as Klein.
35

 It should 

be noted that, in Klein’s estimation, the TSLS with four principal components showed 

better simulation results than the one with eight, a rebuttal against some criticism that the 

full set of principal components should always be used.  

                                                 
35 Seaks (1974) tested OLS, limited information maximum likelihood (LIML), TSLS, FIML and three-stage 

least squares (3SLS) in the Klein model. He concluded that OLS simulation results were the worst when 

compared to the other methodologies. He also found that, if the lagged endogenous variables were derived 

from preceding simulations, LIML and TSLS yield better results than FIML and 3SLS. However, when 

actual values of the endogenous variables were used, then the FIML shows better forecasting results than 

the other methodologies. 
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 The TSLS methodology certainly has its advantages of ease of use, which 

explains why it is being used extensively in practice. The success of the method relies 

heavily on a good set of instrumental variables (Donald and Newey, 2001). Angrist and 

Krueger (2001) point out that a good instrument is correlated with the regressors where 

researchers can verify and explain, but uncorrelated with the endogenous variables except 

through the impact of the regressors. As such, if the instruments are highly correlated 

with the actual endogenous variables (i.e. a high R
2
 value at the first stage estimation), 

then the TSLS could yield forecast results close to those of OLS. However, if the 

instruments are not decent proxy for the endogenous variables, then replacing the original 

variables with the instruments will simply be pointless, and will result in meaningless 

estimators using the TSLS methodology. 

 

 In closing, in this chapter we present studies that look at economic, health, and 

environmental development relevant for China’s long-term economic growth. The 

findings in these studies provide a guiding framework for setting our empirical model.  

 Our empirical model uses the methodology of principal component analysis and a 

two-stage least squares as an estimation technique. We review the uses of these 

techniques in existing literature, and explain why these techniques are applicable in our 

modeling project. 
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CHAPTER 4 

CONSTRUCTION OF THE MACROECONOMETRIC MODEL 

4.1 Proposed Model Methodology 

 The overall objective of this study is to provide an assessment of the long-term 

economic sustainability of China, and what the likely implications are for the Chinese 

economy as a whole.
36

 It is logical to assume that, with the continuation of economic 

development in China, the government policies will gradually have to take into account 

the country’s future stand on the environment, healthcare, social protection, and other 

aspects of the Chinese society. Therefore, it is critical to expand the emphasis of this 

analysis beyond economic concepts, and estimate the impact that the economic expansion 

will have on other aspects of development in China and vice versa. 

 We establish a simultaneous equation framework that enables us to measure 

linkages among its various blocks. The suggested model framework covers the following 

areas of development: economic development, health development and environmental 

development (Figure 4.1), following the model framework of Nagar et al. (2008). The 

logic behind this selection is that, while taking a broad enough coverage (including 

environment and health), the model itself, in terms of its size, remains manageable.  

  

                                                 
36 Economic development encompasses development in various factors, including economic growth, 

poverty and inequality, infrastructure setup, institutional reforms and many more. The macroeconometric 

model of this dissertation focuses on the quantitative aspects of economic growth and poverty.  
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Figure 4.1 High-Level Overview of Proposed Macroeconomic Model 

 

 
 

 

As presented in Figure 4.1, these three areas of development have cause and 

effect relationship to each other. First, the general view of health development 

contribution, in the field of economics, is that a healthier worker can contribute to more 

output than a not-as-healthy one, and therefore, should provide a larger contribution to 

the overall sustainability of economic development. The health dimension, under this 

circumstance, is considered as a source of augmentation for human capital in our model. 

While the logic of this assumption of inter-linkages and cause-and-effect between these 

development areas is obvious, the exact statistical relationship between them and the 

impact these inter-linkages may have on future policies remain to be analyzed and 

determined.  

The concept of human capital and its impact on economic development has been 

studied extensively. Although most empirical studies focus mainly on the education and 

technical skills aspect of workers as the primary factor for augmented human capital, the 
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overall health status of the population has also been given enough emphasis as an 

important factor (Schultz, 1961; Mushkin, 1962).
37

 Recently, a new branch of literature 

has emerged to examine the role of health development on economic development (Weil, 

2007).
38

 Empirical studies have been conducted both with time series data and cross-

sectional data, and the results remain mixed.
39

  

Little empirical effort, however, has been dedicated to examining the effect of 

human capital on economic growth in China, mainly due to the lack of meaningful and 

sufficient data. Nonetheless, as data on China have now become more available, it 

warrants a closer look at how changes in the health status of Chinese workers may affect 

the country’s long-term economic prospects. Similarly, it needs to be estimated how 

stronger growth prospects may translate into more investment in health initiatives and 

more emphasis on health policies, and, therefore, improvements in the health of the 

population. 

Another factor included in the model framework is the role of environmental 

development. China’s current robust economic momentum is accompanied by wide-

spread disregard for or lack of attention to environmental consequences. Several major 

cities in China have been classified as the world’s most polluted cities. Cases of 

environmental-related diseases and deaths in China have been rising rapidly as well. It is 

                                                 
37 See Barro (1991) and Mankiw et al. (1992) for examples of empirical work using education and technical 

skills as factors of augmented human capital. 
38 See also Knowles and Owen (1995, 1997), Bloom et al. (2004) and Rivera and Currais (2004) for 

examples of health-augmented human capital formation as the source of economic growth. 
39 Behnabib and Speigel (1994), and Heshmati (2001) found a positive relationship between health and 

economic growth. McDonald and Roberts (2002), and Acemoglu and Johnson (2007) did not find a 

statistically significant relationship between the two. Meanwhile, de la Croix and Licandro (1999), and 

Blackburn and Cipriani (2002) identified an inverted U-shaped relationship between health development 

and economic growth. 
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only a matter of time before environmental policies and improvements would have to 

play a more visible role in China. 

As postulated by Grossman and Krueger (1994), there is an inverted-U 

relationship between economic growth and environmental quality. For low income 

countries, their early stages of economic development bring along rapid environmental 

deterioration, as the focus is on output growth and wealth creation. It is generally the case 

that environmental regulation is usually weak when a country’s income per capita is at a 

low level. The balance then shifts as income rises and general population demands better 

environmental quality. The tipping point of the inverted-U is identified in the range of 

$5,000-$10,000 per-capita income, by many research studies.
40

 It is unclear where China 

stands on this inverted-U relationship between economic development and environmental 

development.
41

  

Based on the above arguments, we have made the decision to look at the overall 

sustainability of China’s economic performance within the framework of its impact on 

environment development and health of Chinese workers. As indicated, the selection of 

the variables within the modeling framework was driven by a fundamental assumption 

that there are long-term cause and effect inter-linkages between economic performance 

and environmental and health developments. The sections below provide a logic behind 

selection of all indicators (exogenous and endogenous) and references to sources from 

which each indicator was taken. 

                                                 
40 These research studies include empirical analysis from Grossman and Krueger (1991), Panayotou (1993, 

1997), Shafik (1994), Selden and Song (1994), and Torras and Boyce (1998).  
41 As noted in Chapter 3, most empirical studies on economic and environmental development use cross-

sectional country data, and therefore do not take into consideration growth path discrepancies among 

countries. 
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4.2 Motivation for the Selection of Endogenous Variables 

 A total of seven endogenous variables were selected: two for economic 

development, two for health development, and three for environmental development. All 

seven indicators are available in annual frequency from 1980 to 2010.
42

  

 For economic development, we have selected: real GDP per capita and poverty 

ratio. Both indicators are collected from the World Development Indicators (WDI) of the 

World Bank. Real GDP per capita has been widely accepted in the literature as an 

obvious measure of economic growth, and it provides a view of an average income across 

China. This indicator is measured in 2000 renminbi. The poverty ratio measures the 

percentage of China’s population living with less than $2 a day. While real GDP per 

capita allows us to examine economic development from the perspective of looking the 

average level of income, the poverty ratio is a measure of income distribution in China. 

Combined, these two indicators provide a more complete view of economic growth in 

China.
43

  

 For health development, we have chosen life expectancy and government 

spending on healthcare. Life expectancy is often regarded in the literature as a primary 

measure of health outcome, and many studies have confirmed a strong empirical 

relationship between life expectancy and economic performance. For example, Barro and 

Sala-I-Martin (1995) quantify that a 13-year increase in life expectancy would result in a 

                                                 
42 With respect to the small sample issue, the model is estimated with Newey-West estimators to account 

for robust standard errors. 
43 Although real GDP per capita and the poverty ratio could be highly correlated, we use principal 

components in our model, which account for any possible bias between the endogenous variables (see 

Section 4.5). 
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1.4 percentage point annual increase in economic growth. Similarly, de la Croix and 

Licandro (1999) suggest that life expectancy has a positive influence on the level of 

education and, thus, on economic growth.  

 We incorporate life expectancy as a long-run representative of health 

development. The life expectancy series is collected from the WDI and represents life 

expectancy at birth (measured in number of years). It should be noted that the WDI life 

expectancy series is not continuous, as the values are available once every other year, or 

once every three years. In our model, gaps within this series are interpolated based on 

nearby observations.  

 The second indicator selected for health development is real government spending 

on healthcare, on a per-capita basis. Heshmati (2001) and Rivera and Currais (2003, 

2004) have identified a positive impact of health expenditure growth on economic growth 

for industrial economies. In the case of China, however, the relationship between 

government spending on healthcare and economic growth has not been examined. 

Current data indicate that, despite the robust economic momentum in China, the 

country’s healthcare expenditures have not been expanding at the same rate. In 2009, 

China’s health expenditure per capita was at US$43, compared to a world average of 

US$484.
44

 The amount is meager when compared to that in the US ($3,330), EU ($2,460) 

and in Japan (US$2,236).
45

 

                                                 
44 Data are from the WDI. The figure for health expenditure per capita is based on the author’s calculations. 
45 Data for the US, EU and Japan are for 2009. The amount could have changed substantially for Japan in 

2011 in the aftermath of tsunami. 
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In our model, the source data for government healthcare spending measures 

government expenditure on healthcare, in millions of renminbi. The series is collected 

from the China Ministry of Finance. The data series is new, dating back to 1994. Prior to 

that, the Ministry of Finance published combined data for government expenditure on 

healthcare and scientific research. We have extended the series (government spending on 

healthcare), back to 1980 to 1993, by applying the growth rate of the discontinued series 

(government spending on healthcare and scientific research). Next, we adjust the series 

for inflation and convert to per-capita basis as well. 

 For environmental development, we have selected the following three indicators: 

carbon dioxide emission per capita, fertilizer consumption per hectare of arable land and 

solid waste disposal per capita. China is the world’s biggest carbon dioxide (CO2) emitter 

in absolute terms. Various studies have identified the linkage between China’s output 

growth and its carbon dioxide emission (Jalil and Mahmud, 2009; Chang, 2010). It 

should be noted that, however, the measurement of carbon dioxide emission in absolute 

terms might not be a pair comparison. As such, we incorporate the per-capita carbon 

dioxide emission data in the model, which allows us to more accurately capture the 

impact of economic growth on air quality. Per-capita carbon dioxide emission is 

measured in metric tons and is collected from the WDI.  

 The second indicator we use to represent environmental development is China’s 

fertilizer consumption per hectare of arable hand. Thirty years ago, when China was an 

agricultural based economy, most activities in that sector were labor intensive. Over the 

last 20 years, the desire to increase agricultural production yields has forced Chinese 
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farmers to adopt the industrial or western way of farming, which implies greater use of 

equipment and machinery,
46

 crop protection chemicals (pesticides/insecticides) and 

fertilizers. Use of insecticides and chemical fertilizers becomes increasingly common not 

just for larger farms but also for small farms. China is now the world’s largest producer 

and consumer of synthetic nitrogen (N) fertilizers in absolute terms. Although, on a per-

hectare of arable land basis, China’s fertilizer consumption was behind that of New 

Zealand, Malaysia, and South Korea, the country’s fertilizer consumption has been rising 

at a notable pace. From 150 kilograms per hectare of arable land in the early 1980s, 

China’s fertilizer consumption rose to more than 400 kilograms in 2010. The intensive 

application of N-fertilizer draws concerns on the immediate danger of drinking water 

being contaminated, and long-term issues, such as energy consumption and greenhouse 

gas emissions.
47

 The data series on fertilizer consumption is measured in kilograms per 

hectare of arable land, and is collected from the WDI. 

 The third indicator we select to represent environmental development is per-capita 

solid waste disposal. As China’s productive output increases, so does the unwanted 

byproduct of waste. This includes both industrial waste and waste produced by 

households. According to Song et al. (2008), economic growth is a significant factor in 

contributing to waste-related air and water pollution. Solid waste disposal data is 

                                                 
46 The number of tractors used on the farm increased from 12 tractors per 100 sq. km of arable land in the 

early 1970s, to more than 250 tractors in 2009 (Source: World Development Indicators, World Bank). 
47 See Zhang et al. (1996) and Kahrl et al. (2010) for more discussion on the impact of N-fertilizer 

application on China’s environmental degradation.  
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collected from the WDI. It measures China’s combustible renewable and waste disposal 

in metric tons of oil equivalent. We convert the series to a per-capita basis.
48

 

 The list of endogenous variables and descriptive statistics are in Appendix A. The 

postulated relationship between these endogenous variables is shown in Figure 4.2. 

Following the work of Barro (1996), Bloom et al. (2004), and Acemoglu and Johnson 

(2006), we examine the impact of economic growth (measured by real GDP per capita 

and the poverty ratio) on life expectancy and per-capita government spending on 

healthcare, and vice versa, in the context of China. We also review the relation between 

economic growth and income distribution in China following Roemer and Gugerty 

(1997) and Adams (2004).  

Figure 4.2 Macroeconometric Model with Selected Endogenous Variables 

 

 
 

 

                                                 
48 Solid waste disposal, when converted to a per-capita basis, is small number at the fourth to sixth decimal 

point. Thus, we convert the series to a per-10,000 population basis in the model.  
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 The work of Grossman and Krueger (1994) has motivated us to include 

environmental development as a part of the constructed model. Our investigation of the 

effect of economic growth on China’s environmental development is based on time series 

data, while Grossman and Kruger use cross-sectional data. 

 The consideration of the linkage between environmental and health development 

in China is motivated by findings from Wang and Mauzerall (2006) and Ho and Nielsen 

(2007), which point to the negative impact of environmental stress on public health in 

China, including the increases of pollution-related diseases and health contamination.  

 

4.3 Selection of Explanatory Variables 

 The model structure specified above illustrates the logic of the relationship 

between the major blocks of the model. The identified indicators are endogenous in 

nature. In this section, we present the selection of explanatory variables corresponding to 

each endogenous variable from Section 4.2.  

 

4.3.1 Block of Economic Development 

 For the block for economic development, we select a total of eleven explanatory 

indicators. These indicators represent the macroeconomic environment and the physical 

infrastructure setup. These indicators (and their units of measurement and data source) 

are in Table 4.1.  
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We use these indicators to explain different dynamics of the Chinese economy.
49

 

The selection of these indicators is motivated by Klein and Ozmucur’s model for 

estimating China’s economic growth rate (2003), where they select indicators covering 

energy, transport, communications, labor, agriculture, trade, wage, and inflation in China. 

A similar selection of indicators for macroeconometric models was done for Japan 

(Inada, 2009), India (Basu, 2009), Russia (Eskin and Gusev, 2009), and Mexico 

(Coutino, 2009). For each of these countries, indicators vary in order to capture the 

unique characteristics of the economy and to address the issue of data availability. 

In our model, value-added of the agricultural sector captures the activities in the 

agricultural sector, while irrigated land area represents modernization in the agriculture 

sector. Huang et al. (2006) found that not only did irrigation have a positive impact on 

agricultural performance (measured in terms of crop yields), but the benefits on 

improving farmers’ income outweighed the costs involved in investing in the irrigation 

system.  

Gross construction output measures construction activities in China, which 

accounted for about 7% of GDP in 2010.
50

 Not only does gross construction output 

capture the magnitude of urbanization in China, it also corresponds to the state of 

employment and investment in the construction sector.  

  

                                                 
49 To control for causality, the explanatory variables are lagged in our macroeconometric model. The 

details of the model structure are in Section 4.6 of this dissertation. 
50 Data on the breakdown of individual sectors’ shares in China’s GDP are collected from the China 

National Bureau of Statistics. 
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Table 4.1 Explanatory Variables for Economic Development 

Indicator Source 

Agricultural Sector  

Value-added of the agricultural sector, percent of GDP World Bank 

Irrigated land area, percent of cropland World Bank 

 

Construction 

 

Gross construction output, percent of GDP China National Bureau 

of Statistics 

 

Manufacturing and Trade 

 

Net exports of goods and services, percent of GDP China Customs Bureau 

High-technology exports, percent of manufactured 

exports 

World Bank 

  

Capital Market  

Net inflow of foreign direct investment, percent of GDP World Bank 

Gross domestic savings, percent of GDP World Bank 

  

Service Sector  

Value-added of the service sector, percent of GDP World Bank 

  

Communications  

Number of Internet users, per 100 people World Bank 

  

Financial Market  

Consumer price index, percent change from a year ago World Bank 

Exchange rate, Chinese renminbi per US dollar World Bank 

 

Net exports are a measure of trade robustness in China, which has been a key 

growth driver for the Chinese economy. High-technology exports capture the mix of high 

value-added exports in total manufactured exports.  

Data on FDI and savings monitor capital availability in China, both domestic and 

from abroad. Aghion et al (2006) showed that domestic saving was important for 

developing countries to catch up with rich countries on the technology frontier, while 
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Whalley and Xin (2006) pointed out that FDI was critical in sustaining China’s long-term 

growth.  

Value-added of the service sector characterizes the dynamics in this tertiary 

industry, which accounted for 43% of GDP in 2010. Whether it is education and 

healthcare services, or banking and real estate, and even transport and communication 

services, the sector as a whole has thrived in the past several decades. This can be 

attributed partly to government policies, and partly to trade linkages in prompting support 

industries. The robust service sector activities, in turn, add to higher economic growth. 

The number of internet users corresponds to the use of technology in 

communication, for both businesses and households. The use of technology in 

communication makes it easier for knowledge transfers between China and its trading 

partners. Inflation measured by the CPI and the exchange rate allow us to monitor the 

dynamics in the macroeconomic environment and financial markets. The detailed 

description of these explanatory variables is in Appendix B. 

Our selection of explanatory variables follows the recommendation by Klein and 

Ozmucur (2003). Thus, we want to identify the variables that are not highly correlated 

with each other to avoid the use of indicators with overlapping information. For the 

purpose of selecting the final set of explanatory variables, we decided to use a threshold 

of 0.75 to determine an acceptable level of correlation. That is, when two indicators have 

a correlation coefficient with an absolute value bigger than 0.75, we remove one of them 

from the final selection. This logic will apply to the selection of all explanatory variables.  
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While for four sectors we have initially selected several explanatory indicators, 

for construction and services, there is only one indicator selected initially per sector. 

Therefore, no correlation matrix will be provided for these two sectors. 

For activities in the primary sector, we have two explanatory variables: value-

added of the agricultural sector, percent of GDP and irrigated land area. The correlation 

between these two variables is 0.54 (Table 4.2), and is within the acceptable range, so we 

keep both indicators as explanatory variables for economic development. 

Table 4.2 Correlation between Explanatory Variables for the Agricultural Sector 

Correlation Coefficients V
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Value-added of the 

agricultural sector 
1.00 0.54 

Irrigated land area 
 

1.00 

 

 Next, we look at the correlation coefficients for indicators corresponding to the 

manufacturing and trade sector. Since China’s manufacturing activities are closely tied to 

its trade activities, we bring the indicators on both manufacturing and trade together and 

examine their correlation coefficients with one another. The four indicators initially 

selected are: 

 value-added of the industry sector, percent of GDP 

 current account balance, percent of GDP 
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 net exports of goods and services, percent of GDP 

 high-technology exports, percent of manufactured exports 

The triangular matrix of correlation coefficients for the four variables is in Table 4.3. The 

cross correlation coefficients with an absolute value bigger than 0.75 are displayed in 

bold. We remove the indicators that have correlation coefficients with all other indicators 

greater than the threshold. Therefore, for the manufacturing and trade sector, we end up 

with two explanatory variables: net exports of goods and services and high-technology 

exports. 

 For capital markets, we considered three variables:  

 net inflow of foreign direct investment 

 gross domestic savings 

 foreign currency reserves 

These variables represent funds availability, from both domestic and foreign sources. In 

Table 4.4, we present the triangular correlation matrix for these variables. We find from 

the table that foreign currency reserves are strongly correlated with net FDI inflows and 

domestic savings, with correlation coefficients of 0.93 and 0.79, respectively. This is 

higher than the threshold of 0.75. Therefore, we use two explanatory variables for the 

capital market: net inflow of foreign direct investment and gross domestic savings.  
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Table 4.3 Correlation between Explanatory Variables for the Manufacturing and 

Trade Sector 

Correlation Coefficients V
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Value-added of the 

industry sector 
1.00 0.95 0.89 0.88 

Current account balance  
 

1.00 0.92 0.90 

Net exports of goods and 

services   
1.00 0.73 

High-technology exports       1.00 

 

Table 4.4 Correlation between Explanatory Variables for Capital Market 
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Net inflows of foreign 

direct investment  
1.00 0.71 0.93 

Gross domestic savings  
 

1.00 0.79 

Foreign reserves  
  

1.00 
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 To have a representation of communications technology development in China, 

we considered three variables in telecommunication:  

 mobile cellular subscriptions 

 telephone lines 

 number of Internet users 

The correlation between these variables is displayed in Table 4.5. As one can see from 

the table, the selected variables are highly correlated with one another, with all the cross 

correlation coefficients bigger than 0.75. Based on this finding, we could have chosen 

any one indicator from the list. We decided to choose the number of Internet users given 

its importance for the development of modern communications technology.  

Table 4.5 Correlation between Explanatory Variables for Communications 

Infrastructure 

Correlation Coefficients M
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Mobile cellular 

subscriptions 
1.00 0.79 0.91 

Telephone lines 
 

1.00 0.86 

Internet users     1.00 

 

 To monitor the development in the financial market, we started with three 

explanatory variables: consumer price index, money and quasi money, and the exchange 

rate. Since money supply correlates strongly with the other two variables (as shown in 
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Table 4.6), we removed this variable from our selection. The remaining two indicators to 

represent financial market development are the consumer price index and the exchange 

rate. 

Table 4.6 Correlation between Explanatory Variables for Financial Market 

Correlation Coefficients C
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Consumer price index 1.00 0.81 -0.09 

Money and quasi money  
 

1.00 0.79 

Exchange rate  
  

1.00 

 

 For construction, as discussed above, we choose only one explanatory variable: 

gross construction output. Other variables that are related to construction activities either 

do not have data for the entire sample period (1980-2010), are reported with delays, or 

focus on just part(s) of the construction sector. 

 Next, we examine how the selected explanatory variables correlate with 

endogenous variables for economic growth. In Table 4.7, we present the respective 

correlation coefficients: real GDP per capita and poverty ratio.
51

 We compute the 

correlation coefficients by using normalized values of both the explanatory and 

endogenous variables. For each variable, the normalized values are calculated as follows: 

                                                 
51 We also look at the correlation coefficients between the lagged values (by one period) of the explanatory 

variables and the endogenous variables (Appendix D). 
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where Xit represents the original variable, Xi, at time t, and xit represents the 

corresponding normalized value.  ̅  is the sample mean of the original variable, Xi, and is 

calculated as 

 ̅   
 

 
∑                                                                                                                    

 

   

 

and    
 is the standard deviation of Xi, and is calculated as 

   
  √

 

 
∑    

 

   

  ̅  
                                                                                                 

 The calculation to normalize values will be used in other blocks of the model for 

computing correlation coefficients between the explanatory and endogenous variables. 

 The signs of the correlation coefficients between the explanatory and endogenous 

variables for economic development are as expected. First, the indicators that are related 

positively to real GDP per capita have a negative correlation with the poverty ratio. 

Second, while listed variables are positively correlated to real GDP per capita, the two for 

agriculture are negatively correlated with real GDP per capita. Rising real GDP per capita 

is often associated with a declining share of agriculture in GDP in a country’s economic 

development. A crowding out effect could also be in place where resources are diverted 

to rising agricultural output from more productive manufacturing and construction has on 
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real GDP per capita. Third, for the financial market, a higher inflation corresponds to a 

decline in real output per capita, and a higher exchange rate (depreciation of the Chinese 

renminbi) correlates with more real output per capita. 

Table 4.7 Correlation between Explanatory and Endogenous Variables for 

Economic Development 

  GDP per capita Poverty ratio 

Agricultural Sector 

  Value-added of the agricultural sector -0.91 0.94 

Irrigated land area -0.44 0.50 

   Construction 

  Gross construction output 0.83 -0.98 

   Manufacturing and Trade 

  Net exports of goods and services 0.78 -0.76 

High-technology exports 0.80 -0.97 

   Capital Market 

  Net inflow of foreign direct investment 0.64 -0.67 

Gross domestic savings 0.88 -0.88 

   Service Sector 

  Value-added of the service sector 0.84 -0.88 

   Communication 

  Number of Internet users 0.83 -0.76 

   Financial Market 

  Consumer price index -0.57 0.25 

Exchange rate 0.73 -0.20 
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4.3.2 Block of Health Development 

 For health development, we use ten indicators as explanatory variables (Table 

4.8). These indicators correspond to different aspects of health development in China.
52

 

The selection of these indicators is motivated by the work of Nagar et al. (2008). In their 

work, the health status of the population is represented by variables such as the number of 

schools, hospital beds, doctors, DPT immunization and the percent of population with 

access to safe drinking water. We follow a similar logic, with adjustments for specifics of 

China’s health development. 

Table 4.8 Explanatory Variables for Health Development 

Indicator Source 

Government’s Initiatives on Disease Control  

DPT immunization, percent of children aged 12-23 months World Bank 

Incidence of tuberculosis, per 100,000 people World Bank 

  

Sanitation Practices in Rural Areas  

Improved sanitation facilities, percent of rural population 

with access 

World Bank 

  

Demographics  

Sex ratio aged 0-4, male-to-female World Bank 

Old-age dependency ratio, percent of working-age 

population 

World Bank 

  

Public Health Accessibility  

Number of physicians, per 1,000 people World Bank 

  

Education  

Public spending on education, percent of GDP World Bank 

Adult literacy rate, percent of population aged 15 and above World Bank 

Number of university students, per 10,000 population China National Bureau of 

Statistics 

Number of scientific and technical journal articles, per capita World Bank 

 

                                                 
52 Similar to the explanatory variables for economic development, the explanatory variables for health 

development are lagged to control for causality. 
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DPT immunization is a proxy for the government’s initiatives in preventing 

infectious disease epidemic, and incidence of tuberculosis is the number of people 

infected with the deadly disease.
53

 Ashraf et al. (2008) used changes in the prevalence of 

malaria and tuberculosis as proxies for health conditions in developing countries. In the 

case of China, we use the indicator of the incidence of tuberculosis.
54

 Bloom et al. (2005) 

stressed the importance of vaccination for improving health and economic performance. 

The availability of sanitized facilities in rural areas captures the improvement of 

sanitation and hygiene practices outside urban areas. The number of physicians 

characterizes accessibility of households to the public health system. Together, these 

variables relate to the availability of healthcare access for the general population.  

To account for the characteristics of China’s demographics, two variables are 

introduced: sex ratio ages 0-4, and old-age dependency ratio. The impact of aging 

population on economic growth has been studied for neighboring countries, including 

Japan (Faruqee and Muhleisen, 2003) and Korea (Chun, 2006). Bloom and Canning 

(2004) examined the significance of demographic changes on economic development 

from a global perspective. Their finding is that the old age burden is likely to translate to 

behavioral changes in the economy, including stronger incentives to work longer (and 

retire later), invest in education and save for retirement. The disconcerting impact of the 

gender imbalance includes social tension, crime increases (Edlund et al., 2007), gender 

inequality in employment and education (Matthews and Nee, 2000; Hannum et al., 2009).  

                                                 
53 DPT immunization is a class of combination vaccines against three infectious diseases: diphtheria, 

pertussis (whooping cough) and tetanus. The vaccine is usually given, in five doses, between 2 months and 

15 years of age.  
54 Data for cases of malaria in China is insufficient for the time period we are analyzing. 
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Adult literacy rate, the number of university students, and the number of scientific 

and technical journal articles monitor the level of education in China. In the early 1980s, 

the focus in education was on promoting primary education, to be followed by secondary 

education. As of now, the strongest increase in education is at the tertiary level. From less 

than 0.5% during the early 1980s, the gross enrollment ratio in colleges and universities 

rose to more than 25% in 2010. One relevance of education for health development is that 

more educated workers lead healthier lives and demand better health infrastructure and 

higher-quality medical care. Details on these explanatory variables are in Appendix B. 

 When we select the explanatory variables for health development, we look at the 

correlation coefficients between the indicators and identify those that correlate strongly 

over the sample period, 1980-2010. In the initial data set, when we looked at variables 

measuring the government’s initiatives in preventing disease outbreak, we picked three 

indicators: DPT immunization, measles immunization and incidence of tuberculosis. As 

given in the triangular matrix in Table 4.9, the correlation coefficients between measles 

immunization and the other two variables are higher than the threshold of 0.75 we set in 

the previous section (in absolute values); we therefore drop the measles immunization 

variable from the final list of explanatory variables. The final list of indicators 

representing the government’s action on disease control and prevention includes two 

variables: DPT immunization and incidence of tuberculosis. 
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Table 4.9 Correlation between Explanatory Variables for Disease Control and 

Prevention  

Correlation Coefficients D
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DPT immunization 1.00 0.99 -0.67 

Measles immunization 
 

1.00 -0.79 

Incidence of tuberculosis 
  

1.00 

 

 

 For sanitation practices in rural areas, we started with two indicators: improved 

sanitation facilities and safe water access. We choose to look specifically at rural areas, 

since it has been known that sanitation improvement in rural areas continues to lag 

behind that in cities. Hossain (1997) pointed out that safe water access and improved 

sanitation facilities were both crucial public health services. The correlation between 

these two indicators is 0.85, so we keep just one variable in the final list: improved 

sanitation facilities (Table 4.10).  

Table 4.10 Correlation between Explanatory Variables for Sanitation Practices in 

Rural Areas 
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Improved sanitation 

facilities 
1.00 0.85 

Improved water sources  
 

1.00 
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 For public health accessibility, we started with two variables: the number of 

physicians and the number of hospital beds. These two variables are highly correlated 

over time, with a 0.97 correlation coefficient (Table 4.11). As such, we incorporate only 

the number of physicians in the final list of variables, attaching a greater priority to the 

availability of doctors than hospital beds. 

Table 4.11 Correlation between Explanatory Variables for Public Health 

Accessibility 

Correlation Coefficients N
u
m

b
er

 o
f 

p
h
y
si

ci
an

s 

H
o
sp

it
al

 b
ed

s 
Number of physicians 1.00 0.97 

Hospital beds 
 

1.00 

 

 In finalizing the list for the block of health development, we incorporate 

education-related variables. There could be two possible linkages between health 

development and education development. First, from the behavioral standpoint, an 

educated person is expected to pay more attention to health-related issues and demand 

better public/private healthcare quality. Second, from the policy perspective, government 

spending on education might (or might not) crowd out its spending on healthcare, and 

vice versa.  

 In the initial data selection, we chose six education-related variables:  

 public spending on education 

 adult literacy rate 
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 number of university students 

 number of universities and colleges 

 number of science and engineering departments in universities 

 number of scientific and technical journal articles 

We present the correlation coefficients for these variables in Table 4.12. It should be 

noted that the three variables for tertiary education are highly correlated with one another, 

and two of them with adult literacy rate as well. We, therefore, select one variable for 

tertiary education, the number of university students, in addition to adult literacy rate and 

number of scientific and technical journal articles, to include in the final list of variables. 

Table 4.12 Correlation between Explanatory Variables for Education Development 

Correlation Coefficients P
u
b
li

c 
sp

en
d
in

g
 o

n
 

ed
u
ca

ti
o
n
 

A
d
u
lt

 l
it

er
ac

y
 r

at
e 

N
u
m

b
er

 o
f 

u
n
iv

er
si

ty
 

st
u
d
en

ts
 

N
u
m

b
er

 o
f 

u
n
iv

er
si

ti
es

 a
n
d
 

co
ll

eg
es

 

N
u
m

b
er

 o
f 

sc
ie

n
ce

 

an
d
 e

n
g
in

ee
ri

n
g
 

d
ep

ar
tm

en
ts

 

N
u
m

b
er

 o
f 

sc
ie

n
ti

fi
c 

an
d
 t

ec
h
n
ic

al
 j

o
u
rn

al
 

ar
ti

cl
es

 

Public spending on 

education 
1.00 0.48 0.50 0.82 0.79 0.34 

Adult literacy rate  1.00 0.26 0.78 0.82 0.29 

Number of university 

students 

 

 
1.00 0.99 0.95 0.30 

Number of universities and 

colleges 

 
    1.00 0.94 0.83 

Number of science and 

engineering departments  

 

   
1.00 0.97 

Number of scientific and 

technical journal articles  

 
    1.00 
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 Table 4.13 presents correlation between the selected explanatory variables and the 

endogenous variables: life expectancy and real government spending on healthcare, per 

capita.
55

 These correlation coefficients are calculated using normalized values of both 

explanatory and endogenous variables.
56

 

As expected, an improvement in government’s initiatives to prevent disease 

epidemic (DPT immunization) is positively correlated with life expectancy. Meanwhile, 

tuberculosis outbreak is negatively correlated with life expectancy. Improved sanitation 

facilities are also positively correlated with life expectancy. The correlation is particularly 

high between improved sanitized facilities and life expectancy (0.91).  

On the demographics front, an imbalance in the sex ratio (more males to females) 

is correlated with lower life expectancy. A larger share of old-age population correlates 

positively with longer life expectancy. Household access to physicians also correlates 

positively with life expectancy. The three variables on education level of Chinese 

households all have a positive relationship with life expectancy.  

 Real government spending on healthcare, per capita, correlates positively with 

DPT immunization, improved sanitation facilities, and number of physicians. 

Government spending on healthcare, as expected, correlates negatively with the number 

of tuberculosis cases. A higher sex ratio is associated with lower government spending on 

healthcare, while an increase in the old-age population correlates positively with 

government spending on healthcare. Government spending on healthcare also shows a 

                                                 
55 The correlation between the lagged values of explanatory variables and endogenous variables are in 

Appendix D. 
56 The normalized values are calculated in the same manner as discussed in the previous section. 
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positive relationship with adult literacy rate, the number of university students, and the 

number of scientific and technical journal articles, although the computed correlation 

coefficients are relatively low.  

Table 4.13 Correlation between Explanatory and Endogenous Variables for Health 

Development 

  

Life 

expectancy 

Real government 

spending on 

healthcare, per capita 

Government’s Initiatives on Disease Control   

DPT immunization 0.25 0.37 

Incidence of tuberculosis -0.39 -0.77 

   

Sanitation Practices in Rural Areas   

Improved sanitation facilities 0.91 0.78 

   

Public Health Accessibility   

Number of physicians 0.73 0.48 

   

Demographics   

Sex ratio ages 0-4 -0.37 -0.52 

 Age dependency ratio, old 0.45 0.69 

   

Education   

Adult literacy rate 0.82 0.26 

Number of university students 0.63 0.33 

Number of scientific and technical journal articles 0.75 0.41 
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4.3.3 Block of Environmental Development 

 For environmental development, we select five indicators as explanatory 

variables.
57

 The selection of variables for environmental development is motivated by the 

work of Jha and Whalley, 1999, where environmental degradation covers various 

elements including industrial emission (measured by gross industrial output in our 

model), urbanization factors (measured by the number of motor vehicles), soil erosion 

(measured by the agricultural land area). These indicators (and their units of 

measurement) are in Table 4.14. Energy use in China contributes directly to many 

pollution problems, including emission of carbon dioxide and sulphur dioxide, and 

related greenhouse effect (Zhang et al., 2009; He et al., 2010). Therefore, we cannot 

study China’s environmental development without monitoring its energy consumption. 

Electricity production from non-oil, non-gas and non-coal sources is a proxy to measure 

the mix of clean energy consumption, which is less harmful to the environment and more 

sustainable in the long run.  

 Gross industrial output characterizes the involvement of the Chinese 

manufacturing sector in producing harmful wastes, including air pollution, water 

contamination and industrial waste disposal. The number of motor vehicles reflects 

various vehicle-emission pollutants caused by the 60 million vehicles in China, especially 

considering low environmental standards required for the Chinese automobile sector.
58

 

Finally, agricultural land area gauges the contribution of China’s agricultural sector to 

                                                 
57 In the macroeconometric model, the explanatory variables are lagged to control for causality in the 

model. 
58 Data for the number of motor vehicles are from 2009 and are collected from China Ministry of Transport. 
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chemical-related contamination and pollution. Details of these explanatory variables are 

in Appendix B. 

Table 4.14 Explanatory Variables for Environmental Development 

Indicator Source 

Energy Consumption  

Energy use, kilograms of oil equivalent per capita World Bank 

Electricity production from non-oil, non-gas and 

non-coal sources, percent of total 

World Bank 

  

Industry-Related  

Gross industrial output, percent of GDP China Department of Industry 

and Transport Statistics 

  

Urbanization-Related  

Number of motor vehicle, per 1,000 people World Bank 

  

Agriculture-Related  

Agricultural land area, percent of land area World Bank 

 

 Similar to the selection of explanatory variables in the previous sections, we 

compute the correlation coefficients among the explanatory variables.  

 For energy consumption, we started with six explanatory indicators:  

 energy use 

 coal consumption 

 petroleum consumption 

 fuel imports 

 electricity production 

 electricity production from non-oil, non-gas and non-coal sources 
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All variables are highly correlated with one another, except for energy use and clean 

energy production, as illustrated in Table 4.15. As a result, we select these two indicators 

as explanatory variables.  

Table 4.15 Correlation between Explanatory Variables for Energy Demand 

Correlation 

Coefficients E
n
er

g
y
 u

se
  

C
o
al

 C
o
n
su

m
p
ti

o
n
  

P
et

ro
le

u
m

 c
o

n
su

m
p
ti

o
n
  

F
u
el

 i
m

p
o
rt

s 
 

E
le

ct
ri

ci
ty

 p
ro

d
u
ct

io
n
  

E
le

ct
ri

ci
ty

 p
ro

d
u
ct

io
n
 

fr
o
m

 n
o
n
-o

il
, 
n
o
n
-g

as
 

an
d
 n

o
n

-c
o
al

 s
o
u
rc

es
 

Energy use  1.00 0.93 0.89 0.97 0.99 0.32 

Coal consumption  
 

1.00 0.92 0.84 0.95 -0.85 

Petroleum 

consumption    
1.00 0.90 0.99 -0.96 

Fuel imports        1.00 0.88 -0.88 

Electricity production  
   

 1.00 0.86 

Electricity production 

from non-oil, non-gas 

and non-coal sources 

     1.00 

 

 For the industry-related environmental development, we selected three 

explanatory variables: gross industrial output, value-added of the industry sector, and 

value-added of heavy industry. We give the correlation coefficients between these 

variables in Table 4.16. Since all indicators are strongly correlated with one another, we 

select one variable, gross industrial output, as the most comprehensive measure for the 

sector. 
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Table 4.16 Correlation between Explanatory Variables for Industry-Related 

Environmental Development 

Correlation Coefficients G
ro

ss
 i

n
d
u
st

ri
al

 

o
u
tp

u
t 

V
al

u
e-

ad
d
ed

 o
f 

th
e 

in
d
u
st

ry
 

se
ct

o
r 

V
al

u
e-

ad
d
ed

 o
f 

h
ea

v
y
 i

n
d
u
st

ry
 

Gross industrial output 1.00 0.99 0.89 

Value-added of the industry 

sector  
1.00 0.96 

Value-added of heavy 

industry   
1.00 

 

 While for energy consumption and industry-related environmental factors we 

selected several indicators, for urbanization- and agriculture-related factors, only one 

indicator is used. 

With the list of explanatory variables finalized for the block of environmental 

development, we compute correlation coefficients between the explanatory and 

endogenous variables: carbon dioxide emission, fertilizer consumption, and solid waste 

disposal. Table 4.17 displays the correlation matrix between the explanatory variables 

and the three endogenous variables for environmental development: per-capita carbon 

dioxide (CO2) emission, fertilizer consumption and per-capita solid waste disposal.
59

  

All correlation coefficients in the table are positive. Carbon dioxide emission is 

found to be strongly correlated with all explanatory variables, with the exception of clean 

energy production. This confirms the gravity of air pollution in different economic 

activities, ranging from energy use to activities related to industry, urbanization and 

                                                 
59 The correlation between the lagged values of explanatory variables and endogenous variables is also 

examined. The results of the correlation are in Appendix D.  
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agriculture. The correlation of carbon dioxide emission is found to be the highest with 

energy use, indicating the severity of air pollution related to China’s energy consumption. 

Carbon dioxide emission has a low correlation with clean energy production, suggesting 

that clean energy production does not contribute to increases in carbon dioxide emission 

in China.  

Fertilizer consumption has the strongest correlation with agricultural land area 

(0.82) as expected. This highlights to the importance of fertilizer usage in Chinese 

agricultural production.  

Table 4.17 Correlation between Explanatory and Endogenous Variables for 

Environmental Development 

  

Carbon Dioxide 

Emission 

Fertilizer 

Consumption 

Solid waste 

disposal 

Energy Consumption 

 

 

 Energy use 0.90 0.53 0.55 

Electricity production from non-oil, 

non-gas and non-coal sources -0.35 -0.18 -0.10 

  

 

 Industry-Related 

 

 

 Gross industrial output 0.73 0.14 0.69 

  

 

 Urbanization-Related 

 

 

 Number of motor vehicles 0.82 0.21 0.34 

  

 

 Agriculture-Related 

 

 

 Agricultural land area 0.71 0.82 0.49 

 

 Extending the model framework in Section 4.2, we add the selected explanatory 

variables to the proposed model setup. Figure 4.3 demonstrates the schema of all 

variables in the model setup. 
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Figure 4.3 Proposed Macroeconomic Model with Selected Indicators 

 

 
 

 

 

4.4 Construction of the Database for the Model and Data Availability 

 The indicators in our dataset come from the following key sources: 

 World Development Indicators from the World Bank 

 World Economic Outlook from the International Monetary Fund 

 Mortality statistics from the World Health Organization 
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 China National Bureau of Statistics 

 China Ministry of Commerce 

 China Ministry of Environmental Protection 

 China Ministry of Finance 

 People’s Bank of China 

Appendix C provides the full list of data series in the database.  

 In our model setup, we have a total of 33 variables, with 7 endogenous variables 

and 26 exogenous variables (Table 4.18). The time frame for all the proposed collected 

time series is from 1980 to 2010.  

 

4.5 Principal Component Analysis for Explanatory Variables 

 We apply the principal component analysis to the explanatory variables before 

incorporating them in the model. The principal component analysis allows us to handle 

the issue of multi-collinearity among the explanatory variables.  

 The principal component analysis has been used extensively in empirical 

research, in fields of social and psychological studies. The method of principal 

component analysis takes variables (which may be interrelated) as inputs and calculates 

corresponding eigenvectors as output. These eigenvectors are mutually independent 

linear combinations of input variables, and have the same overall variance as the sample  
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Table 4.18 Full List of Indicators 

 

 Classification Variable 

E
n

d
o
g

en
o
u

s 

V
a
ri

a
b

le
s 

Economic Development Real GDP per capita  

Economic Development Poverty ratio 

Health Development Life expectancy 

Health Development Government spending on healthcare, per capita 

Environmental Development Carbon dioxide emission, per capita 

Environmental Development Solid waste disposal, per capita 

Environmental Development Fertilizer consumption, per hectare of arable land 

E
x

p
la

n
a
to

ry
 V

a
r
ia

b
le

s 

Macroeconomic and Infrastructure  Value-added of the agricultural sector, percent of GDP 

Macroeconomic and Infrastructure  Irrigated land area, percent of cropland 

Macroeconomic and Infrastructure  Gross construction output, percent of GDP 

Macroeconomic and Infrastructure  Net exports of goods and services, percent of GDP 

Macroeconomic and Infrastructure  
High-technology exports, percent of manufactured 

exports 

Macroeconomic and Infrastructure  
Net inflow of foreign direct investment, percent of 

GDP 

Macroeconomic and Infrastructure  Gross domestic savings, percent of GDP 

Macroeconomic and Infrastructure  Value-added of the service sector, percent of GDP 

Macroeconomic and Infrastructure  Number of Internet users, per 100 people 

Macroeconomic and Infrastructure  Consumer price index, percent change from a year ago 

Macroeconomic and Infrastructure  Exchange rate, Chinese renminbi per US dollar 

Health and Knowledge 
DPT immunization, percent of children aged 12-23 

months 

Health and Knowledge Incidence of tuberculosis, per 100,000 people 

Health and Knowledge 
Improved sanitation facilities, percent of rural 

population with access 

Health and Knowledge Number of physicians, per 1,000 people 

Health and Knowledge 
Adult literacy rate, percent of population aged 15 and 

above 

Health and Knowledge Number of university students, per 10,000 population 

Health and Knowledge 
Number of scientific and technical journal articles, per 

capita 

Energy Energy use, kilograms of oil equivalent per capita 

Energy 
Electricity production from non-oil, non-gas, and non-

coal sources, percent of total 

Energy Gross industrial output, percent of GDP 

Energy Number of motor vehicles, per 1,000 people 

Energy Agricultural land area, percent of land area 
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set of the original variables. We select this method since most variables in our model are 

correlated over time. 

Principal components are canonical forms of linear combinations of interrelated 

variables. Based on findings of the principal component analysis, we can focus on 

understanding the relationships among the endogenous variables. 

 Suppose X1, X2,…., Xm are time series variables, structured in an n  m matrix: 

 (

          

          

   
          

)                     (4.5.1)  

We normalize each variable to: 

     
      

   

                                                                           

where Xit represents variable Xi at time t; and  ̅  is the sample mean of variable Xi, and is 

calculated as 

 ̅   
 

 
∑                                                                                                             

 

   

 

and    
 is the standard deviation of Xi, calculated as 

   
  √

 

 
∑    

 

   

  ̅  
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This will transform our matrix (4.5.1) to a new matrix with normalized values: 

 (

          

          

   
          

)      (4.5.5) 

We denote the matrix in (4.5.5) as X, where X is an n  m matrix with rank r. 

Next, using the singular value decomposition, we can write: 

X = UV        (4.5.6) 

where U is an n  n orthogonal matrix of the left singular vectors,  is an n  m diagonal 

matrix with the singular values on the diagonal, and V is an m  m orthogonal matrix of 

the right singular vectors. 

 For principal component analysis, we start with the corresponding cross-product 

moment matrix for X, denoted as Y in Equation (4.5.7). 

 Y = WW        (4.5.7) 

where W is an m  m matrix of eigenvectors, and  is a diagonal matrix with eigenvalues 

on the diagonal. W is an orthogonal matrix, implying that WW = WW = Im. 

 Elaborating on the individual elements in Equation (4.5.7), let λ1, λ 2,…., λm be 

the eigenvalues on the diagonal in , with descending order of magnitude,  

λ1 > λ 2 > …. > λm. The corresponding eigenvector for each λi in W is 
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    (

   

 
 

   

)                                                                                                          

with αi’αi = 1, αi’αj = 0, and i≠j, 

for i=1,…,m and j=1,…,m. 

 Taking Equation (4.5.6), and the fact that V is an orthogonal matrix, we obtain 

 X = AV        (4.5.9) 

where 

 A = XV        (4.5.10) 

 It should be noted, from Equation (4.5.9), that matrix A represents the set of 

principal components. The individual components, PC1, PC2,…., PCm can therefore be 

estimated as a linear form of the indicators, x1, x2,…., xm and a corresponding 

eigenvector from W, where 

PC1t = α11x1t + α12x2t +…….+ α1mxmt      (4.5.11) 

PC2t = α21x1t + α22x2t +…….+ α2mxmt  

 

PCmt = αm1x1t + αm2x2t +…….+ αmmxmt  

For each principal component, PCi, var(PCi) = λi. 
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 In the above setting, PC1 is the first principal component, which captures the 

highest variance of the x’s, and λ1 is maximized subject to the condition that  

   
     

       
      

 After PC1 is calculated, PC2, the second principal component that captures the 

second largest variance of the x’s, will be evaluated. λ2 is maximized subject to the 

condition that    
     

       
    and α1’α2 = 0. This methodology will be 

applied to find all subsequent principal components.  

 Unlike the original indicators, x1, x2, …, xm, which could be highly correlated, 

PC1, PC2, …, PCm are orthogonal and therefore are mutually uncorrelated. This technique 

allows us to have a large number of explanatory variables without being concerned with 

the collinear trend between these variables. In particular, since we have divided our 

explanatory variables into separate groups, corresponding to the endogenous variables in 

each development area, we run principal component analysis separately within each 

group.  

 In Appendix E, we show the output of the principal component analysis for each 

of the three groups of explanatory variables. 

 

4.6 Construction of a Simultaneous Equations Model with Two-Stage Least Squares 

 The objective of establishing this macroeconometric model is to assess the 

sustainability of China’s long-term economic performance. We introduce a simultaneous 
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equations framework that enables us to measure the interaction among the three main 

blocks of the model: economic, health and environmental development.  

The use of ordinary least squares (OLS) is not suitable for our model framework. 

The indicators that we selected to represent each block of the model are endogenous in 

nature, which violates the crucial OLS exogeneity assumption. To demonstrate that, 

consider the setup of a linear regression model with k explanatory variables with the 

exogeneity assumption: 

                                  (4.6.1) 

E(ε|x1, x2,…,xk) = 0       (4.6.2) 

Equation (4.6.2) ensures that the error term, ε, is uncorrelated with the independent 

variables, x1, x2,…,xk. However, since we measure the feedback of the endogenous 

variables with each other, the recursivity assumption for OLS no longer holds, and using 

OLS will result in biased and inconsistent estimators for model parameters.  

 To handle the issue of endogeneity, we apply the two-stage least square 

methodology. The first step of using the two-stage least squares methodology is to 

identify appropriate variables to be used as instrumental variables (IV). The instrumental 

variables must satisfy the following conditions: 

cov(z, ε) = 0         (4.6.3) 

cov(z, x) ≠ 0         (4.6.4) 
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where x is the original explanatory variable, z is the instrument for the two-stage least 

squares estimator, and ε is the error term in the least squares model. 

 Equation (4.6.3) ensures that the instrumental variable under two-stage least 

squares does not correlate with the error term. At the same time, under Equation (4.6.4), 

the instrumental variables must be correlated with the original explanatory variables. 

Extending the conditions in Equations (4.6.3) and (4.6.4) and taking into 

consideration the original model setting as specified in Equation (4.6.1), we identify an 

instrumental variable, z, such that z is correlated with the original explanatory variable,  , 

but does not correlate with ε, and rewrite Equation (4.6.1) as: 

                                 (4.6.5) 

where 

                     (4.6.6) 

Rewriting Equation (4.6.5):  

                                            (4.6.7) 

Rearranging the components in Equation (4.6.7), we have:  

                                             (4.6.8) 
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 As illustrated by Equation (4.6.8), by using instrumental variables in the two-

stage least squares method, the resulting estimations are consistent and asymptotically 

normal.  

 In addition to conditions specified in Equations (4.6.3) and (4.6.4), a condition to 

satisfy when using two-stage least squares is to ensure that the number of instrumental 

variables must be larger than or equal to the number of explanatory variables. 

 

4.6.1 First Stage of the Estimation Process 

As shown in Section 4.5, we use the principal components for all explanatory 

variables. In the first stage of our estimation technique, we construct equations for each 

endogenous variable, y, on its lagged value, yt-1, the principal components (both at time t 

and t-1) of their corresponding explanatory variables .
60

 To control for correlation 

between the endogenous variables in the model, the lagged values of the endogenous 

variables are used as regressors as well.
61

 The equation setup of the first stage is as 

follows: 

                  ∑   
 
          ∑   

 
         ∑   

 
         , i ≠ j 

         (4.6.9) 

 

                                                 
60 We use the normalized values of the endogenous variables in the least square estimate, since the principal 

components are calculated based on the normalized values as well. 
61 The specification of each equation, namely the selection of endogenous variables as regressors, is 

motivated by existing studies, as shown in Sections 4.2 and 4.3. 
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For example, for real GDP per capita (GDPPC) and poverty ratio (POVERTY), the first 

stage is to estimate an equation for each endogenous variable based on the principal 

components calculated from macroeconomic- and infrastructure-related explanatory 

variables. The equations are structured as follows: 

                                               

    ∑      
 
    ∑        

 
       (4.6.10) 

 

                                                

                ∑       ∑        
 
   

 
    (4.6.11) 

where M’s are the principal components from macroeconomic- and infrastructure-related 

explanatory variables, LE corresponds to life expectancy and GOVHEALTH is 

government spending on healthcare, per capita.  

For life expectancy (LE) and government spending on healthcare 

(GOVHEALTH), the first stage is to estimate a linear equation based on its lagged value, 

the lagged endogenous regressors, and the principal components calculated from health- 

and education-related explanatory variables, which will result in the following first stage 

equations: 

                                                          

            ∑      
 
    ∑        

 
      (4.6.12) 
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                  ∑  
 
   

 
    ∑  

 
     

 
     

      (4.6.13) 

 

where H’s are the principal components from health- and education-related explanatory 

variables, and CO2 is the per-capita carbon dioxide emission.  

Similarly, for carbon dioxide emission, fertilizer consumption and solid waste 

disposal, the corresponding first stage is to estimate a linear equation based on its lagged 

value, the lagged endogenous variables, and the principal components calculated from 

energy-related explanatory variables. The first-stage estimates are constructed as: 

        
 

   
 
         

 
         ∑  

 
   

 
    ∑       

 
    

          (4.6.14) 

               
 

   
 
                

 
         

     ∑  
 
   

 
    ∑        

 
      (4.6.15) 

 

                                    ∑      
 
    ∑        

 
    

          (4.6.16) 

 

where E’s are the principal components from energy-related explanatory variables. 
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 Each first stage equation is estimated with Newey-West estimators to account for 

robust standard errors due to the small sample size. In the estimation process, we 

eliminate insignificant principal components in the least squares estimates based on their 

statistical significance. We check the values of the Durbin-Watson test statistics and 

insert autoregressive and/or moving-average terms in the equation if necessary.  

 

4.6.2 Second Stage of the Estimation Process 

By estimating the equations at the first stage, we obtain the expression for the 

fitted values for each endogenous variable. These fitted values are used at the second 

stage of estimation. The equation setup of the second stage is as follows: 

         ∑   
 
      

   ∑   
 
          ∑   

 
       , i ≠ j (4.6.17) 

where    
  are the fitted values computed at the first stage.  

As specified by Equation (4.6.17), for each endogenous variable, yi, we estimate a 

linear equation using the fitted values of other endogenous variables,   
  , the actual 

lagged values of the same endogenous variables,      , and the principal components as 

combinations of the corresponding explanatory variables. For example, the second-stage 

least-squares estimator for CO2 emission is based on the fitted values of real GDP per 

capita calculated from Equation (4.6.16), the one-period lagged real GDP per capita, and 



105 

the principal components from energy-related indicators. Using this setup for the second-

stage, we estimate equations for each endogenous variable.
62

 

 For economic development, the two endogenous variables are GDP per capita 

(GDPPC) and poverty ratio (POVERTY). The second-stage equation for GDP per capita 

is as follows: 

                
                      

                 

    ∑      
 
         (4.6.18) 

where Mi stands for the principal components from the macroeconomic and infrastructure 

explanatory variables, LE* and GOVHEALTH* are the fitted values of life expectancy 

and government healthcare spending calculated at the first stage by Equations (4.6.12) 

and (4.6.13), respectively. Since these are fitted values that we calculate at the first stage, 

they are uncorrelated with the error terms. The lagged values of LE and GOVHEALTH 

are introduced in the second stage to control for causality. 

 The poverty ratio (POVERTY) at the second stage equation (4.6.19) depends on 

the fitted values of life expectancy (LE*), GDP per capita (GDPPC*), and per-capita 

government spending on healthcare (GOVHEALTH*). When we include GDP per capita 

in the equation, we can measure the impact of average income level in China on the 

poverty level.  

  

                                                 
62 For the endogenous variables, we use the normalized values when computing the second-stage least 

squares estimate. 
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              ∑      

 
     (4.6.19) 

For health development, the two endogenous variables are life expectancy (LE) 

and per-capita government spending on healthcare (GOVHEALTH). As shown in Figure 

4.3, health development is affected by both economic development and environmental 

development. The second-stage equation for life expectancy (LE) is estimated as follows: 

      
 

  
 
      

   
 
          

 
        

   
 
           

    
 
          

   
 
              

 
    

  

    
 
        ∑  

 
   

 
       (4.6.20) 

where GDPPC*, POVERTY*, and CO2* are the respective fitted values for real GDP per 

capita, poverty ratio and carbon dioxide emission. We include the fitted value of 

government spending on healthcare (GOVHEALTH*) to examine the significance of the 

government’s role in promoting long-term health development in China. Hi stands for the 

principal components calculated from the explanatory variables that are related to health 

and education.  

 For per-capita government spending on healthcare (GOVHEALTH), a second-

stage equation is estimated based on the fitted values of economic growth (real GDP per 

capita and the poverty ratio), life expectancy and environmental development (per-capita 

carbon dioxide emission):  
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        ∑      

 
      (4.6.21) 

 As indicated, for environmental development, we use three endogenous variables 

to reflect different aspects of environmental stress in China. Carbon dioxide emission 

(CO2) is used to monitor long-term air pollution. Fertilizer consumption (FERTILIZER) 

affects soil and water pollution, and long-term greenhouse effect. Finally, we use solid 

waste disposal (WASTE) as a measure of urban-related pollution. For each of the 

environmental stress indicators, we postulate that economic development affects 

environmental development.  

 At the second-stage estimation of carbon dioxide emission (CO2), the equation is 

as follows: 

       
 

  
 
      

   
 
          

 
      

   
 
         

  
 
           

   
 
               ∑      

 
     

       (4.6.22) 

where GDPPC* is the fitted value of GDP per capita from the first stage of least squares 

estimate, and Ei represents the principal components formed from energy-related 

explanatory variables. 
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 For fertilizer consumption (FERTILIZER) and waste produced (WASTE), the 

following second-stage equations are estimated: 

              
 

  
 
      

   
 
          ∑  

 
   

 
    (4.6.23) 

                 
             ∑      

 
     (4.6.24) 

Similar to the estimation process for the first stage, when constructing the second-

stage least squares estimators, we use the Newey-West estimators to account for the small 

sample size issue. We remove insignificant principal components, and look at the values 

of the Durbin-Watson test statistics and add autoregressive and/or moving-average terms 

to the equation if necessary. 

 

In closing, we establish a simultaneous equation framework for the purpose of 

examining the impact of China’s long-term economic growth on the country’s health and 

environmental development, and vice versa. In this chapter, we have explained the 

selection of variables (both exogenous and endogenous), the specification of the model, 

and the motivation behind such specification. In the next chapter, we shall review the 

estimation results of the model. 
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CHAPTER 5 

ESTIMATION RESULTS OF THE MACROECONOMETRIC MODEL 

As indicated, we first calculate the principal components for the explanatory 

variables, and use them for estimating the endogenous variables at the first stage of two-

stage least squares. By estimating the equations, we obtain the expression for the fitted 

values of the endogenous variables. At the second stage, we estimate each endogenous 

variable (the three major blocks of the model) using the fitted values of relevant 

endogenous variables and the corresponding principal components. This is to facilitate 

simultaneous feedback between the three blocks of the model. 

In this section, we show the second-stage estimations, which illustrate the 

relationship between the endogenous variables under analysis. In total, we have seven 

endogenous variables: 

 Real GDP per capita (Economic development block) 

 Poverty ratio (Economic development block) 

 Life expectancy (Health development block) 

 Per-capita real government spending on healthcare (Health development block) 

 Per-capita carbon dioxide emission (Environmental development block) 

 Fertilizer consumption per hectare of arable land (Environmental development 

block) 

 Per-capita solid waste disposal (Environmental development block) 
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5.1 Economic Development – Real GDP Per Capita 

 Real GDP per capita (GDPPC) at the second stage is regressed on life expectancy 

(its fitted value, LEt*, from the first-stage estimation, and its lagged value, LEt-1, to 

control for causality), government spending on healthcare (GOVHEALTHt* and 

GOVHEALTHt-1), and the principal components calculated from the macroeconomic and 

infrastructure variables (denoted by the sequence of Mi), as shown in Equation (4.6.18).
63

  

Both life expectancy (LEt*and LEt-1) and per-capita government spending on 

healthcare (GOVHEALTHt*and GOVHEALTHt-1) are found to have a strong positive 

relationship with real GDP in capita. As shown in Table 5.1, the estimates of coefficients 

multiplying life expectancy and per-capita government spending on healthcare are 

statistically significant in the estimated equation, at 1% level.
64

 This confirms that an 

increase in life longevity (measured by life expectancy) is important in boosting 

economic growth in China. At the same time, government policies in strengthening 

healthcare (measured by government spending on healthcare per capita) are also 

beneficial for economic growth.  

To analyze the impact of the explanatory variables on real GDP per capita, we 

choose to base the interpretation on the estimated coefficients that are statistically 

significant.
65

 We calculate the impact of each explanatory variable on the endogenous 

variable by converting the normalized values of both variables back to their original  

  

                                                 
63 A variable denoted with an asterisk (*) refers to the fitted value of the variable calculated from the first-

stage estimation, as shown in Section 4.6.1. The expression for the fitted values of LE*, GOVHEALTH* 

are from first-stage estimations, as shown in Equations (4.6.12) and (4.6.13), respectively. 
64 The Eviews output for estimating real GDP per capita is in Appendix G. 
65 The second-stage estimation of real GDP per capita with only statistically significant coefficients is in 

Appendix G, Table G2.  
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Table 5.1 Impact of Health Development and Macroeconomic Variables on Real 

GDP Per Capita 

Endogenous Regressors/Explanatory 

Variables 

GDPPC 

Health Development  

Life Expectancy, fitted value (LEt*) 0.30*** 

(3.90) 

Life Expectancy, lagged (LEt-1) 0.14*** 

(4.64) 

  

Government Spending on Healthcare, Per 

Capita, fitted value (GOVHEALTHt*) 

0.67*** 

(13.97) 

Government Spending on Healthcare, Per 

Capita, lagged (GOVHEALTHt-1) 

0.21*** 

(3.44) 

  

Principal Components of Macroeconomic- and 

Infrastructure-Related  Explanatory Variables 

M1 0.21** 

(3.36) 

M2 0.92** 

(3.89) 

M3 0.02 

(0.97) 

M4 0.04*** 

(2.84) 

M5 -0.02 

(-1.46) 

  

Constant 0.47*** 

(4.04) 

AR(1) 0.69*** 

(4.24) 

AR(2) -0.31*** 

(-7.49) 

  

Observations 31 

R-squared (adjusted) 0.99 

F-statistic 3231.14 

Durbin-Watson statistic 2.08 

Notes: *** and ** denotes significance at the 1% and 5% level, respectively. 

Heteroskedasticity-robust standard errors are in parentheses. The corresponding Eviews 

output is in Appendix G, Table G1. 
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form. Thus, the impact of a one-unit change in each explanatory variable, xi, on the 

endogenous variable, yi, with an estimated coefficient, ci, is measured as: 

          
      

      
 

(5.1.1) 

where sd stands for the standard deviation of each variable.
66

  

For a one year increase in life expectancy, China’s real GDP per capita is 

expected to increase by 452 yuan in the same year, and 290 yuan in the following year, 

which amount to increases of 2.3% and 1.5%, respectively, if compared against China’s 

current level of real GDP per capita.
67

  

A one-yuan increase in government spending on healthcare per capita is 

associated with a 34-yuan increase in real GDP per capita in the current year, and a 14 

yuan increase in the following year, corresponding to increases of 0.2% and 0.1%, 

respectively, from the current level of real GDP per capita for China.  

Aside from examining the direct relationship between real GDP per capita and 

health development (life expectancy and government spending on healthcare, per capita), 

we also evaluate the effect of macroeconomic- and infrastructure-related explanatory 

variables on real GDP per capita through the estimated coefficient values of their 

principal components. When we sum the products of the estimated coefficient values for 

the sequence of Mi and their corresponding eigenvalues, this gives the partial elasticity of 

real GDP per capita with respect to each explanatory variable. We verify that real GDP 

                                                 
66 The standard deviation of the endogenous variables is in Appendix A, Table A2. 
67 The standard deviation of real GDP per capita is 5,296 yuan. The estimated coefficient values for LE* 

and LEt-1 are 0.41 and 0.24, respectively (Appendix G, Table G2). Thus, the impact of life expectancy on 

real GDP per capita is calculated as 0.21 X 5296.47 X 2.49 = 452.20 in the same year, and 0.14 X 5296.47 

X 2.49 = 289.66 in the following year. 
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per capita responds to each explanatory variable in the direction as expected, by looking 

at the signs of the partial elasticities. We also investigate if real GDP per capita responds 

to any particular explanatory variables more than to others.  

For LE* and GOVHEALTH*, their fitted values are formed from the first-stage 

estimation of two-stage least squares.
68

 As such, we can substitute the expression for LE* 

and GOVHEALTH* from the first-stage estimation, and obtain the reduced-form 

equations. It should be noted that, for the purpose of calculating the partial elasticities, we 

use only the estimated coefficients that are statistically significant at the 5% level.  

For real GDP per capita, by substituting the fitted values of LE* and 

GOVHEALTH* from Equations (4.6.12) and (4.6.13), respectively, we obtain the 

following reduced-form equation:
69

 

                                                     

 

                                                  

 

                                              

 

                          ∑         

 

   

 ∑         

 

   

 

 

          (5.1.2) 

where Mi are the principal components for macroeconomic- and infrastructure-related 

explanatory variables, and Hi are those for health- and education-related variables. 

                                                 
68 The Eviews output of first-stage estimation of two-stage least squares are in Appendix F. For each 

endogenous variable, we present the first-stage estimations with 1) all explanatory variables and their 

coefficients and 2) the explanatory variables and their coefficients that are statistically significant at the 5% 

level.  
69 We simplify the expressions for the constant, the AR and MA terms, since we are interested in 

understanding the relationship between the endogenous variables and the explanatory variables. This 

simplification is used in all subsequent reduced-form equations. 
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 Equation (5.1.2) shows that the principal components from macroeconomic- and 

infrastructure-related explanatory variables and those from health- and education-related 

explanatory variables (and their lagged values), denoted by the sequences of Mi and Hi, 

respectively, are statistically significant in explaining real GDP per capita. Tables 5.2 and 

5.3 show the calculated partial elasticities of these explanatory variables. 

It should be noted that, real GDP per capita responds positively to all explanatory 

variables, with the exception of value-added of the agricultural sector, consumer price 

index, and incidence of tuberculosis. The direction of response for real GDP per capita to 

each explanatory variable is as expected. An increase in most economic activities, 

including construction output, net exports and services, contributes to a higher real GDP 

per capita. The partial elasticity for value-added of the agricultural sector is found to be 

negative, where rising economic development is associated with a smaller share of 

agricultural activities in GDP. In contrast, technological improvement in the agricultural 

sector, represented by irrigated land area, is associated with a higher level of economic 

development, corresponding to its positive partial elasticity value. The positive partial 

elasticity of the Chinese renminbi validates the finding that the positive effect of the 

currency depreciation on Chinese exports outweighs the negative effect of eroding 

Chinese households’ purchasing power. 

 Increases in capital market variables, including net inflow of FDI and domestic 

savings, are expected to support a higher real GDP per capita, as shown by the positive 

values of their partial elasticities. An increase in the number of internet users is also  
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Table 5.2 Partial Elasticity of Real GDP Per Capita with respect to Macroeconomic- 

and Infrastructure-Related Explanatory Variables 

Explanatory variable Partial elasticity 

Agricultural Sector 

 Value-added of the agricultural sector -0.006830 

Irrigated land area 0.106663 

 
 

Construction  

Gross construction output 0.249543 

 
 

Manufacturing and Trade  

Net exports of goods and services 0.229197 

High-technology exports 0.203742 

 
 

Capital Market  

Net inflow of foreign direct investment 0.393573 

Gross domestic savings 0.172201 

 
 

Service Sector  

Value-added of the service sector 0.022975 

 
 

Communications  

Number of Internet users 0.417699 

 
 

Financial Market  

Consumer price index  -0.458743 

Exchange rate 0.227599 
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Table 5.3 Partial Elasticity of Real GDP Per Capita with respect to Health- and 

Education-Related Explanatory Variables 

Explanatory variable Partial elasticity  Lagged partial 

elasticity 

Government’s Initiatives on Disease Control   

DPT immunization 0.038161 0.005316 

Incidence of tuberculosis -0.018773 -0.005169 

   

Sanitation Practices in Rural Areas   

Improved sanitation facilities 0.030398 0.001773 

   

Demographics   

Sex ratio aged 0-4 -0.000131 0.006223 

Old-age dependency ratio 0.033969 -0.002693 

   

Public Health Accessibility   

Number of physicians 0.002786 0.000549 

   

Education   

Public spending on education 0.027467 0.009488 

Adult literacy rate 0.036688 0.002349 

Number of university students 0.034577 0.002319 

Number of scientific and technical journal 

articles 

0.032162 0.001488 
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estimated to contribute to higher real GDP per capita. Meanwhile, a macroeconomic 

environment with lower inflation and higher exchange rate (depreciation) of the Chinese 

renminbi benefits output per capita.
70

  

Health-related improvement, including DPT immunization, improved sanitation 

facilities, and the number of physicians, contributes to rising real GDP per capita, as 

given by the positive signs of their partial elasticities. An increase in tuberculosis 

outbreak, however, is likely to lower real GDP per capita.  

 Demographic changes, however, have slightly different impact on real GDP per 

capita. The partial elasticity of real GDP per capita with respect to the sex ratio is found 

to be negative in the same time period, but positive when the sex ratio is lagged by one 

year. This could point to the conflicting effect of the sex ratio on real GDP per capita, 

where gender imbalance, on one hand, puts downward pressure on economic growth, but 

on the other hand, might cause behavioral changes such as households working more and 

saving more under a competitive marriage environment.  

 Similarly, the partial elasticity of real GDP per capita with respect to the old-age 

dependency ratio is found to be positive in the same time period, but negative when the 

ratio is lagged by one year. Older demographics impose a heavier burden on the 

country’s economic growth, but as Chamon et al. (2010) pointed out, older demographics 

also translates to increases in precautionary savings, as a result of future income 

uncertainty and a decline in pension benefits in China.  

                                                 
70 The result about the exchange rate seems to be a contradiction, since the depreciation of the currency 

reduces the purchasing power of the average Chinese. However, a resulting increase in exports and 

employment probably dominates in this case. 
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Education-related improvement, including more public spending on education, 

higher adult literacy rate, an increase in the number of university students, and more 

scientific and technical journal articles, leads to increases in real GDP per capita. In sum, 

improvement in both healthcare and education are shown to be beneficial to GDP per 

capita, as healthier and more educated workers contribute to more output.  

When examining the importance of explanatory variables to GDP growth, we find 

that real GDP per capita responds the most to inflation, measured by the consumer price 

index, with a partial elasticity of -0.46. Improvements in communication infrastructure, 

represented by the number of Internet users, and net FDI inflows, are also important to 

economic growth, with partial elasticities of 0.42 and 0.39, respectively. Other important 

macroeconomic variables include gross construction output, net exports of goods and 

services, exchange rate, and high-technology exports, all with partial elasticities bigger 

than 0.20.  

 It should be noted that changes in macroeconomic- and infrastructure-related 

variables have a greater effect on real GDP per capita than health- and education-related 

variables, based on the magnitude of the partial elasticities. This reflects the direct 

relationship between macroeconomic-, infrastructure-related variables on real GDP per 

capita, on the one hand, and on the other, the impact of health- and education-related 

variables works indirectly through long-term health development of Chinese workers.  

 In addition, we find that improvements in education infrastructure have a stronger 

effect on economic development than improvements in healthcare, based on the 

comparison of partial elasticities.  
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5.2 Economic Development – Poverty Ratio 

 At the second-stage estimation, the poverty ratio (POVERTY) is regressed on real 

GDP per capita (GDPPCt* and GDPPCt-1), life expectancy (LEt* and LEt-1), government 

spending on healthcare (GOVHEALTHt* and GOVHEALTHt-1), and the principal 

components calculated from macroeconomic- and infrastructure-related variables 

(denoted by the sequence of Mi). 

 Table 5.4 gives the estimation results for the poverty ratio. We find that an 

improvement in real GDP per capita (GDPPCt* and GDPPCt-1) reduces the poverty ratio. 

The estimated coefficients of GDPPCt* and GDPPCt-1 are both statistically significant at 

5% level. Similarly, an increase in government spending on healthcare, per capita, is 

found to be negatively associated with the poverty ratio, with coefficients that are highly 

significant as well for both GOVHEALTHt* and GOVHEALTHt-1). The impact of life 

expectancy is found to be positive on real GDP per capita in the same period, but 

negative when lagged, but the estimated coefficients are both statistically insignificant. 

 The estimated coefficient values of -0.72 and -0.71 for GDPPCt* and GDPPCt-1 

imply that for a one-yuan increase in real GDP per capita, the poverty ratio falls by 0.003 

percentage point in the same year, and the following year as well. This translates to about 

a reduction of poverty headcount by 39,000 persons each year.
71

  

 Meanwhile, for a one-yuan increase in government spending on healthcare per 

capita, the poverty ratio is expected to decline by 0.0008 percentage point in the same 

year, to be followed by a similar magnitude of decline (slightly lower at the fourth  

  

                                                 
71 The two-stage least-squares estimators with only statistically significant coefficients for the poverty ratio 

are in Appendix G, Table G4. 
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Table 5.4 Impact of Health Development, Real GDP Per Capita and Macroeconomic 

Variables on the Poverty Ratio 

Endogenous Regressors/Explanatory Variables POVERTY 

Economic Development  

Real GDP Per Capita, fitted value (GDPPCt*) -0.66** 

(-3.08) 

Real GDP Per Capita, fitted value (GDPPCt-1) -0.82*** 

(-2.53) 

  

  

Health Development  

Life Expectancy, fitted value (LEt*) 2.51 

(1.42) 

Life Expectancy, lagged (LEt-1) -2.29 

(-1.24) 

  

Government Spending on Healthcare, Per 

Capita, fitted value (GOVHEALTHt*) 

-0.01*** 

(-2.96) 

Government Spending on Healthcare, Per 

Capita, lagged (GOVHEALTHt-1) 

-0.01** 

(-3.24) 

  

Principal Components of Macroeconomic- and Infrastructure-

Related  Explanatory Variables 

M1 -0.04** 

(-2.35) 

M2 -0.01** 

(-3.14) 

M3 0.09 

(0.38) 

M4 -0.03** 

(-1.99) 

M5 0.00 

(-0.11) 

  

Constant 0.48 

(1.92) 

MA(1) 0.75*** 

(4.18) 

  

Observations 31 

R-squared (adjusted) 0.99 

F-statistic 682.09 

Durbin-Watson statistic 1.89 

Notes: *** and ** denotes significance at the 1% and 5% level, respectively. 

Heteroskedasticity-robust standard errors are in parentheses. The corresponding Eviews 

output is in Appendix G, Table G3.  
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decimal point) in the following year. This corresponds to headcounts of 11,000 and 

8,700, respectively, in the two years. Thus, for China, both economic growth and 

government spending on healthcare are key factors in determining the country’s poverty 

population. 

 Using the same methodology as in Section 5.1, we derive the reduced-form 

equation for the poverty ratio, where we substitute the expressions of GDPPC* and 

GOVHEALTH* from Equations (4.6.10) and (4.6.13), respectively. As shown in 

Equation (5.2.1), the poverty ratio is determined by lagged values of real GDP per capita 

(GDPPCt-1), life expectancy (LE t-1), and government spending on healthcare per capita 

(GOVHEALTHt-1). Principal components of macroeconomic-, infrastructure-related 

variables (denoted by Mi in Equation (5.2.1)), and health-, knowledge-related variables 

(Hi) are also important in determining China’s poverty ratio. Tables 5.5 and 5.6 show the 

partial elasticity of the poverty ratio with respect to these variables. The signs of these 

partial elasticities are mostly intuitive. Variables that are positively associated with 

economic growth and health development are found to show a negative partial elasticity 

for the poverty ratio, and vice versa. The same signs are found for the variables when 

they are lagged by one year.  

                                                       

 

                                                

 

                      ∑         

 

   

 ∑         

 

   

 

 

          (5.2.1) 
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Table 5.5 Partial Elasticity of the Poverty Ratio with respect to Macroeconomic- 

and Infrastructure-Related Explanatory Variables 

Explanatory variable Partial elasticity 

Lagged partial 

elasticity 

Agricultural Sector 

 

 

Value-added of the agricultural sector 0.028551 0.000748 

Irrigated land area 0.010168 0.007806 

 
 

 

Construction 

 

 

Gross construction output -0.036259 -0.000391 

 
 

 

Manufacturing and Trade 

 

 

Net exports of goods and services -0.034942 -0.001805 

High-technology exports -0.039668 -0.001749 

 
 

 

Capital Market 

 

 

Net inflow of foreign direct investment -0.014975 -0.004554 

Gross domestic savings -0.047569 -0.004599 

 
 

 

Service Sector 

 

 

Value-added of the service sector -0.034314 -0.002901 

 
 

 

Communications 

 

 

Number of Internet users -0.043262 -0.002138 

 
 

 

Financial Market 

 

 

Consumer price index  0.059978 0.009384 

Exchange rate -0.016025 -0.000860 

 

 The comparison of partial elasticities in Tables 5.2 (for real GDP per capita) and 

5.5 (for the poverty ratio) indicates that real GDP per capita is more sensitive to changes 

in the macroeconomic- and infrastructure-related explanatory variables than the poverty 

ratio. The reason is that explanatory variables affect real GDP per capita directly, but 

indirectly, the poverty ratio. We find the same outcome when comparing the partial 

elasticities of real GDP per capita and the poverty ratio with respect to health- and 



123 

education-related variables. Indeed, for all partial elasticities in Tables 5.5 and 5.6, their 

values are found to be at the second decimal point.  

 We also find that the poverty ratio responds more to changes in real GDP per 

capita and government spending on healthcare than to changes in the principal 

components. This confirms the importance of economic growth and government policies 

in determining the country’s poverty, while the impact of infrastructure improvement is 

indirectly though changes in economic growth.  

Table 5.6 Partial Elasticity of the Poverty Ratio with respect to Health- and 

Education-Related Explanatory Variables 

Explanatory variable Partial elasticity 

Lagged partial 

elasticity 

Government’s Initiatives on Disease Control 

 

 

DPT immunization -0.000196 -0.000031 

Incidence of tuberculosis 0.000102 -0.000031 

   

Sanitation Practices in Rural Areas   

Improved sanitation facilities -0.000162 -0.000009 

   

Demographics   

Sex ratio aged 0-4 -0.000009 -0.000038 

Old-age dependency ratio -0.000215 -0.000020 

   

Public Health Accessibility   

Number of physicians -0.000011 0.000000 

   

Education   

Public spending on education -0.000146 -0.000053 

Adult literacy rate -0.000200 -0.000013 

Number of university students -0.000186 -0.000012 

Number of scientific and technical journal 

articles 

-0.000166 -0.000007 
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5.3 Health Development – Life Expectancy 

 At the second-stage estimation, we initially regressed life expectancy (LE) on 

eight endogenous variables: real GDP per capita (GDPPC
*
 and GDPPCt-1), the poverty 

ratio (POVERTY
*
 and POVERTYt-1), government spending on healthcare per capita 

(GOVHEALTH
*
 and GOVHEALTHt-1), and carbon dioxide emission per capita (CO2

*
 

and CO2t-1).
72

 The purpose was to analyze how economic growth, environmental stress, 

and government spending on healthcare determine the long-term health status of workers 

in China. In addition, we include principal components calculated from the health- and 

education-related explanatory variables, denoted by the sequence of Hi. The setup of the 

second-stage least squares estimation is in Equation (4.6.20), and Table 5.7 shows the 

estimation results.  

 The estimated coefficients of real GDP per capita (GDPPC
*
 and GDPPCt-1) are 

both statistically significant, at 1% level. The positive values of these coefficients, at 

84.54 and 64.24, respectively, mean that a one-yuan increase in China’s real GDP per 

capita is associated with life expectancy increases of 0.04 and 0.03 year, respectively, in 

the same year and the year ahead.
73

 The increase is equivalent to 0.5 and 0.4 month, 

respectively, from the current level of life expectancy in China. 

 The country’s poverty level, however, does not play a role in explaining life 

expectancy. As shown in Table 5.7, although the estimated coefficients for the poverty  

  

                                                 
72 GDPPC*, POVERTY*, LE*, and CO2* are the fitted values using the first-stage estimators, given in 

Equations (4.6.10), (4.6.11), (4.6.12) and (4.6.14), respectively. 
73 The estimated coefficient values are from the second-stage estimation with only statistically significant 

coefficients, which are in Appendix G, Table G6. 
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Table 5.7 Impact of Economic, Health and Environmental Development on Life 

Expectancy 

Endogenous Regressors/Explanatory Variables LE 

Economic Development  

Real GDP Per Capita, fitted value (GDPPCt*) 83.40** 

(3.83) 

Real GDP Per Capita, fitted value (GDPPCt-1) 65.15** 

(2.31) 

Poverty Ratio, fitted value (POVERTYt*) -0.22 

(-0.82) 

Poverty Ratio, fitted value (POVERTYt-1) -0.17 

(-1.26) 

  

Health Development  

Government Spending on Healthcare, Per 

Capita, fitted value (GOVHEALTHt*) 

0.79 

(0.67) 

Government Spending on Healthcare, Per 

Capita, lagged (GOVHEALTHt-1) 

0.25*** 

(3.33) 

  

Environmental Development  

Carbon Dioxide Emission, fitted value (CO2t*) -0.60** 

(-3.36) 

Carbon Dioxide Emission, lagged (CO2t-1*) -0.01 

(-0.15) 

  

Principal Components of Health- and Education-Related 

Explanatory Variables 

H1 -0.34** 

(-3.55) 

H2 0.05 

(1.35) 

H3 0.02 

(0.72) 

H4 0.04*** 

(5.68) 

H5 -0.04 

(-0.73) 
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Table 5.7 Impact of Economic, Health and Environmental Development on Life 

Expectancy (continued) 

Endogenous Regressors/Explanatory Variables LE 

Constant -4117.51*** 

(-10.50) 

  

Observations 31 

R-squared (adjusted) 0.99 

F-statistic 2227.32 

Durbin-Watson statistic 2.17 

Notes: *** and ** denotes significance at the 1% and 5% level, respectively. 

Heteroskedasticity-robust standard errors are in parentheses. The corresponding Eviews 

output is in Appendix G, Table G5. 

 

 

ratio are negative for both POVERTY
*
 and POVERTYt-1, they are both insignificant in 

second-stage estimators for life expectancy. This outcome confirms the bilateral 

relationship between economic growth and life expectancy in China. An increase in life 

expectancy will likely lead to higher output per capita in the long run, and vice versa. 

Income distribution in China (as measured by the poverty ratio), however, is largely 

determined by the country’s economic growth.  

 Government spending on healthcare is found to have a delayed positive effect on 

life expectancy. While the estimated coefficient for GOVHEALTHt-1 is significant at a 

1% level, the one for GOVHEALTH
*
 is not. The 0.21 value of the estimated coefficient 

for GOVHEALTHt-1 means that, when government spending on healthcare goes up by 1 

yuan per person, life expectancy is expected to increase by 0.006 year (about 2 days 

based on the current life expectancy in China).  

 For carbon dioxide emission per capita, as shown in Table 5.7, its estimated 

coefficient for the same year (CO2
*
) is negative and is significant at the 5% level. The 

coefficient for the lagged value (CO2 t-1) is negative as well, but is insignificant in 
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explaining life expectancy. When we convert the values of life expectancy and carbon 

dioxide emission per capita from normalized values to their original forms, the -0.57 

coefficient value for CO2
*
 implies that when carbon dioxide emission increases by 1 

metric ton per capita, the average Chinese households’ life span will decrease by 0.02 

year.  

 We rewrite the second-stage estimation for life expectancy in its reduced form 

(Equation (5.3.1)), by substituting the expressions for GDPPC
*
 and CO2

*
 from Equations 

(4.6.10) and (4.6.14), respectively. This allows us to calculate the partial elasticities of 

life expectancy with respect to the explanatory variables (Tables 5.8, 5.9 and 5.10). 
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          (5.3.1) 

where Mi are the principal components for macroeconomic- and infrastructure-related 

variables, Hi are those for health- and education-related variables, and Ei are for energy-

related variables. 

 The signs of the partial elasticities are all as expected. Improvements in 

macroeconomic- and infrastructure-related variables support stronger economic growth, 

and, in turn, lead to longer life expectancy.   
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Table 5.8 Partial Elasticity of Life Expectancy with respect to Macroeconomic- and 

Infrastructure-Related Explanatory Variables 

Explanatory variable Partial elasticity 

Lagged partial 

elasticity 

Agricultural Sector 

 

 

Value-added of the agricultural sector -0.02389 -0.00151 

Irrigated land area -0.01728 -0.01572 

 
 

 

Construction 

 

 

Gross construction output 0.02266 0.00079 

 
 

 

Manufacturing and Trade 

 

 

Net exports of goods and services 0.02055 0.00363 

High-technology exports 0.02563 0.00352 

 
 

 

Capital Market 

 

 

Net inflow of foreign direct investment 0.02140 0.00917 

Gross domestic savings 0.03030 0.00926 

 
 

 

Service Sector 

 

 

Value-added of the service sector 0.02744 0.00584 

 
 

 

Communications 

 

 

Number of Internet users 0.02091 0.00431 

 
 

 

Financial Market 

 

 

Consumer price index  -0.02562 -0.01889 

Exchange rate 0.02091 0.00173 
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Table 5.9 Partial Elasticity of Life Expectancy with respect to Health- and 

Education-Related Explanatory Variables 

Explanatory variable Partial elasticity 

Government’s Initiatives on Disease Control 

 DPT immunization 0.11023 

Incidence of tuberculosis -0.09972 

  

Sanitation Practices in Rural Areas  

Improved sanitation facilities 0.06967 

  

Demographics  

Sex ratio aged 0-4 -0.08080 

Old-age dependency ratio 0.08647 

  

Public Health Accessibility  

Number of physicians 0.04280 

  

Education  

Public spending on education 0.04341 

Adult literacy rate 0.09365 

Number of university students 0.08837 

Number of scientific and technical journal 

articles 

0.09293 

 

 

Table 5.10 Partial Elasticity of Life Expectancy with respect to Energy-Related 

Explanatory Variables 

Explanatory variable Partial elasticity 

Lagged partial 

elasticity 

Energy Consumption 

 

 

Energy use -0.314836 -0.227611 

Electricity production from non-oil, non-gas and 

non-coal sources 

0.112075 0.089522 

   

Industry-Related   

Gross industrial output -0.324702 -0.232800 

   

Urbanization-Related   

Number of motor vehicle -0.025352 -0.026230 

   

Agriculture-Related   

Agricultural land area 0.022050 0.029316 
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 Improvements in public health, including more DPT immunization, better 

sanitation facilities and increases in the number of physicians, are expected to contribute 

to longer life expectancy in China. The increase in old-age dependency ratio is also 

associated with longer life expectancy. However, a rise in incidence of tuberculosis and a 

distorted sex ratio both reduce life expectancy.  

 Education improvements, represented by a higher adult literacy rate, increases in 

public spending on education, a rise in the number of university students, and increases in 

the number of technical journal articles, are estimated to result in longer life expectancy.  

 Factors contributing to higher environmental stress, such as the energy use, gross 

industrial output, and the number of motor vehicles reduce life expectancy in China, 

while clean energy production (represented by electricity production from non-oil, non-

gas and non-coal sources) and an increase in agricultural activities (represented by 

agricultural land area) have a positive impact on life expectancy. 

 Among all the explanatory variables, those that are related to China’s industrial 

production, construction and investment are found to have larger partial elasticities for 

life expectancy than those that are unrelated. This includes high-technology exports, 

gross construction output, gross domestic savings and net FDI inflows. 
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5.4 Health Development – Government Spending on Healthcare Per Capita 

 The second-stage equation for estimating government spending on healthcare per 

capita is similar to that of life expectancy. We started with eight endogenous variables - 

real GDP per capita (GDPPC
*
 and GDPPCt-1), the poverty ratio (POVERTY

*
 and 

POVERTYt-1), government spending on healthcare per capita (GOVHEALTH
*
 and 

GOVHEALTHt-1), and carbon dioxide emission per capita (CO2
*
 and CO2t-1) – in 

addition to the principal components for health- and education-related explanatory 

variables. 

 Table 5.11 gives the estimation results. Four of the eight coefficients multiplying 

the endogenous variables are found to be statistically significant at 5% in explaining 

government spending on healthcare per capita. These coefficients are for real GDP per 

capita (GDPPC
*
 and GDPPCt-1) and carbon dioxide emission per capita (CO2

*
 and  

CO2t-1).  

 Real GDP per capita is expected to have a positive impact on government 

spending on healthcare. The 30.68 and 29.83 coefficient values suggest that when real 

GDP per capita increases by 1 yuan, the Chinese government is likely to increase its per-

capita healthcare spending by 0.50 yuan in the same year, to be followed by 0.49 yuan in 

the next year.
74

 Meanwhile, for each metric ton increase in carbon dioxide emission per 

capita, government spending on healthcare will go up by 39.50 in the same year, and 

23.47 yuan in the following year.  

  

                                                 
74 The estimated coefficient values are in Appendix G, Table G8. 
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Table 5.11 Impact of Economic, Health and Environmental Development on 

Government Spending on Healthcare, Per Capita 

Endogenous Regressors/Explanatory Variables GOVHEALTH 

Economic Development  

Real GDP Per Capita, fitted value (GDPPCt*) 31.22** 

(2.58) 

Real GDP Per Capita, fitted value (GDPPCt-1) 25.29*** 

(6.21) 

Poverty Ratio, fitted value (POVERTYt*) 0.49 

(1.27) 

Poverty Ratio, fitted value (POVERTYt-1) 0.65 

(1.59) 

  

Health Development  

Life Expectancy, fitted value (LEt*) 2.44 

(1.12) 

Life Expectancy, lagged (LEt-1) -2.34 

(-0.91) 

  

Environmental Development  

Carbon Dioxide Emission, fitted value (CO2t*) 0.60** 

(2.18) 

Carbon Dioxide Emission, lagged (CO2t-1*) 0.51** 

(3.13) 

  

Principal Components of Health- and Education-Related 

Explanatory Variables 

H1 -0.17** 

(-2.72) 

H2 0.03 

(0.44) 

H3 0.03** 

(3.62) 

H4 0.01 

(0.42) 

H5 0.04 

(0.61) 
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Table 5.11 Impact of Economic, Health and Environmental Development on 

Government Spending on Healthcare, Per Capita (continued) 

Endogenous Regressors/Explanatory Variables GOVHEALTH 

Constant -4622.29 

(-1.42) 

  

Observations 31 

R-squared (adjusted) 0.99 

F-statistic 327.47 

Durbin-Watson statistic 1.96 

Notes: *** and ** denotes significance at the 1% and 5% level, respectively. 

Heteroskedasticity-robust standard errors are in parentheses. The corresponding Eviews 

output is in Appendix G, Table G7. 

 

 For the poverty ratio, both POVERTY
*
 and POVERTYt-1, are accompanied by 

positive coefficient values, indicating that a rise in poverty requires more government 

spending on healthcare per capita. The relationship, however, is not statistically 

significant. Life expectancy is found to, first, reduce government spending on healthcare 

in the same year, and then, leads to higher spending. The estimated coefficients for life 

expectancy, however, are not significant as well. 

 We derive the reduced-form equation for government spending on healthcare in 

the same manner as in previous sections and calculate the partial elasticities of 

government spending on healthcare with respect to the explanatory variable. Equation 

(5.4.1) gives the reduced-form representation for GOVHEALTH, and Tables 5.12 – 5.14 

show the partial elasticities.  
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          (5.4.1) 

 The signs of the partial elasticities are same as expected. The relationship between 

government spending on healthcare per capita and macroeconomic- and infrastructure-

related variables is governed by an indirect channel via real GDP per capita. As such, 

increases in variables that benefit real GDP per capita also help support rising 

government healthcare spending on a per-capita basis, and vice versa. Improvements in 

public healthcare, ranging from DPT immunization, improved sanitation facilities, and 

more physicians, require higher government spending on healthcare. An increase in 

pollution factors, such as higher energy use, more industrial output, and increases in the 

number of motor vehicles, leads to more carbon dioxide emission and, thus, puts pressure 

on the Chinese government to spend more in healthcare. It should be noted that, the 

partial elasticities for education-related variables are all positive (Table 5.13), reflecting 

that the two categories of government spending – healthcare and education – do not show 

signs of crowding out each other. 
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Table 5.12 Partial Elasticity of Government Spending on Healthcare, Per Capita, 

with respect to Macroeconomic- and Infrastructure-Related Explanatory Variables 

Explanatory variable Partial elasticity 

Lagged partial 

elasticity 

Agricultural Sector 

 

 

Value-added of the agricultural sector -0.504035 -0.031758 

Irrigated land area -0.364601 -0.331550 

 
  

Construction   

Gross construction output 0.477947 0.016627 

 
  

Manufacturing and Trade   

Net exports of goods and services 0.433432 0.076677 

High-technology exports 0.540745 0.074285 

 
  

Capital Market   

Net inflow of foreign direct investment 0.451412 0.193397 

Gross domestic savings 0.639164 0.195324 

 
  

Service Sector   

Value-added of the service sector 0.578927 0.123211 

 
  

Communications   

Number of Internet users 0.441192 0.090819 

 
  

Financial Market   

Consumer price index  -0.540472 -0.398570 

Exchange rate 0.441078 0.036541 
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Table 5.13 Partial Elasticity of Government Spending on Healthcare, Per Capita, 

with respect to Health- and Education-Related Explanatory Variables 

Explanatory variable Partial elasticity 

Government’s Initiatives on Disease Control 

 DPT immunization 0.054158 

Incidence of tuberculosis -0.047923 

  

Sanitation Practices in Rural Areas  

Improved sanitation facilities 0.051945 

  

Demographics  

Sex ratio aged 0-4 -0.013168 

Old-age dependency ratio 0.065174 

  

Public Health Accessibility  

Number of physicians 0.003842 

  

Education  

Public spending on education 0.027521 

Adult literacy rate 0.062925 

Number of university students 0.058678 

Number of scientific and technical journal 

articles 

0.053881 

 

 

Table 5.14 Partial Elasticity of Government Spending on Healthcare, Per Capita, 

with respect to Energy-Related Explanatory Variables 

Explanatory variable Partial elasticity 

Lagged partial 

elasticity 

Energy Consumption 

 

 

Energy use 0.334504 0.241830 

Electricity production from non-oil, non-gas and 

non-coal sources 

-0.119076 -0.095114 

   

Industry-Related   

Gross industrial output 0.344986 0.247343 

   

Urbanization-Related   

Number of motor vehicle 0.026936 0.027869 

   

Agriculture-Related   

Agricultural land area -0.023428 -0.031148 
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5.5 Environmental Development – Carbon Dioxide Emission Per Capita 

 For carbon dioxide emission, the focus is to evaluate how economic development 

contributes to more environmental stress. In the previous sections, we demonstrate that a 

deterioration in environmental development, led by higher carbon dioxide emission, has a 

negative impact on the long-term health outlook for China.  

 At the second-stage estimation, carbon dioxide emission (CO2) is regressed on 

real GDP per capita (GDPPC* and GDPPCt-1), the poverty ratio (POVERTY* and 

POVERTYt-1), solid waste disposal (WASTE* and WASTEt-1), fertilizer consumption 

(FERTILIZER* and FERTILIZERt-1), and the principal components calculated from 

energy-related explanatory variables (denoted by the sequence of Ei).
75

 Solid waste 

disposal and fertilizer consumption enables us to examine the impact of these two 

pollutants on carbon dioxide emission. Table 5.15 gives the second-stage estimation 

output. 

 The coefficients multiplying lagged values are found to be all statistically 

insignificant, suggesting that the impact of the explanatory variables on carbon dioxide 

emission transpire without much delay. For economic development, the estimated 

coefficient for real GDP per capita (GDPPC*) is positive and significant at the 5% level, 

while the one for the poverty ratio (POVERTY*) is negative but insignificant. By using 

the methodology in Equation (5.1.1), the 0.03 coefficient value for GDPPC* means that, 

when real GDP per capita increases by 1 yuan, carbon dioxide emission will go up by  

  

                                                 
75 GDPPC*, POVERTY*, FERTILIZER* and WASTE* are expressions for the fitted values from the first-

stage estimation. Their equation are given by Equations (4.6.10), (4.6.11), (4.6.15) and (4.6.16), 

respectively.  
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Table 5.15 Impact of Economic and Environmental Development on Carbon 

Dioxide Emission, Per Capita 

Endogenous Regressors/Explanatory Variables CO2 

Economic Development  

Real GDP Per Capita, fitted value (GDPPCt*) 0.08** 

(3.74) 

Real GDP Per Capita, fitted value (GDPPCt-1) -0.35 

(-1.06) 

Poverty Ratio, fitted value (POVERTYt*) -0.17 

(-0.71) 

Poverty Ratio, fitted value (POVERTYt-1) -0.02 

(-0.17) 

  

Environmental Development  

Solid Waste Disposal, fitted value (WASTEt*) 95.08** 

(4.70) 

Solid Waste Disposal, lagged (WASTEt-1*) -0.08 

(-0.91) 

Fertilizer Consumption, fitted value 

(FERTILIZERt*) 

0.07 

(0.99) 

Fertilizer Consumption, lagged (FERTILIZERt-

1*) 

-0.01 

(-0.04) 

  

Principal Components of Health- and Education-Related 

Explanatory Variables 

E1 0.72*** 

(10.91) 

E2 0.22*** 

(4.37) 

E3 0.36*** 

(5.55) 

E4 -0.28*** 

(-5.26) 

E5 -0.05 

(-0.30) 

  

Constant -1494.81 

(-3.27) 
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Table 5.15 Impact of Economic and Environmental Development on Carbon 

Dioxide Emission, Per Capita (continued) 

Endogenous Regressors/Explanatory 

Variables 

CO2 

Observations 31 

R-squared (adjusted) 0.99 

F-statistic 1009.21 

Durbin-Watson statistic 1.99 

Notes: *** and ** denotes significance at the 1% and 5% level, respectively. 

Heteroskedasticity-robust standard errors are in parentheses. The corresponding Eviews 

output is in Appendix G, Table G9. 

 

0.39 metric tons per capita, corresponding to 5.9% increase from China’s current 

emission level. 

 For the two pollutants we incorporate in the equation, the coefficients for 

WASTE* and FERTILIZER* are both positive, confirming the positive impact of 

increases in the volume of pollutants on carbon dioxide emission. The coefficient for 

WASTE* is significant at the 5% level, but the coefficient for FERTILIZER* is not. 

Straightforward computation shows that, for each metric ton increase of solid waste per 

10,000 people, China is likely to emit an additional 0.02 metric tons of carbon dioxide 

per capita, a 1.5% increase from the current emission level.
76

 

 Next, we analyze how carbon dioxide emission responds to changes in 

explanatory variables. We submit the expression of GDPPC* and WASTE* from their 

first-stage estimation, and derive the reduced-form equation for CO2 (Equation (5.5.1)). 

 

  

                                                 
76 The calculation is based on coefficients from the second-stage estimation with only statistically 

significant coefficients, as shown in Appendix G, Table G10. 
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          (5.5.1) 

 Table 5.16 and 5.17 give the partial elasticities of carbon dioxide emission with 

respect to each explanatory variable. The signs of the partial elasticities are mostly 

intuitive. The level of carbon dioxide emission responds strongly, and positively, to 

energy-related variables, including energy use, the number of motor vehicles and gross 

industrial output. A rise in electricity production from non-oil, non-gas and non-coal 

sources, is found to reduce the level of carbon dioxide emission substantially.  

 For macroeconomic variables, the effect on carbon dioxide emission takes place 

indirectly via real GDP per capita. Thus, increases in variables that contribute to more 

output per capita are expected to lead to higher carbon dioxide emission, and vice versa.  
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Table 5.16 Partial Elasticity of Carbon Dioxide Emission, Per Capita, with respect 

to Macroeconomic- and Infrastructure-Related Explanatory Variables 

Explanatory variable Partial elasticity 

Lagged partial 

elasticity 

Agricultural Sector 

 

 

Value-added of the agricultural sector -0.000517 -0.000033 

Irrigated land area -0.000374 -0.000340 

 
  

Construction   

Gross construction output 0.000490 0.000017 

 
  

Manufacturing and Trade   

Net exports of goods and services 0.000445 0.000079 

High-technology exports 0.000555 0.000076 

 
  

Capital Market   

Net inflow of foreign direct investment 0.000463 0.000198 

Gross domestic savings 0.000656 0.000200 

 
  

Service Sector   

Value-added of the service sector 0.000594 0.000126 

 
  

Communications   

Number of Internet users 0.000453 0.000093 

 
  

Financial Market   

Consumer price index  -0.000555 -0.000409 

Exchange rate 0.000453 0.000037 
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Table 5.17 Partial Elasticity of Carbon Dioxide Emission, Per Capita, with respect 

to Energy-Related Explanatory Variables 

Explanatory variable Partial elasticity 

Lagged partial 

elasticity 

Energy Consumption 

 

 

Energy use 68.33647 13.97514 

Electricity production from non-oil, non-gas and 

non-coal sources -34.65897 -48.28559 

   

Industry-Related   

Gross industrial output 4.650287 10.83623 

   

Urbanization-Related   

Number of motor vehicle 10.83116 11.84502 

   

Agriculture-Related   

Agricultural land area -3.020305 -65.48685 

 

5.6 Environmental Development – Fertilizer Consumption Per Hectare of Arable 

Land 

 At the second-stage estimation, fertilizer consumption (FERTILIZER) is 

regressed on real GDP per capita (GDPPC* and GDPPCt-1), the poverty ratio 

(POVERTY* and POVERTYt-1), and the principal components calculated from energy-

related explanatory variables (denoted by the sequence of Ei). The second-stage setup for 

fertilizer consumption is in Equation (4.6.23), and the estimation results are in Table 

5.18.  

 Among all variables for economic development, only the coefficient multiplying 

real GDP per capita at the same time period (GDPPC*) is found to be statistically 

significant. The coefficients for the other three variables, GDPPCt-1, POVERTY* and 

POVERTYt-1, are not significant in explaining China’s fertilizer consumption.   
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Table 5.18 Impact of Economic Development on Fertilizer Consumption, per 

Hectare of Arable Land 

Endogenous Regressors/Explanatory Variables FERTILIZER 

Economic Development  

Real GDP Per Capita, fitted value (GDPPCt*) 13.06*** 

(9.69) 

Real GDP Per Capita, fitted value (GDPPCt-1) -0.60 

(-0.38) 

Poverty Ratio, fitted value (POVERTYt*) 1.03 

(1.57) 

Poverty Ratio, fitted value (POVERTYt-1) -0.51 

(-1.17) 

  

Principal Components of Health- and Education-Related 

Explanatory Variables 

E1 -0.44 

(-1.12) 

E2 -0.12** 

(-3.04) 

E3 -0.19** 

(-5.86) 

E4 0.31 

(1.32) 

E5 1.54** 

(2.51) 

  

Constant -68.32** 

(-4.89) 

  

Observations 31 

R-squared (adjusted) 0.95 

F-statistic 58.26 

Durbin-Watson statistic 1.87 

Notes: *** and ** denotes significance at the 1% and 5% level, respectively. 

Heteroskedasticity-robust standard errors are in parentheses. The corresponding Eviews 

output is in Appendix G, Table G11. 
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 As expected, an increase in real GDP per capita leads to more fertilizer 

consumption. When we transform real GDP per capita and fertilizer consumption from 

normalized values to their original raw data format, the 15.08 coefficient value means 

that a one-yuan increase in real GDP per capita leads to a 0.3 kilogram increase in 

fertilizer consumption per hectare of arable land. 

 To evaluate the impact of explanatory variables on fertilizer consumption, we 

substitute the expression for GDPPC* from Equation (4.6.10) and derive the following 

reduced-form representation for FERTILIZER: 

                                                            

 

                                         

 

 ∑         
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          (5.6.1) 

 Tables 5.19 and 5.20 give the partial elasticities of fertilizer consumption with 

respect to each explanatory variable. For macroeconomic- and infrastructure-related 

variables that promote economic growth, they are found to be positively associated with 

fertilizer consumption. Stronger economic growth enables farmers to put more resources 

in their farm, including fertilizer. The partial elasticities of fertilizer consumption with 

respect to energy use and agricultural area are both positive, suggesting that an increase 

in agricultural land area requires more fertilizers to be used, while more energy is needed 

to produce more fertilizer.  
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Table 5.19 Partial Elasticity of Fertilizer Consumption, per Hectare of Arable Land, 

with respect to Macroeconomic- and Infrastructure-Related Explanatory Variables 

Explanatory variable Partial elasticity 

Lagged partial 

elasticity 

Agricultural Sector 

 

 

Value-added of the agricultural sector -0.247743 -0.015609 

Irrigated land area -0.179208 -0.162963 

 
  

Construction   

Gross construction output 0.234920 0.008172 

 
  

Manufacturing and Trade   

Net exports of goods and services 0.213040 0.037688 

High-technology exports 0.265786 0.036513 

 
  

Capital Market   

Net inflow of foreign direct investment 0.221877 0.095058 

Gross domestic savings 0.314161 0.096006 

 
  

Service Sector   

Value-added of the service sector 0.284553 0.060560 

 
  

Communications   

Number of Internet users 0.216854 0.044639 

 
  

Financial Market   

Consumer price index  -0.265652 -0.195904 

Exchange rate 0.216798 0.017960 
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Table 5.20 Partial Elasticity of Fertilizer Consumption, per Hectare of Arable Land, 

with respect to Energy-Related Explanatory Variables 

Explanatory variable Partial elasticity 

Energy Consumption 

 Energy use 1.133039 

Electricity production from non-oil, non-gas and 

non-coal sources 

0.162873 

  

Industry-Related  

Gross industrial output -0.363786 

  

Urbanization-Related  

Number of motor vehicle 0.008414 

  

Agriculture-Related  

Agricultural land area 1.353904 

 

 

5.7 Environmental Development – Solid Waste Disposal Per Capita 

 For solid waste disposal per capita, the second-stage equation is constructed using 

the same set of explanatory variables as fertilizer consumption. Table 5.21 gives the 

second-stage estimation results. The coefficients multiplying real GDP per capita 

(GDPPC* and GDPPCt-1) are significant in explaining solid waste disposal at the 1% 

level. It is found that, an increase in real GDP per capita by 1 yuan is accompanied by a 

0.5-metric-ton increase in waste per 10,000 people in the same year, but a slight decline 

(0.01 metric ton) in the volume of waste in the following year. The coefficients 

multiplying the poverty ratio are not significant in explaining solid waste disposal. 
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Table 5.21 Impact of Economic Development on Solid Waste Disposal 

Endogenous Regressors/Explanatory Variables WASTE 

Economic Development  

Real GDP Per Capita, fitted value (GDPPCt*) 23651.92*** 

(3.05) 

Real GDP Per Capita, fitted value (GDPPCt-1) -2613.21*** 

(-4.93) 

Poverty Ratio, fitted value (POVERTYt*) 1.73 

(1.32) 

Poverty Ratio, fitted value (POVERTYt-1) 0.00 

(0.00) 

  

Principal Components of Health- and Education-Related 

Explanatory Variables 

E1 0.09 

(0.79) 

E2 0.28** 

(1.98) 

E3 0.09 

(1.32) 

E4 -0.31*** 

(-4.50) 

E5 0.41 

(1.09) 

  

Constant 0.03 

(0.26) 

  

Observations 31 

R-squared (adjusted) 0.98 

F-statistic 182.84 

Durbin-Watson statistic 2.12 

Notes: *** and ** denotes significance at the 1% and 5% level, respectively. 

Heteroskedasticity-robust standard errors are in parentheses. The corresponding Eviews 

output is in Appendix G, Table G13. 
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Using the reduced-form equation for WASTE (Equation (5.7.1)), we compute the 

partial elasticities of solid waste disposal with respect to macroeconomic-, infrastructure-, 

and energy-related variables (Tables 5.22 and 5.23). The impact of macroeconomic- and 

infrastructure-related variable is indirectly through real GDP per capita. Thus, variables 

that support a higher output level also lead to more waste produced. Likewise, solid waste 

disposal responds positively to increases in energy use, industrial production and the 

number of motor vehicles.  

Clean energy production, proxied by electricity production from non-oil, non-gas 

and non-coal sources, leads to a lower level of industrial waste (and thus, a negative 

partial elasticity value), compared to production of traditional energy sources.  
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          (5.7.1) 

 

  



149 

Table 5.22 Partial Elasticity of Solid Waste Disposal, Per Capita, with respect to 

Macroeconomic- and Infrastructure-Related Explanatory Variables 

Explanatory variable Partial elasticity 

Lagged partial 

elasticity 

Agricultural Sector 

 

 

Value-added of the agricultural sector -368.0089 -23.18696 

Irrigated land area -266.2040 -242.0729 

 
  

Construction   

Gross construction output 348.9613 12.13958 

 
  

Manufacturing and Trade   

Net exports of goods and services 316.4594 55.98354 

High-technology exports 394.8114 54.23765 

 
  

Capital Market   

Net inflow of foreign direct investment 329.5869 141.2042 

Gross domestic savings 466.6695 142.6113 

 
  

Service Sector   

Value-added of the service sector 422.6889 89.95938 

 
  

Communications   

Number of Internet users 322.1251 66.30956 

 
  

Financial Market   

Consumer price index  -394.6119 -291.0057 

Exchange rate 322.0418 26.67919 
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Table 5.23 Partial Elasticity of Solid Waste Disposal, Per Capita, with respect to 

Energy-Related Explanatory Variables 

Explanatory variable Partial elasticity 

Energy Consumption 

 Energy use 0.146903 

Electricity production from non-oil, non-gas and 

non-coal sources 

-0.381029 

  

Industry-Related  

Gross industrial output 0.137198 

  

Urbanization-Related  

Number of motor vehicle 0.009192 

  

Agriculture-Related  

Agricultural land area -0.529883 

 

5.8 Summary of Major Findings 

 Aside from factors such as a favorable macroeconomic environment and 

improvement in physical infrastructure. China’s economic development will be 

determined by the long-term health status of its workers. Our findings show that the 

healthier the workforce, the greater per-capita output it will be for China, which 

intuitively make sense.
77

  

Appropriate government policies in strengthening healthcare and education 

infrastructure are also critical in supporting higher output per capita and reducing the 

country’s poverty ratio. We have shown in Section 5.1 that, for a one-year increase in life 

expectancy, real GDP per capita is expected to increase by 452 yuan in year 1, to be 

                                                 
77 Although the relationship between life expectancy and real GDP capita does not imply causality, the 

latter is corroborated by theories of human capital. An important assumption here is that, if people live 

longer, they work longer as well. 
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followed by 290 yuan in year 2.
78

 The same outcome of a 452-yuan increase in real GDP 

per capita could be achieved in year 1 by raising government spending on healthcare by 

13 yuan per person.
79

 This will be followed by a 197-yuan increase in year 2. 

 Stronger economic growth and government spending on healthcare are found to 

be important in reducing the country’s poverty ratio. For a one-yuan increase in real GDP 

per capita, 79,000 people will be raised out of poverty in year 1 and year 2 combined.
80

 

Government spending on healthcare has a slightly weaker effect. For a one-yuan increase 

in government healthcare spending per person, a combined 20,000 people will be lifted 

off poverty in years 1 and 2.  

 The prospects of China’s long-term economic trajectory are also dependent on 

continued momentum in various industry sectors in the country, ranging from industrial 

production to activities in the tertiary sector. Channeling resources to the primary sector, 

however, reduces the country’s long-term per-capita income. Considering China being in 

such a strong financial position, the country can certainly afford greater food security 

than before.  

China’s growing interdependence with the rest of the world, such as net exports 

and new inflow of FDI, is also a crucial factor in determining its long-term growth 

trajectory. China’s high saving rate is a force supporting the country’s long-term 

economic momentum, in addition to a stable and favorable macroeconomic environment 

                                                 
78 The analysis here isolates the feedback between various endogenous variables. For example, the positive 

feedback between real GDP per capita and life expectancy implies that the magnitude of increase will be 

higher and longer for both variables than stated. An increase in real GDP per capita supports longer life 

expectancy, which, in turn, leads to further increases in real GDP per capita in both years 1 and 2. The self-

fulfilling mechanism will extend the impact further into years 3, 4, 5, and beyond.  
79 A one-yuan increase in government spending on healthcare per capita leads to a 33-yuan increase in real 

GDP per capita. Thus, to match the 452 yuan increase in real GDP per capita led by an additional year of 

life expectancy, government spending on healthcare will need to rise by 452.20 / 33.85 = 13.35 yuan per 

person.  
80 This includes a reduction of poverty headcount by 39,500 in year 1, and another 39,000 in year 2. 
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and continued expansion in physical infrastructure. Improvements in public health 

practices and education infrastructure play a positive role in determining China’s 

economic growth prospects, indirectly through its impact on health development.  

 In retrospect, China’s economic development is imperative in determining long-

term health outcomes as well. Our model estimation shows that, for China, continued 

economic development will extend the life span of the population. Based on our 

calculations, for a one-yuan increase in real GDP per capita, the average life expectancy 

will rise by 0.5 and 0.4 month, respectively, in year 1 and 2. When government spending 

on healthcare goes up by 1 yuan per person, life expectancy will rise by 0.1 month. 

Carbon dioxide emission is found to be harmful to Chinese households’ life expectancy. 

For an additional metric ton increase in carbon dioxide emission per capita, a 0.2-month 

decline in life expectancy is expected. 

 Our findings show that, when the economy prospers, the Chinese government 

dedicates more resources in promoting public health. It should, however, be noted that 

the Chinese government spending on healthcare, on a per-capita basis, remains below the 

world average. 

 Aside from real GDP per capita, China’s health development is also driven by 

infrastructure improvements in both healthcare and education. Based on our estimation, 

dynamics in both healthcare and education development play an almost equal role in 

explaining China’s long-term health prospects, we find no evidence that spending on one 

form of human capital has crowded out the other.  

 We also find that environmental development in China is determined by 

economic development, and in turn, affects long-term health outcomes. An increase in 
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productive output in China continues to be accompanied by an increase in environmental 

waste. For a one-yuan increase in real GDP per capita, China is expected to emit an 

additional 0.4 metric ton of carbon dioxide per capita and produce another 0.5 metric ton 

of solid waste per 10,000 population.
81

 Fertilizer consumption is also estimated to 

increase by 0.3 kilograms per hectare of arable land.  

 China’s huge energy consumption plays a dominant role in explaining the 

country’s carbon dioxide emission, where almost all industrial and agricultural activities 

are heavily dependent on energy consumption to sustain momentum in producing more 

output. The negative relationship between clean energy production and environmental 

waste highlights that the country’s initiatives in changing the mix of energy output helps 

reduce the volume of waste produced. The lack of efficiency in industrial production is 

also an important factor in explaining environmental stress. Not only does China’s 

industrial sector consume a lot of energy, but it also produces a lot of waste, as 

demonstrated by our estimation. Lax treatment of harmful waste causes immediate 

concerns of air pollution, water contamination, and long-term greenhouse effect.  

 China’s growth model, driven by use of traditional energy sources is 

unsustainable in the long run. A rise in environmental stress imposes threat on China’s 

health outcomes, as shown by our model. The lack of urgency on the part of  the Chinese 

government in implementing and enforcing much stricter environmental regulation harms 

per-capita income and households’ health. 

  

                                                 
81 A 0.5-metric-ton rise in solid waste disposal leads to further increases in the volume of carbon dioxide 

emitted in China. 
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5.9 Test of Model Robustness 

 Following the estimation of our macroeconometric model, we test the validity and 

forecasting ability of our model. In this section, we present the results of our model 

robustness test. There are three objectives for the test. First, we want to compare how 

close our forecast is to the actual data. Second, an assumption we make is that, by adding 

endogenous variables for health and environmental development, our model is better 

equipped to address the question of sustainability of China’s long-term economic growth. 

By running the model robustness test, we can compare our model forecast ability with 

and without the endogenous variables for health and environmental development. 

Furthermore, when we test the model robustness, we want to ensure the functional 

relationships for the endogenous variables remain the same as postulated. 

 In estimating our model, we use all available data, from 1980 to 2010. For the 

purpose of testing our model and producing an ex-post forecast, we shorten our sample 

series by three years, i.e., the new sample is from 1980 to 2007. As a result, the ex-post 

forecast is for 2008-2010. 

 

5.9.1 Model Robustness Test Results 

 The model robustness test shows consistent results for all equations. For each 

equation we estimate, the coefficients multiplying the explanatory variables that are 

statistically significant in the original setup remain significant when we shorten the same 

size by three years. Appendix H shows the Eviews output based on the shortened sample. 
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While the values of the estimated coefficients are different as expected, their signs do not 

change.  

 For all endogenous variables, the ex-post forecasts are very close to the actual 

numbers, and they correctly track the upturns and downturns in the respective economic 

indicators. Appendix I gives the graphical representations of the ex-post forecasts 

compare to the actual values.  

 We also compare the two-stage least squares forecast to the forecasts of ordinary 

least squares (OLS) of the principal components. In OLS equations, each endogenous 

variable is regressed on the principal components of the corresponding explanatory 

variables only.
82

 In other words, variables representing economic, health and 

environmental development are excluded from the OLS equation settings. The equations 

that we set in the two-stage least-squares estimation consistently outperform the OLS 

equations in forecasting capability. Tables 5.24 to 5.30 give the side-by-side comparison 

of forecast results using the two methodologies.
83

 This confirms the usefulness of the 

selected model for understanding the factors that drive the sustainability of China’s long-

term economic growth. 

  

                                                 
82 The Eviews output of OLS estimations are in Appendix H. 
83 In Appendix I, we also show the graphical representation of the actual values vs. the two-stage least-

squares forecast results (and the confidence bounds based on 1 standard deviation). These graphs show that 

the actual values stay within +/- 1 standard deviation of the two-stage least-squares forecasts. The same 

graphical comparison is executed for the actual values vs. the OLS forecast. In this case, the actual values 

of some endogenous variables are found to deviate substantially from the OLS forecast results.  
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Table 5.24 Comparison of Forecast results for Real GDP Per Capita 

(Yuan) 

  2007 2008 2009 2010 

 

History 
 

Forecast 
 Actual Values 15431.9 16826.9 18264.3 20042.6 

   (percent change from a year ago) 13.6 9.0 8.5 9.7 

     Forecast with Two-Stage Least Squares 15431.9 16708.0 18505.2 19612.8 

   (percent change from a year ago) 13.6 8.3 10.8 6.0 

   discrepancy
1
 

 

-0.8 2.2 -3.8 

     OLS Forecast with Principal 

Components 15431.9 18761.0 22485.8 27451.7 

   (percent change from a year ago) 13.6 21.6 19.9 22.1 

   discrepancy
1
   12.5 11.3 12.3 

1
 The discrepancy is calculated by taking the difference between the growth rates of 

forecasted real GDP per capita and the growth rates of the actual values. 

 

 

Table 5.25 Comparison of Forecast results for the Poverty Ratio 

(Percent of population) 

  2007 2008 2009 2010 

 

History 
 

Forecast 
 Actual Values 36.3 35.7 35.5 35.5 

   (percent change from a year ago) -1.1 -1.7 -0.4 -0.1 

     Forecast with Two-Stage Least Squares 36.3 35.5 35.2 35.1 

   (percent change from a year ago) -1.1 -2.1 -0.9 -0.2 

   discrepancy
1
 

 

-0.2 -0.4 -0.4 

     OLS Forecast with Principal 

Components 36.3 29.9 21.8 13.3 

   (percent change from a year ago) -1.1 -17.6 -27.0 -38.8 

   discrepancy
1
   -5.8 -13.7 -22.1 

1
 The discrepancy is calculated by taking the difference between the forecasted poverty 

ratio and its actual values. 
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Table 5.26 Comparison of Forecast results for Life Expectancy 

(Number of years) 

  2007 2008 2009 2010 

 

History 
 

Forecast 
 Actual Values 72.9 73.1 73.3 73.5 

   (percent change from a year ago) 0.2 0.2 0.2 0.2 

     Forecast with Two-Stage Least Squares 72.9 73.1 73.2 73.5 

   (percent change from a year ago) 0.2 0.2 0.2 0.4 

   discrepancy
1
 

 

0.0 -0.1 0.0 

     OLS Forecast with Principal 

Components 72.9 71.2 68.5 63.4 

   (percent change from a year ago) 0.2 -2.4 -3.7 -7.5 

   discrepancy
1
   -1.9 -4.8 -10.1 

1
 The discrepancy is calculated by taking the difference between the forecasted life 

expectancy and its actual values. 

 

 

Table 5.27 Comparison of Forecast results for Government Spending on Healthcare 

Per Capita 

(Yuan) 

  2007 2008 2009 2010 

 

History 
 

Forecast 
 Actual Values 151.0 208.1 300.0 354.6 

   (percent change from a year ago) 49.9 37.8 44.1 18.2 

     Forecast with Two-Stage Least Squares 151.0 210.6 286.6 342.3 

   (percent change from a year ago) 49.9 39.5 36.0 19.4 

   discrepancy
1
 

 

1.7 -8.1 1.3 

     OLS Forecast with Principal 

Components 151.0 169.6 175.7 197.3 

   (percent change from a year ago) 49.9 12.3 3.6 12.3 

   discrepancy
1
   -25.5 -40.5 -5.9 

1
 The discrepancy is calculated by taking the difference between the growth rates of 

forecasted government spending on healthcare per capita and the growth rates of the 

actual values. 
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Table 5.28 Comparison of Forecast results for Carbon Dioxide Emission Per Capita 

(Metric tons) 

  2007 2008 2009 2010 

 

History 
 

Forecast 
 Actual Values 4.957 5.163 5.823 6.567 

   (percent change from a year ago) 6.4 4.2 12.8 12.8 

     Forecast with Two-Stage Least Squares 4.957 5.121 5.763 6.648 

   (percent change from a year ago) 6.4 3.3 12.5 15.3 

   discrepancy
1
 

 

-0.8 -0.2 2.6 

     OLS Forecast with Principal 

Components 4.957 5.446 6.165 7.051 

   (percent change from a year ago) 6.4 9.9 13.2 14.4 

   discrepancy
1
   5.7 0.4 1.6 

1
 The discrepancy is calculated by taking the difference between the growth rates of 

forecasted carbon dioxide emission per capita and the growth rates of the actual values. 

 

 

Table 5.29 Comparison of Forecast results for Fertilizer Consumption Per Hectare 

of Arable Land 

(Kilograms) 

  2007 2008 2009 2010 

 

History 
 

Forecast 
 Actual Values 484.1 468.0 452.4 437.4 

   (percent change from a year ago) 11.8 -3.3 -3.3 -3.3 

     Forecast with Two-Stage Least Squares 484.1 463.0 454.7 438.6 

   (percent change from a year ago) 11.8 -4.3 -1.8 -3.5 

   discrepancy
1
 

 

-1.0 1.5 -0.2 

     OLS Forecast with Principal 

Components 484.1 470.7 376.4 339.1 

   (percent change from a year ago) 11.8 -2.8 -20.0 -9.9 

   discrepancy
1
   0.6 -16.7 -6.6 

1
 The discrepancy is calculated by taking the difference between the growth rates of 

forecasted fertilizer consumption per hectare of arable land and the growth rates of the 

actual values. 
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Table 5.30 Comparison of Forecast results for Solid Waste Disposal Per Capita 

(Metric tons) 

  2007 2008 2009 2010 

 

History 
 

Forecast 
 Actual Values 1.529 1.535 1.541 1.548 

   (percent change from a year ago) -0.1 0.4 0.4 0.4 

     Forecast with Two-Stage Least Squares 1.529 1.535 1.538 1.549 

   (percent change from a year ago) -0.1 0.4 0.2 0.7 

   discrepancy
1
 

 

0.0 -0.2 0.3 

     OLS Forecast with Principal 

Components 1.529 1.478 1.462 1.404 

   (percent change from a year ago) -0.1 -3.4 -1.0 -4.0 

   discrepancy
1
   -3.8 -1.4 -4.4 

1
 The discrepancy is calculated by taking the difference between the growth rates of 

forecasted solid waste disposal per capita and the growth rates of the actual values. 
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CHAPTER 6 

CONCLUSION 

 In this dissertation, we construct a macroeconometric model that allows us to take 

a systematic approach to understanding the sustainability of China’s long-term economic 

growth. Along with using economic variables, we expand the analysis to other areas of 

development in China, related to long-term health and environmental development. This 

model setup enables us to estimate the impact of economic expansion on other aspects of 

development in China, and vice versa. 

 The study begins with an overview of China’s economic and social reforms since 

the late 1970s, including structural reforms that the Chinese government executed since 

1978 after the end of the Cultural Revolution, the resilient emphasis on economic and 

social stability in China, and the fundamental doctrine of the country’s one-child policy. 

These factors are critical for explaining how China’s economic and social fabric changed 

in the last thirty years. Recent factors, such as China’s accession into the WTO, the 

country’s increased interdependence with the rest of the world, and ongoing financial 

market reforms, are also important in determining China’s economic growth trajectory. 

 The literature review discusses studies that identify economic and social factors 

that drive long-term economic development, including wealth creation and poverty 

reduction. To overview the fundamentals used in this dissertation, we examine 

econometric studies that utilize estimation techniques based on principal component 

analysis and two-stage least squares estimators. 
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 The structure of our model consists of three blocks of economic, health and 

environmental development. For each block, we select endogenous variables that provide 

the characteristics of development in China. We also expand the model framework to 

include explanatory variables for each block. The selection of both endogenous and 

explanatory variables is largely motivated by existing studies, with some modifications to 

account for the unique features of China. Principal components are computed based on 

the explanatory variables, which capture the overall variance of the original variables 

while circumventing the possibility of multi-collinearity effects among these variables. 

The equations of the model are estimated using two-stage least squares methodology, 

which enables us to measure the simultaneous interaction among blocks of the model. 

 Our findings, based on the results of model estimation, are: 

(1) A strong link is found between economic development and health development in 

China. Estimated coefficients multiplying variables for these areas of 

development are found to be statistically significant, for measuring both the same-

year effect and a delayed effect.  

(2) Along with favorable economic policies and improvement in infrastructure, 

China’s long-term economic development is dependent on the health status of its 

population. For an one-year increase in life expectancy, real GDP per capita is 

expected by increase by 452 and 290 yuan, respectively, in years 1 and 2. 

Meanwhile, for a one-yuan increase in real GDP per capita, 79,000 people are 

expected to be raised out of poverty in years 1 and 2 combined. The actual impact 

of life expectancy on real GDP per capita could be stronger and more persistent 
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than stated. The feedback between these two variables ensures that for a positive 

change in life expectancy, real GDP will rise, which, in turn, supports further 

increase in life expectancy. The snowball effect will spill over to years 3 and 

beyond. 

(3) Increases in the Chinese government’s funding of healthcare and education are 

both important for raising China’s real GDP per capita, although government 

spending on education has a slightly more pronounced effect on real GDP per 

capita than on healthcare.  

(4) Continued improvements in health and infrastructure in rural areas are crucial for 

reducing the gap in living standards among cities and rural areas in China. 

(5) A one-yuan increase in China’s real GDP per capita is expected to raise the 

country’s life expectancy by 0.5 and 0.4 months, respectively, in years 1 and 2.  

(6) China, at the moment, continues to produce more environmental waste, as it 

increases real GDP per capita. For a one-yuan increase in real GDP per capita, 

China is expected to emit an additional 0.4 metric ton of carbon dioxide per capita 

and produce another 0.5 metric ton of solid waste per 10,000 population. Carbon 

dioxide emission could be higher than expected, since pollutants, such as solid 

waste disposal and fertilizer consumption, lead to further energy usage and, thus, 

more carbon dioxide emission.  

(7) The current practice of using traditional energy sources is found to significantly 

increase with rising real GDP per capita, and to slow the progress in health 

development in China. In contrast, China’s use of clean energy is shown to be 
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more sustainable for health development, and, subsequently, long-term economic 

development. 

We also test the robustness of the proposed model framework by using a 

shortened sample. Our tests validate that the forecasting ability of the model increases 

considerably when variables related to health and environmental development are 

introduced --- not only are the forecast values closer to the actual values, but these 

variables also improve the model’s ability to capture the positive and negative changes in 

the movement of endogenous variables.  

This study could be extended into a number of interesting future research topics. 

First, the same model structure could be extended to run cross-country comparisons of 

long-term economic performance. Second, as the Chinese government and international 

organizations broaden their scope of data coverage, the same model structure can be built 

from higher-frequency data, and the depth of the model can be improved by including 

additional sets of diversified variables. 
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APPENDIX A 

List of Endogenous Variables 

Table A1. Detailed description of Endogenous Variables 

Economic Development: 

 Real GDP per capita (constant renminbi); Source: World Bank, World 

Development Indicators 

 Poverty ratio, headcount ratio of population living with $2 or less a day, in 

purchasing power parity rate (percent of population); Source: World Bank, World 

Development Indicators 

Health Development: 

 Life expectancy, at birth (number of years); Source: World Bank, World 

Development Indicators 

 Real government expenditure on medical and healthcare sector, per capita; 

Source: China Ministry of Finance (with the author’s calculation to convert to 

per-capita basis) 

Environmental Development: 

 Carbon dioxide emission (metric tons per capita); Source: World Bank, World 

Development Indicators 

 Combustible renewables and waste (metric tons of oil equivalent per capita); 

Source: World Bank, World Development Indicators) 

 Fertilizer consumption (kilograms per hectare of arable land); Source: World 

Bank, World Development Indicators 
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Table A2. Descriptive Statistics for Endogenous Variables 

 

 

Mean Median Maximum Minimum Standard 

deviation 

Real GDP per capita 7021.43 5447.15 20042.56 1543.43 5296.47 

Poverty ratio 67.72 69.55 97.81 36.28 21.74 

Life expectancy 69.70 69.62 73.49 65.97 2.49 

Government spending 

on healthcare per capita 54.41 19.59 354.55 2.56 86.55 

Carbon dioxide 

emission per capita 2.89 2.50 6.57 1.47 1.33 

Solid waste disposal 

per capita
1
 1.69 1.71 1.83 1.53 0.11 

Fertilizer consumption 

per hectare of arable 

land 274.61 246.10 484.06 143.03 104.72 
1.
 Solid waste disposal is displayed in per 10,000 population basis, since the per-capita 

values are small, at the fourth decimal point. 
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APPENDIX B 

List of Explanatory Variables 

Macroeconomic- and Infrastructure-Related Explanatory Variables 

 Value-added of the agricultural sector, percent of GDP; Source: World Bank, 

World Development Indicators 

 Irrigated land area, percent of cropland; Source: World Bank, World Development 

Indicators 

 Gross output value of construction, percent of GDP; Source: China National 

Bureau of Statistics 

 Net exports of goods and services, percent of GDP; Source: Customs Bureau of 

China and the author’s calculation 

 High-technology exports, percent of manufactured exports; Source: World Bank, 

World Development Indicators 

 Net inflow of foreign direct investment, percent of GDP; Source: World Bank, 

World Development Indicators 

 Gross domestic savings, percent of GDP; Source: World Bank, World 

Development Indicators 

 Value-added of the service sector, percent of GDP; Source: World Bank, World 

Development Indicators 

 Number of Internet users, per 100 people; Source: World Bank, World 

Development Indicators 

 Consumer price index, percent change from a year ago; Source: World Bank, 

World Development Indicators 

 Exchange rate, Chinese renminbi per US dollar; Source: World Bank, World 

Development Indicators 

  



178 

Health- and Education-Related Explanatory Variables 

 DPT immunization, percent of children aged 12-23 months; Source: World Bank, 

World Development Indicators 

 Incidence of tuberculosis per 100,000 people; Source: World Bank, World 

Development Indicators 

 Improved sanitation facilities, percent of rural population with access; Source: 

World Bank, World Development Indicators 

 Sex ratio aged 0-4, male-to-female, Source: World Bank, World Development 

Indicators and the author’s calculation 

 Old-age dependency ratio, percent of working-age population; Source: World 

Bank, World Development Indicators 

 Number of physicians per 1,000 people; Source: World Bank, World 

Development Indicators 

 Adult literacy rate, percent of people aged 15 and above; Source: World Bank, 

World Development Indicators 

 Number of university students, per 10,000 Population; Source: China National 

Bureau of Statistics 

 Number of scientific and technical journal articles, per capita, Source: World 

Bank, World Development Indicators and the author’s calculation 

Energy-Related Explanatory Variables 

 Energy use; kg of oil equivalent per capita; Source: World Bank, World 

Development Indicators 

 Electricity production from non-oil, non-gas and non-coal sources, percent of 

total; Source: World Bank, World Development Indicators 

 Gross industrial output; percent of GDP; Source: China Department of Industry 

and Transport Statistics 

 Number of motor vehicles; per 1,000 people; Source: World Bank, World 

Development Indicators 

 Agricultural land area, percent of land area; Source: World Bank, World 

Development Indicators 
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APPENDIX C 

Full List of Indicators in the Database 

Indicator Name Source 

Passenger Kilometer Carrie, Civil Aviation: Total China Civil Aviation Administration 

Gross industrial output (percent of GDP) China Department of Industry & 

Transport Statistics 

Length of Highways China Ministry of Communications 

Government Expenditure: Culture, Education, Science & Health 

Care 

China Ministry of Finance 

Government Expenditure: Culture, Physical Education and Media China Ministry of Finance 

Government spending on medical and health care (renminbi) China Ministry of Finance 

Government spending on scientific research, percent of GDP China Ministry of Finance 

Employment China Ministry of Human Resources 

and Social Security 

Coal Consumption (tons per capita) China National Bureau of Statistics 

Gross domestic product, billions of renminbi China National Bureau of Statistics 

Gross output value of construction (percent of GDP) China National Bureau of Statistics 

Number of New Enrolled Student: Primary School, Person 

thousands 

China National Bureau of Statistics 

Number of New Enrolled Student: Secondary School, Person 

thousands 

China National Bureau of Statistics 

Number of new postgraduate students per university China National Bureau of Statistics 

Number of new students per university China National Bureau of Statistics 

Number of primary schools China National Bureau of Statistics 

Number of science and engineering departments per university China National Bureau of Statistics 

Number of secondary schools China National Bureau of Statistics 

Number of universities and colleges China National Bureau of Statistics 

Number of universities and colleges China National Bureau of Statistics 

Petroleum consumption (tons per capita) China National Bureau of Statistics 

University student per 10000 Population China National Bureau of Statistics 

Foreign reserves (US dollar) The People's Bank of China 

Adult literacy rate (percent of people ages 15 and above) World Development Indicators 

Age dependency ratio, old (percent of working-age population) World Development Indicators 

Age dependency ratio, young (percent of working-age 

population) 

World Development Indicators 

Agricultural land area (percent of land area) World Development Indicators 

Annual freshwater withdrawals, total (billion cubic meters) World Development Indicators 

Birth rate, crude (per 1,000 people) World Development Indicators 

Cereal yield (kg per hectare) World Development Indicators 

Clean energy production (percent of total energy use) World Development Indicators 

CO2 emissions (kiloton) World Development Indicators 

Combustible renewables and waste (metric tons of oil equivalent) World Development Indicators 

Consumer price index (2000 = 100) World Development Indicators 

Container port traffic (Units) World Development Indicators 

Current account balance (percent of GDP) World Development Indicators 

Death rate, crude (per 1,000 people) 

 

World Development Indicators 
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Indicator Name Source 

Debt service (PPG and IMF only, percent of exports, excluding 

workers' remittances 

World Development Indicators 

DPT immunization (percent of children ages 12-23 months) World Development Indicators 

Electric power consumption (kWh per capita) World Development Indicators 

Electricity production (kWh per capita) World Development Indicators 

Electricity production from coal sources (percent of total) World Development Indicators 

Energy use (kg of oil equivalent per capita) World Development Indicators 

Exchange rate (renminbi per US dollar) World Development Indicators 

Exports of goods and services (percent of GDP) World Development Indicators 

Fertility rate, total (births per woman) World Development Indicators 

Fertilizer consumption (100 grams per hectare of arable land) World Development Indicators 

Fixed broadband subscribers (per 100 people) World Development Indicators 

Fuel imports (percent of merchandise imports) World Development Indicators 

GDP per capita (constant renminbi) World Development Indicators 

Goods transported through railways (million ton-km) World Development Indicators 

Gross capital formation (percent of GDP) World Development Indicators 

Gross domestic savings (percent of GDP) World Development Indicators 

High-technology exports (percent of manufactured exports) World Development Indicators 

Hospital beds (per 1,000 people) World Development Indicators 

Household final consumption expenditure, etc. (percent of GDP) World Development Indicators 

Imports of goods and services (percent of GDP) World Development Indicators 

Improved sanitation facilities (percent of population with access) World Development Indicators 

Improved sanitation facilities (percent of rural population with 

access) 

World Development Indicators 

Improved water sources (percent of population with access) World Development Indicators 

Improved water sources (percent of rural population with access) World Development Indicators 

Incidence of tuberculosis (per 100,000 people) World Development Indicators 

Inflation (percent change in consumer price index) World Development Indicators 

International tourism, receipts (percent of total exports) World Development Indicators 

International voice traffic (minutes per person) World Development Indicators 

Internet bandwidth (bits per person) World Development Indicators 

Internet users (per 100 people) World Development Indicators 

Irrigated land area(percent of cropland) World Development Indicators 

Labor participation rate, female (percent of female population 

ages 

World Development Indicators 

Labor participation rate, total (percent of total population ages 1 World Development Indicators 

Lending interest rate (percent) World Development Indicators 

Life expectancy at birth (number of years) World Development Indicators 

Literacy rate, adult female (percent of females ages 15 and 

above) 

World Development Indicators 

Manufacturing, value added (percent of GDP) World Development Indicators 

Measles immunization (percent of children ages 12-23 months) World Development Indicators 

Mobile and fixed-line telephone subscribers (per 100 people) World Development Indicators 

Mobile cellular subscriptions (per 100 people) World Development Indicators 

Money and quasi money (M2) as percent of GDP World Development Indicators 

Mortality rate, infant (per 1,000 live births) World Development Indicators 

Mortality rate, under-5 (per 1,000) World Development Indicators 

Net energy imports (percent of energy use) World Development Indicators 

Net inflows of foreign direct investment (percent of GDP) World Development Indicators 

Net Exports of goods and services (percent of GDP) World Development Indicators 
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Indicator Name Source 

Number of motor vehicles (per 1,000 people) World Development Indicators 

Number of physicians (per 1,000 people) World Development Indicators 

Passenger cars (per 1,000 people) World Development Indicators 

Patent applications, nonresidents World Development Indicators 

Patent applications, residents World Development Indicators 

Patent applications, residents and nonresidents World Development Indicators 

Personal computers (per 100 people) World Development Indicators 

Population density (people per sq. km) World Development Indicators 

Population growth (annual percent) World Development Indicators 

Population in urban agglomerations of more than 1 million 

(percent 

World Development Indicators 

Population, female (percent of total) World Development Indicators 

Population, total World Development Indicators 

Poverty gap at $2 a day (PPP) (percent) World Development Indicators 

Poverty headcount ratio at $2 a day, measured at PPP rate 

(percent of population) 

World Development Indicators 

Public spending on education (percent of GDP) World Development Indicators 

Pupil-teacher ratio, primary World Development Indicators 

Pupil-teacher ratio, secondary World Development Indicators 

Railways, passengers carried (million passenger-km) World Development Indicators 

Scientific and technical journal articles per university World Development Indicators 

Telephone lines (per 100 people) World Development Indicators 

Trademarks, nonresidents World Development Indicators 

Trademarks, residents World Development Indicators 

Trademarks, residents and nonresidents World Development Indicators 

Urban population (percent of total) World Development Indicators 

Value-added of the agricultural sector(percent of GDP) World Development Indicators 

Value-added of the industry sector(percent of GDP) World Development Indicators 

Value-added of the service sector (percent of GDP) World Development Indicators 

Workers' remittances and compensation of employees, received World Development Indicators 

Number of working-age-adult deaths caused by heart diseases World Health Organization 

Number of working-age-adult deaths caused by malignant 

neoplasms 

World Health Organization 

Number of working-age-adult deaths caused by respiratory 

diseases 

World Health Organization 
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APPENDIX D 

Correlation between Lagged Explanatory and Endogenous Variables 

Table D1. Correlation between Lagged Explanatory and Endogenous Variables for 

Economic Development 

  GDP per capita Poverty ratio 

Agricultural Sector 

  Value-added of the agricultural sector -0.93 0.92 

Irrigated land area -0.48 0.55 

   Construction 

  Gross construction output 0.80 -0.86 

   Manufacturing and Trade 

  Net exports of goods and services 0.72 -0.68 

High-technology exports 0.75 -0.81 

   Capital Market 

  Net inflow of foreign direct investment 0.70 -0.62 

Gross domestic savings 0.79 -0.75 

   Service Sector 

  Value-added of the service sector 0.84 -0.82 

   Communication 

  Number of Internet users 0.75 -0.76 

   Financial Market 

  Consumer price index -0.49 0.32 

Exchange rate 0.68 -0.33 

Note. The explanatory variables are lagged by one year.  
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Table D2. Correlation between Lagged Explanatory and Endogenous Variables for 

Health Development 

  

Life 

expectancy 

Real government 

spending on 

healthcare, per capita 

Government’s Initiatives on Disease Control   

DPT immunization 0.20 0.32 

Incidence of tuberculosis -0.31 -0.69 

   

Sanitation Practices in Rural Areas   

Improved sanitation facilities 0.85 0.78 

   

Public Health Accessibility   

Number of physicians 0.77 0.41 

   

Demographics   

Sex ratio ages 0-4 -0.28 -0.43 

 Age dependency ratio, old 0.43 0.62 

   

Education   

Adult literacy rate 0.80 0.20 

Number of university students 0.61 0.31 

Number of scientific and technical journal articles 0.73 0.36 

Note. The explanatory variables are lagged by one year. 
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Table D3. Correlation between Lagged Explanatory and Endogenous Variables for 

Environmental Development 

  

Carbon Dioxide 

Emission 

Fertilizer 

Consumption 

Solid waste 

disposal 

Energy Consumption 

 

 

 Energy use 0.98 0.42 0.43 

Electricity production from non-oil, 

non-gas and non-coal sources -0.39 -0.15 -0.12 

  

 

 Industry-Related 

 

 

 Gross industrial output 0.68 0.08 0.57 

  

 

 Urbanization-Related 

 

 

 Number of motor vehicles 0.89 0.16 0.28 

  

 

 Agriculture-Related 

 

 

 Agricultural land area 0.66 0.83 0.36 

Note. The explanatory variables are lagged by one year. 
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APPENDIX E 

Principal Component Analysis 

Table E1. Principal Component Analysis for Macroeconomic- and Infrastructure-

Related Explanatory Variables 

 

Principal Components Analysis    

Sample (adjusted): 1980 2010    

Included observations: 31 after adjustments   

Balanced sample (listwise missing value deletion)   

Computed using: Ordinary correlations   

Extracting 11 of 11 possible components   
      
      Eigenvalues: (Sum = 11, Average = 1)   

    Cumulative Cumulative 

Number Value    Difference Proportion Value Proportion 
      
      1 6.654120 4.663000 0.6049 6.654120 0.6049 

2 1.991120 1.065867 0.1810 8.645240 0.7859 

3 0.925253 0.032648 0.0841 9.570492 0.8700 

4 0.892604 0.589721 0.0811 10.46310 0.9512 

5 0.302883 0.213061 0.0275 10.76598 0.9787 

6 0.089822 0.023681 0.0082 10.85580 0.9869 

7 0.066142 0.020171 0.0060 10.92194 0.9929 

8 0.045970 0.020281 0.0042 10.96791 0.9971 

9 0.025689 0.021390 0.0023 10.99360 0.9994 

10 0.004299 0.002201 0.0004 10.99790 0.9998 

11 0.002098 ---     0.0002 11.00000 1.0000 
      
      

 

  



186 

Table E1. Principal Component Analysis for Macroeconomic- and Infrastructure-

Related Explanatory Variables (Continued) 

Eigenvectors (loadings): 

Variable PC 1   PC 2   PC 3   

    
    Value-added of the agricultural sector -0.378173 0.100671 0.047446 

Irrigated land area -0.026465 0.542396 0.322615 

Gross construction output 0.369399 0.150676 -0.173279 

Net exports of goods and services 0.285669 0.150263 0.499088 

High-technology exports 0.373514 0.099738 -0.079684 

Net inflow of foreign direct investment 0.206603 -0.470189 -0.368583 

Gross domestic savings 0.355401 0.066350 -0.125977 

Value-added of the service sector 0.364911 -0.132123 -0.128544 

Number of Internet users 0.280558 0.343662 -0.458340 

Consumer price index -0.113627 -0.416592 0.421742 

Exchange rate, Chinese renminbi per US dollar 0.323930 -0.325351 0.228066 
    

    
 
 
Eigenvectors (loadings): 

Variable PC 4   PC 5   PC 6   

    
    Value-added of the agricultural sector -0.051397 0.157244 0.290595 

Irrigated land area -0.536587 0.388262 -0.290478 

Gross construction output 0.026909 -0.101089 -0.119590 

Net exports of goods and services 0.124095 -0.737900 -0.068954 

High-technology exports 0.120225 -0.068769 -0.399950 

Net inflow of foreign direct investment 0.312998 -0.376374 0.336318 

Gross domestic savings 0.316117 -0.185026 0.494527 

Value-added of the service sector 0.199407 -0.020815 -0.134909 

Number of Internet users 0.146984 -0.066398 0.353689 

Consumer price index -0.645053 0.251687 -0.382190 

Exchange rate, Chinese renminbi per US dollar 0.059138 -0.144918 -0.071616 
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Table E1. Principal Component Analysis for Macroeconomic- and Infrastructure-

Related Explanatory Variables (Continued)  

Eigenvectors (loadings): 

Variable PC 7   PC 8   PC 8   

    
    Value-added of the agricultural sector 0.214042 0.215541 0.191159 

Irrigated land area -0.184653 0.037289 -0.157195 

Gross construction output 0.416955 -0.030416 0.222756 

Net exports of goods and services -0.081788 -0.087682 0.253411 

High-technology exports 0.493764 -0.017920 0.050657 

Net inflow of foreign direct investment 0.120926 -0.376352 0.282336 

Gross domestic savings 0.229584 0.108999 -0.639389 

Value-added of the service sector -0.531421 -0.334320 -0.241609 

Number of Internet users -0.335166 0.095650 0.517682 

Consumer price index -0.014162 0.042992 0.073369 

Exchange rate, Chinese renminbi per US dollar -0.182943 0.816657 0.045389 
    

    
 
 
Eigenvectors (loadings): 

Variable PC 10   PC 11   

   
   Value-added of the agricultural sector 0.766985 0.125329 

Irrigated land area 0.120352 0.057389 

Gross construction output -0.044604 0.747786 

Net exports of goods and services -0.058987 0.000477 

High-technology exports 0.298105 -0.574012 

Net inflow of foreign direct investment 0.082578 -0.069654 

Gross domestic savings -0.001647 -0.035862 

Value-added of the service sector 0.538901 0.177468 

Number of Internet users -0.034000 -0.226634 

Consumer price index 0.043592 0.028850 

Exchange rate, Chinese renminbi per US dollar 0.051197 0.049972 
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Table E2. Principal Component Values for Macroeconomic- and Infrastructure-

Related Explanatory Variables 

 

obs M1 M2 M3 M4 

1980 -3.691328 2.333530 0.442184 1.182843 

1981 -3.651931 2.400960 0.822783 0.668433 

1982 -3.360983 2.436667 1.052735 0.712120 

1983 -3.343687 1.450696 0.334701 -0.334824 

1984 -3.218501 1.057900 0.036810 -0.410196 

1985 -3.220357 -0.418029 -1.486450 -0.736515 

1986 -2.806444 -0.326112 -1.088649 -0.964187 

1987 -2.326531 -0.381161 -0.671748 -0.745059 

1988 -2.573290 -1.340192 -1.662052 0.279143 

1989 -2.375897 -1.296430 -1.622156 0.184651 

1990 -1.474802 0.230761 0.414772 -0.623636 

1991 -1.117000 0.076887 0.457061 -0.577274 

1992 -0.903634 -0.554697 0.277646 -0.117497 

1993 -0.633099 -2.144470 -0.236428 1.401977 

1994 0.081990 -2.957372 -0.107787 2.411324 

1995 0.111185 -2.095148 0.194931 1.509204 

1996 0.327184 -1.288002 0.717740 0.611615 

1997 0.812180 -0.723908 1.511327 0.193537 

1998 1.008471 -0.414789 1.597734 -0.379909 

1999 0.938009 -0.527956 1.040575 -1.032108 

2000 0.944850 -0.657648 0.669443 -1.200298 

2001 1.290825 -0.914887 0.320674 -1.392515 

2002 1.828202 -0.632261 0.300862 -1.396886 

2003 2.201110 -0.472787 -0.217375 -1.163625 

2004 2.461001 -0.471701 -0.483785 -0.727161 

2005 3.158615 -0.260809 0.154296 -0.588080 

2006 3.611151 1.067525 0.740792 0.428546 

2007 4.038911 0.904415 0.737632 1.098024 

2008 3.838071 1.210565 -0.434338 1.157036 

2009 4.006463 2.244001 -1.255256 0.128112 

2010 4.039267 2.464450 -2.558674 0.423205 

 

Note. Mi is the i
th

 principal component calculated from the macroeconomic- and 

infrastructure-related explanatory variables. As such, M1 is the first principal component 

and accounts for the most variation among the explanatory variables. 
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Table E2. Principal Component Values for Macroeconomic- and Infrastructure-

Related Explanatory Variables (Continued) 

 

obs M5 M6 M7 M8 

1980 -0.687853 -0.596279 -0.033286 0.003699 

1981 -0.524768 -0.331879 -0.064603 0.000869 

1982 -0.009290 -0.084072 0.109768 0.069958 

1983 0.295748 0.391620 0.435909 0.003232 

1984 0.057697 0.285978 0.274907 -0.049046 

1985 -0.399148 0.032667 0.144181 -0.049947 

1986 -0.188168 0.242920 0.068989 0.006211 

1987 0.576651 0.293164 0.037646 -0.044548 

1988 0.657275 -0.412470 -0.047992 -0.050303 

1989 0.699190 -0.521188 -0.151216 -0.143212 

1990 1.073039 0.433722 -0.209411 0.129807 

1991 0.956083 0.229320 -0.479305 0.094647 

1992 0.131861 0.117106 -0.464391 -0.221159 

1993 -1.283370 0.519970 0.102322 -0.673124 

1994 0.073452 -0.111556 -0.049756 0.287705 

1995 0.120494 0.067798 0.044405 0.409712 

1996 -0.414362 0.203778 0.191718 0.353047 

1997 -0.107323 0.302603 -0.032446 0.140310 

1998 -0.301582 0.204306 -0.145358 0.043926 

1999 -0.472710 -0.013415 -0.200150 0.072927 

2000 -0.484290 -0.408651 -0.355468 0.033777 

2001 -0.422431 -0.325548 -0.191884 -0.076304 

2002 -0.409953 -0.180628 -0.073209 -0.129383 

2003 -0.310588 -0.271183 0.241303 0.046922 

2004 -0.069654 -0.280045 0.573708 0.166712 

2005 0.482794 0.008925 0.610178 -0.102450 

2006 0.604964 -0.319171 0.249108 -0.028296 

2007 0.952524 -0.162778 -0.017382 -0.411150 

2008 0.369167 0.103912 -0.095776 -0.291362 

2009 -0.304808 0.346718 -0.216355 0.032410 

2010 -0.660642 0.234358 -0.256155 0.374413 

 

Note. Mi is the i
th

 principal component calculated from the macroeconomic- and 

infrastructure-related explanatory variables. As such, M1 is the first principal component 

and accounts for the most variation among the explanatory variables. 
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Table E2. Principal Component Values for Macroeconomic- and Infrastructure-

Related Explanatory Variables (Continued) 

 

obs M9 M10 M11 

1980 -0.209242 -0.117881 -0.001357 

1981 0.007290 0.032930 -0.071721 

1982 0.057262 0.121711 0.013700 

1983 0.281993 -0.029403 -0.008327 

1984 0.207782 0.085015 0.038823 

1985 -0.020826 0.030347 0.084925 

1986 -0.110319 -0.094301 3.08E-05 

1987 0.015648 -0.129268 -0.018110 

1988 0.052991 -0.055478 -0.037208 

1989 0.055330 0.008774 0.058743 

1990 -0.138401 0.092699 -0.026724 

1991 -0.255245 0.051605 -0.033734 

1992 -0.185246 0.017254 0.009776 

1993 -0.192312 0.045964 -0.046956 

1994 0.159213 0.087201 0.043693 

1995 -0.049175 -0.016054 -0.093989 

1996 0.036108 -0.051651 0.081255 

1997 0.065954 -0.129272 0.037378 

1998 0.005142 -0.011323 0.009555 

1999 0.011801 -0.018693 0.012728 

2000 0.187115 -0.034915 -0.050203 

2001 0.208239 0.013096 0.012969 

2002 0.123080 0.075515 0.013164 

2003 -0.148236 0.039374 -0.011966 

2004 -0.195702 0.100768 -0.033609 

2005 0.011092 -0.053882 -0.075269 

2006 -0.394328 -0.029883 0.081561 

2007 0.260561 0.000694 -0.005756 

2008 0.133183 -0.039982 0.005958 

2009 -0.098569 -0.002095 0.060191 

2010 0.117819 0.011133 -0.049520 

 

Note. Mi is the i
th

 principal component calculated from the macroeconomic- and 

infrastructure-related explanatory variables. As such, M1 is the first principal component 

and accounts for the most variation among the explanatory variables. 
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Figure E1. Graphical Representation of Principal Components for Macroeconomic- 

and Infrastructure-Related Explanatory Variables 

 

 

Note. Mi is the i
th

 principal component calculated from the macroeconomic- and 

infrastructure-related explanatory variables. As such, M1 is the first principal component 

and accounts for the most variation among the explanatory variables. 
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Figure E1. Graphical Representation of Principal Components for Macroeconomic- 

and Infrastructure-Related Explanatory Variables (Continued) 

 

 

Note. Mi is the i
th

 principal component calculated from the macroeconomic- and 

infrastructure-related explanatory variables. As such, M1 is the first principal component 

and accounts for the most variation among the explanatory variables. 
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Table E3. Principal Component Analysis for Health- and Education-Related 

Explanatory Variables 

 

Principal Components Analysis    

Sample (adjusted): 1980 2010    

Included observations: 31 after adjustments   

Balanced sample (listwise missing value deletion)   

Computed using: Ordinary correlations   

Extracting 10 of 10 possible components   
      
      Eigenvalues: (Sum = 10, Average = 1)   

    Cumulative Cumulative 

Number Value    Difference Proportion Value Proportion 
      
      1 5.812833 3.767522 0.5813 5.812833 0.5813 

2 2.045310 1.121780 0.2045 7.858143 0.7858 

3 0.923530 0.190915 0.0924 8.781674 0.8782 

4 0.732615 0.444260 0.0733 9.514289 0.9514 

5 0.288355 0.129907 0.0288 9.802643 0.9803 

6 0.158448 0.136610 0.0158 9.961091 0.9961 

7 0.021838 0.010376 0.0022 9.982930 0.9983 

8 0.011462 0.007332 0.0011 9.994392 0.9994 

9 0.004130 0.002652 0.0004 9.998522 0.9999 

10 0.001478 ---     0.0001 10.00000 1.0000 
      
      

 

Eigenvectors (loadings) 

 

Variable PC 1   PC 2   PC 3   PC 4   

     
     DPT immunization -0.296456 0.175428 0.289561 0.545105 

Incidence of tuberculosis 0.412064 -0.002246 0.290211 -0.035686 

Improved sanitation facilities -0.337466 0.311532 0.083862 -0.132644 

Sex ratio aged 0-4 0.189564 -0.180634 0.358326 -0.487690 

Old-age dependency ratio -0.399988 -0.787536 0.190709 -0.104738 

Number of physicians -0.026321 0.588883 0.001236 0.493827 

Public spending on education -0.052381 0.532097 0.505752 0.419297 

Adult literacy rate -0.402262 0.127380 0.125460 -0.014985 

Number of university students -0.375241 0.271543 0.116518 -0.000448 

Number of scientific and technical journal articles -0.355601 0.334671 0.066719 0.123617 
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Table E3. Principal Component Analysis for Health- and Education-Related 

Explanatory Variables (Continued) 

Eigenvectors (loadings) 

Variable PC 5   PC 6   PC 7   PC 8   

     
     DPT immunization -0.671461 -0.049905 0.160946 0.040234 

Incidence of tuberculosis -0.016182 0.095970 0.235633 0.190982 

Improved sanitation facilities 0.138133 0.848541 0.157086 -0.007140 

Sex ratio aged 0-4 0.097928 -0.319518 0.063526 0.041384 

Old-age dependency ratio 0.541841 -0.143867 -0.132089 0.194660 

Number of physicians 0.585069 -0.240465 0.084956 -0.020789 

Public spending on education 0.315175 0.236190 -0.321567 -0.116902 

Adult literacy rate 0.042596 -0.063722 -0.665167 -0.022866 

Number of university students 0.129007 -0.149982 0.452934 -0.674710 

Number of scientific and technical journal articles -0.199976 -0.072960 0.337927 0.672604 
     

     
 

Eigenvectors (loadings) 

Variable PC 9   PC 10   

   
   DPT immunization 0.343914 0.775269 

Incidence of tuberculosis 0.023988 0.005622 

Improved sanitation facilities -0.029337 0.015699 

Sex ratio aged 0-4 0.821024 -0.121533 

Old-age dependency ratio 0.017785 0.023693 

Number of physicians 0.101201 -0.009950 

Public spending on education -0.237682 0.548322 

Adult literacy rate -0.014855 0.268591 

Number of university students -0.346299 0.099915 

Number of scientific and technical journal articles 0.343914 0.775269 
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Table E4. Principal Component Values for Health- and Education-Related 

Explanatory Variables 

 

obs H1 H2 H3 H4 H5 

1980 -4.324242 -1.843072 -1.529459 -1.165947 0.605689 

1981 -3.956221 -1.475762 -0.661902 -1.081410 0.689642 

1982 -3.607434 -1.190814 0.051766 -0.861181 0.607003 

1983 -3.184894 -1.019603 0.567215 -0.501462 0.305377 

1984 -2.714717 -0.887052 1.019357 0.007872 -0.155200 

1985 -2.820665 -0.681014 -0.780395 0.807897 -0.752055 

1986 -2.477576 -0.557907 -0.075117 0.486506 -0.549091 

1987 -2.243660 -0.454026 0.408987 0.201837 -0.222046 

1988 -1.633827 0.076255 1.066527 1.025066 -0.566088 

1989 -1.323485 0.371709 1.586764 0.981729 -0.182653 

1990 -1.339817 0.711827 -0.813656 1.622604 -0.781688 

1991 -0.732788 1.127196 0.985661 0.404034 -0.333394 

1992 -0.506913 1.111213 1.028092 0.310526 -0.085616 

1993 -0.237166 1.083488 1.027441 0.232660 0.177924 

1994 0.064986 1.195449 1.099180 0.182434 0.554460 

1995 -0.662673 0.992097 -1.571571 0.811338 -0.000844 

1996 0.144905 1.452677 0.343388 -0.247887 0.245312 

1997 0.485623 1.537316 0.411013 -0.155532 0.412497 

1998 0.948809 2.294536 -0.208132 -0.646621 0.061500 

1999 1.338504 2.521311 -0.177851 -0.544386 0.463565 

2000 0.610378 1.643868 -2.330584 0.540894 -0.130548 

2001 1.539826 -0.201173 -0.274951 -1.866467 -1.452738 

2002 1.879346 1.410811 0.006386 -0.134634 0.739587 

2003 2.356938 0.767224 -0.087776 -0.820940 0.160661 

2004 2.878305 0.306653 -0.154531 -1.449940 -0.368978 

2005 2.050249 -0.088260 -2.102925 0.795399 0.175382 

2006 3.047984 -0.460291 -0.247853 -0.598986 -0.266991 

2007 3.370159 -1.794310 0.493414 -0.536919 -0.224841 

2008 3.475217 -2.934892 0.716163 -0.448137 -0.675706 

2009 3.784141 -1.908019 0.958637 0.975187 1.071796 

2010 3.790707 -3.107434 -0.753288 1.674467 0.478086 

 

Note. Hi is the i
th

 principal component calculated from the health- and education-related 

explanatory variables. As such, H1 is the first principal component and accounts for the 

most variation among the explanatory variables. 
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Table E4. Principal Component Values for Health- and Education-Related 

Explanatory Variables (Continued) 

 

obs H6 H7 H8 H9 H10 

1980 0.326591 -0.067495 -0.012088 -0.052320 0.085796 

1981 0.009000 0.025267 -0.007480 -0.029827 0.023377 

1982 -0.191557 0.097687 0.025379 0.012820 -0.051404 

1983 -0.270931 0.074250 0.045036 0.041274 -0.037102 

1984 -0.289435 0.083271 0.068050 0.094393 -0.014230 

1985 0.200126 0.118907 -0.031354 0.094381 -0.040468 

1986 0.037870 0.029598 -0.020340 0.018283 -0.027908 

1987 -0.028485 -0.117385 -0.044474 -0.053839 -0.029313 

1988 -0.156976 5.40E-05 0.007522 0.065858 0.012143 

1989 -0.240113 -0.086951 0.010898 0.037924 0.020519 

1990 0.321236 0.206893 -0.055326 -0.032129 0.048030 

1991 -0.153807 0.173174 0.021140 -0.091340 0.044051 

1992 0.143633 0.033190 0.003770 -0.082719 0.019437 

1993 0.498886 -0.070518 -0.072215 -0.055349 0.013566 

1994 0.852893 -0.156273 -0.152256 -0.006713 0.008253 

1995 0.083717 -0.247595 -0.081432 -0.104905 -0.044284 

1996 -0.423021 -0.170319 0.043988 -0.082868 -0.022556 

1997 -0.134000 -0.246275 0.070345 0.003021 -0.038203 

1998 -0.076756 0.137249 0.231571 -0.036707 -0.031648 

1999 0.274563 0.140355 0.195631 0.027450 -0.015142 

2000 -0.410969 -0.108480 0.151588 0.083854 0.098109 

2001 0.003911 -0.306484 0.090577 0.040546 -0.003488 

2002 -0.377761 -0.055640 -0.207034 0.151566 0.013728 

2003 0.245770 0.077239 -0.158056 0.093522 0.001239 

2004 0.882769 0.261320 -0.057820 0.025861 -0.012566 

2005 -0.540502 0.026685 -0.199344 -0.016815 -0.066828 

2006 -0.771999 0.320290 -0.061666 -0.115974 -0.005245 

2007 0.059618 -0.010533 -0.089243 -0.020376 0.041602 

2008 -0.266740 -0.175471 -0.002770 -0.030861 0.008912 

2009 -0.469558 0.047654 0.067039 0.012718 0.042760 

2010 0.862026 -0.033665 0.220366 0.009273 -0.041135 

 

Note. Hi is the i
th

 principal component calculated from the health- and education-related 

explanatory variables. As such, H1 is the first principal component and accounts for the 

most variation among the explanatory variables. 

  



197 

Figure E2. Graphical Representation of Principal Components for Health- and 

Education-Related Explanatory Variables 

 
 

Note. Hi is the i
th

 principal component calculated from the health- and education-related 

explanatory variables. As such, H1 is the first principal component and accounts for the 

most variation among the explanatory variables. 
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Figure E2. Graphical Representation of Principal Components for Health- and 

Education-Related Explanatory Variables (Continued) 

 

 

Note. Hi is the i
th

 principal component calculated from the health- and education-related 

explanatory variables. As such, H1 is the first principal component and accounts for the 

most variation among the explanatory variables. 
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Table E5. Principal Component Analysis for Energy-Related Explanatory Variables 

 

Principal Components Analysis    

Sample (adjusted): 1980 2010    

Included observations: 31 after adjustments   

Balanced sample (listwise missing value deletion)   

Computed using: Ordinary correlations   

Extracting 5 of 5 possible components   
      
      Eigenvalues: (Sum = 5, Average = 1)   

    Cumulative Cumulative 

Number Value    Difference Proportion Value Proportion 
      
      1 2.720955 1.317484 0.5442 2.720955 0.5442 

2 1.403471 0.940009 0.2807 4.124426 0.8249 

3 0.463462 0.059365 0.0927 4.587888 0.9176 

4 0.404097 0.396081 0.0808 4.991985 0.9984 

5 0.008015 ---     0.0016 5.000000 1.0000 
      
       

Eigenvectors (loadings) 

Variable PC 1   PC 2   PC 3   
    
    Energy use  0.583805 0.118848 0.231701 

Electricity production from non-oil, non-gas and non-coal 
sources  

-0.154363 -0.733111 0.331998 

Vehicles  0.559363 0.107624 0.369236 

Gross industrial output  0.460320 0.261957 -0.802287 

Agricultural land  0.332510 -0.580253 0.236838 

    
    
 
Eigenvectors (loadings) 

Variable PC 4   PC 5   
   
   Energy use  -0.241908 0.729961 
Electricity production from non-oil, non-gas and non-coal 
sources  0.156659 0.086479 

Vehicles  -0.229664 -0.167448 

Gross industrial output  0.266904 0.167693 

Agricultural land  0.704612 0.813129 
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Table E6. Principal Component Values for Energy-Related Explanatory Variables 

 

obs E1 E2 E3 E4 E5 

1980 -2.107888 1.056614 -0.948184 -1.805343 -0.109263 

1981 -2.233226 1.560144 -0.482588 -1.112951 -0.058745 

1982 -2.267178 1.976507 -0.115227 -0.521314 0.019196 

1983 -2.154079 2.244905 0.416175 0.525673 0.124516 

1984 -1.927203 1.478290 0.323340 0.207390 0.109661 

1985 -1.622969 0.982732 0.327990 0.480232 0.063222 

1986 -1.346034 0.273438 0.133192 0.272575 0.004089 

1987 -1.017113 -0.174958 -0.103321 0.255200 -0.022763 

1988 -0.726291 -0.302981 -0.226196 0.487458 -0.013913 

1989 -0.476227 -0.289540 -0.375181 0.833914 -0.038682 

1990 -0.437119 -0.237575 -0.269205 0.843246 0.034971 

1991 -0.402525 -1.026104 -0.411959 0.222966 -0.088852 

1992 -0.159182 -1.288557 -0.730186 0.017004 -0.143669 

1993 0.033101 -0.915411 -0.820455 0.313513 -0.089335 

1994 0.162953 -0.316956 -0.823822 0.781300 -0.024956 

1995 0.319527 0.046596 -0.803166 1.060787 0.066544 

1996 0.310745 -0.664233 -0.686821 0.458521 0.044953 

1997 0.437965 -0.639807 -0.795981 0.467776 -0.047378 

1998 -0.715215 -1.158899 1.336902 -0.008525 0.089161 

1999 -0.476127 -1.802281 1.155022 -0.247193 -0.038581 

2000 -0.483709 -1.484794 0.910712 -0.522426 -0.124178 

2001 -0.622561 -0.540704 1.323968 0.136190 -0.117536 

2002 -0.402452 -0.830024 1.005370 -0.140140 0.021783 

2003 0.250865 -1.326108 0.391200 -0.740377 0.064845 

2004 1.136091 -0.620278 0.239521 -0.237010 0.119210 

2005 1.607657 -0.485212 -0.056526 -0.420731 0.131051 

2006 2.247519 -0.575702 -0.397132 -0.683335 0.108396 

2007 2.624395 -0.387674 -0.627741 -1.034277 0.043672 

2008 3.028344 0.744681 -0.369583 -0.379058 0.109955 

2009 3.314535 1.734505 0.622828 -0.035932 -0.010873 

2010 4.103400 2.969386 0.857053 0.524866 -0.226504 

 

Note. Ei is the i
th

 principal component calculated from the energy-related explanatory 

variables. As such, E1 is the first principal component and accounts for the most variation 

among the explanatory variables. 
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Figure E3. Graphical Representation of Principal Components for Energy-Related 

Explanatory Variables 

 

 

Note. Ei is the i
th

 principal component calculated from the energy-related explanatory 

variables. As such, E1 is the first principal component and accounts for the most variation 

among the explanatory variables. 
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APPENDIX F 

Eviews Output for First-Stage Estimations, 1980 – 2010 

Table F1. Real GDP Per Capita (GDPPC) with All Coefficients 

 

Dependent Variable: GDPPC   

Method: Least Squares   

Sample (adjusted): 1980 2010   

Included observations: 31 after adjustments  

Convergence achieved after 16 iterations  

HAC standard errors & covariance (Bartlett kernel, Newey-West fixed 

        bandwidth = 4.0000)   

MA Backcast: 1979   
     
     Variable Coefficient Std. Error t-Statistic Prob.   
     
     C 0.115973 0.008246 14.06360 0.0000 

GDPPC(-1) 1.026935 0.150225 6.835963 0.0000 

LE(-1) 0.110857 -0.033542 -3.305011 0.0416 

GOVHEALTH(-1) 0.390930 -0.370499 -1.055153 0.3081 

M1 0.038042 0.011421 3.330751 0.0531 

M2 -0.010201 0.009865 -1.034015 0.3175 

M3 0.005351 0.010826 0.494289 0.6283 

M4 0.018149 0.005935 3.057918 0.0368 

M5 0.001924 0.006555 0.293519 0.7731 

M1(-1) 0.042710 0.051789 0.824697 0.4225 

M2(-1) 0.038831 0.049098 0.790883 0.5935 

M3(-1) -0.035990 0.028224 -1.275174 0.2216 

M4(-1) -0.019699 0.005949 -3.311397 0.0498 

M5(-1) -0.005273 0.014402 -0.366118 0.7194 

MA(1) 0.399833 0.062825 6.364198 0.0000 
     
     R-squared 0.999848     Mean dependent var 0.034476 

Adjusted R-squared 0.999707     S.D. dependent var 0.998181 

S.E. of regression 0.017091     Akaike info criterion -4.993631 

Sum squared resid 0.004382     Schwarz criterion -4.293032 

Log likelihood 89.90446     Hannan-Quinn criter. -4.769503 

F-statistic 7064.283     Durbin-Watson stat 1.927513 

Prob(F-statistic) 0.000000    
     
     Inverted MA Roots      -.39   
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Table F2. Real GDP Per Capita (GDPPC) with Statistically Significant Coefficients 

 

Dependent Variable: GDPPC   

Method: Least Squares   

Sample (adjusted): 1981 2010   

Included observations: 30 after adjustments  

Convergence achieved after 6 iterations  

HAC standard errors & covariance (Bartlett kernel, Newey-West fixed 

        bandwidth = 4.0000)   
     
     Variable Coefficient Std. Error t-Statistic Prob.   
     
     C 0.114434 0.007575 15.10732 0.0000 

GDPPC(-1) 1.099518 0.012820 85.76817 0.0000 

LE(-1) 0.106728 0.021966 4.858862 0.0365 

M1 0.040712 0.003829 10.63356 0.0166 

M4 0.020143 0.007426 2.712467 0.0127 

M4(-1) -0.022749 0.008827 -2.577331 0.0172 

AR(1) 0.327251 0.186720 1.752631 0.0936 
     
     R-squared 0.999588     Mean dependent var 0.070941 

Adjusted R-squared 0.999476     S.D. dependent var 0.995306 

S.E. of regression 0.022778     Akaike info criterion -4.519536 

Sum squared resid 0.011414     Schwarz criterion -4.189499 

Log likelihood 72.53327     Hannan-Quinn criter. -4.416173 

F-statistic 8906.546     Durbin-Watson stat 1.921646 

Prob(F-statistic) 0.000000    
     
     Inverted AR Roots       .33   
     
     

 

 

  



204 

Table F3. Poverty Ratio (POVERTY) with All Coefficients 

 

Dependent Variable: POVERTY   

Method: Least Squares   

Sample (adjusted): 1980 2010   

Included observations: 31 after adjustments  

HAC standard errors & covariance (Bartlett kernel, Newey-West fixed 

        bandwidth = 4.0000)   
     
     Variable Coefficient Std. Error t-Statistic Prob.   
     
     C -0.034574 0.033357 -1.036483 0.3164 

POVERTY(-1) 0.766435 0.117717 6.510853 0.0000 

GDPPC(-1) 0.283616 0.222061 1.277199 0.2209 

LE(-1) 0.043563 0.313809 0.138820 0.8914 

GOVHEALTH(-1) -0.002044 0.000780 -2.618933 0.0194 

M1 -0.154435 0.058070 -2.659452 0.0178 

M2 -0.040576 0.045246 -0.896786 0.3840 

M3 0.121509 0.052169 2.329164 0.0342 

M4 0.053915 0.022306 2.417030 0.0469 

M5 0.007769 0.026055 0.298181 0.7697 

M1(-1) -0.096603 0.136533 -0.707543 0.4901 

M2(-1) -0.029863 0.054532 -0.547626 0.5920 

M3(-1) 0.024684 0.075928 0.325096 0.7496 

M4(-1) -0.049119 0.040267 -1.219821 0.2414 

M5(-1) 0.086383 0.037628 2.295709 0.0365 
     
     R-squared 0.998099     Mean dependent var -0.046132 

Adjusted R-squared 0.996324     S.D. dependent var 0.982972 

S.E. of regression 0.059596     Akaike info criterion -2.495600 

Sum squared resid 0.053275     Schwarz criterion -1.795001 

Log likelihood 52.43400     Hannan-Quinn criter. -2.271472 

F-statistic 562.4578     Durbin-Watson stat 1.979208 

Prob(F-statistic) 0.000000    
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Table F4. Poverty Ratio (POVERTY) with Statistically Significant Coefficients 

 

Dependent Variable: POVERTY   

Method: Least Squares   

Sample (adjusted): 1980 2010   

Included observations: 31 after adjustments  

Convergence achieved after 7 iterations  

HAC standard errors & covariance (Bartlett kernel, Newey-West fixed 

        bandwidth = 4.0000)   

MA Backcast: 1979   
     
     Variable Coefficient Std. Error t-Statistic Prob.   
     
     C -0.055039 0.016001 -3.439819 0.0023 

POVERTY(-1) 0.760608 0.073167 10.39552 0.0000 

GOVHEALTH(-1) -0.001095 0.000260 -4.206513 0.0004 

M1 -0.117237 0.028753 -4.077398 0.0005 

M3 0.052900 0.016522 3.201778 0.0041 

M4 0.028134 0.011514 2.443375 0.0230 

M5(-1) 0.054342 0.022473 2.418104 0.0243 

MA(1) 0.499084 0.161043 3.099068 0.0052 
     
     R-squared 0.997802     Mean dependent var -0.046132 

Adjusted R-squared 0.997103     S.D. dependent var 0.982972 

S.E. of regression 0.052910     Akaike info criterion -2.817266 

Sum squared resid 0.061589     Schwarz criterion -2.443613 

Log likelihood 50.25899     Hannan-Quinn criter. -2.697731 

F-statistic 1426.754     Durbin-Watson stat 1.987848 

Prob(F-statistic) 0.000000    
     
     Inverted MA Roots      -.50   
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Table F5. Life Expectancy (LE) with All Coefficients 

 

Dependent Variable: LE   

Method: Least Squares   

Sample (adjusted): 1981 2010   

Included observations: 30 after adjustments  

Convergence achieved after 22 iterations  

HAC standard errors & covariance (Bartlett kernel, Newey-West fixed 

        bandwidth = 4.0000)   
     
     Variable Coefficient Std. Error t-Statistic Prob.   
     
     C -10.69242 0.570823 -18.73159 0.0000 

LE(-1) 1.149232 0.039077 29.40928 0.0000 

GDPPC(-1) 65.13670 44.14251 1.475600 0.6429 

POVERTY(-1) -0.062103 0.028251 -2.198264 0.0483 

CO2(-1) -0.467240 0.133289 -3.505335 0.0043 

GOVHEALTH(-1) 0.011820 0.011961 0.988240 0.3425 

H1 -0.030595 0.012512 -2.445329 0.0309 

H2 0.018452 0.004346 4.246046 0.0011 

H3 0.010965 0.004388 2.498618 0.0280 

H4 -0.002195 0.003171 -0.692254 0.5020 

H5 -0.013208 0.005507 -2.398471 0.0336 

H1(-1) -0.015469 0.011357 -1.362051 0.1982 

H2(-1) 0.009318 0.004949 1.882938 0.0394 

H3(-1) 0.008118 0.003646 2.226264 0.0459 

H4(-1) 0.001297 0.004903 0.264554 0.7958 

H5(-1) -0.007739 0.007538 -1.026651 0.3248 

AR(1) 0.363799 0.267799 1.358479 0.1993 
     
     R-squared 0.999982     Mean dependent var 0.100425 

Adjusted R-squared 0.999957     S.D. dependent var 0.953631 

S.E. of regression 0.006251     Akaike info criterion -7.022248 

Sum squared resid 0.000469     Schwarz criterion -6.220730 

Log likelihood 118.8226     Hannan-Quinn criter. -6.771223 

F-statistic 40732.87     Durbin-Watson stat 1.915414 

Prob(F-statistic) 0.000000    
     
     Inverted AR Roots       .36   
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Table F6. Life Expectancy (LE) with Statistically Significant Coefficients 

 

Dependent Variable: LE   

Method: Least Squares   

Sample (adjusted): 1981 2010   

Included observations: 30 after adjustments  

Convergence achieved after 13 iterations  

HAC standard errors & covariance (Bartlett kernel, Newey-West fixed 

        bandwidth = 4.0000)   
     
     Variable Coefficient Std. Error t-Statistic Prob.   
     
     C -10.65882 0.322323 -33.06876 0.0000 

LE(-1) 1.116957 0.029130 38.34354 0.0000 

POVERTY(-1) -0.078513 0.021804 -3.600823 0.0019 

CO2(-1) -0. 439541 0.089291 -4.922492 0.0001 

H1 -0.027148 0.007281 -3.728791 0.0014 

H2 0.019945 0.002343 8.512322 0.0000 

H3 0.011090 0.003030 3.660446 0.0017 

H5 -0.014313 0.002981 -4.801269 0.0001 

H2(-1) 0.004208 0.001983 2.122023 0.0475 

AR(1) 0.337749 0.063553 5.314421 0.0000 
     
     R-squared 0.999973     Mean dependent var 0.100425 

Adjusted R-squared 0.999961     S.D. dependent var 0.953631 

S.E. of regression 0.005962     Akaike info criterion -7.139935 

Sum squared resid 0.000675     Schwarz criterion -6.668454 

Log likelihood 113.5291     Hannan-Quinn criter. -6.992273 

F-statistic 79587.13     Durbin-Watson stat 1.994100 

Prob(F-statistic) 0.000000    
     
     Inverted AR Roots       .34   
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Table F7. Per-Capita Government Spending on Healthcare (GOVHEALTH) with 

All Coefficients 

 

Dependent Variable: GOVHEALTH   

Method: Least Squares   

Sample (adjusted): 1980 2010   

Included observations: 31 after adjustments  

HAC standard errors & covariance (Bartlett kernel, Newey-West fixed 

        bandwidth = 4.0000)   
     
     Variable Coefficient Std. Error t-Statistic Prob.   
     
     C -22.72862 3.457877 -6.572999 0.0000 

GOVHEALTH(-1) 0.712780 0.161044 4.425993 0.0004 

GDPPC(-1) 14.28566 4.943252 2.889934 0.0107 

CO2(-1) -0.200043 0.148601 -1.346175 0.1970 

H1 -0.258661 0.112202 -2.305324 0.0349 

H2 0.029376 0.045120 0.651058 0.5243 

H3 0.078026 0.037429 2.084638 0.0535 

H4 -0.026789 0.036221 -0.739598 0.4703 

H5 0.051327 0.083045 0.618065 0.5452 

H1(-1) -0.038959 0.121438 -0.320815 0.7525 

H2(-1) 0.037706 0.070473 0.535045 0.6000 

H3(-1) 0.073109 0.038048 1.921470 0.0477 

H4(-1) 0.084115 0.050777 1.656567 0.1171 

H5(-1) -0.081580 0.080739 -1.010416 0.3273 
     
     R-squared 0.996727     Mean dependent var 0.019969 

Adjusted R-squared 0.994067     S.D. dependent var 1.010789 

S.E. of regression 0.077855     Akaike info criterion -1.963214 

Sum squared resid 0.096982     Schwarz criterion -1.309322 

Log likelihood 43.44822     Hannan-Quinn criter. -1.754029 

F-statistic 374.7828     Durbin-Watson stat 2.198476 

Prob(F-statistic) 0.000000    
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Table F8. Per-Capita Government Spending on Healthcare (GOVHEALTH) with 

Statistically Significant Coefficients 

 

Dependent Variable: GOVHEALTH   

Method: Least Squares   

Sample (adjusted): 1980 2010   

Included observations: 31 after adjustments  

HAC standard errors & covariance (Bartlett kernel, Newey-West fixed 

        bandwidth = 4.0000)   
     
     Variable Coefficient Std. Error t-Statistic Prob.   
     
     C -151.8144 14.91177 -10.18085 0.0000 

GOVHEALTH(-1) 0.887951 0.094976 9.349214 0.0000 

GDPPC(-1) 65.10931 15.41871 4.222736 0.0003 

H1 -0.127867 0.030473 -4.196046 0.0003 

H3 0.074939 0.025502 2.938543 0.0072 

H3(-1) 0.032207 0.010646 3.025386 0.0058 
     
     R-squared 0.994679     Mean dependent var 0.019969 

Adjusted R-squared 0.993570     S.D. dependent var 1.010789 

S.E. of regression 0.081051     Akaike info criterion -2.010628 

Sum squared resid 0.157661     Schwarz criterion -1.730389 

Log likelihood 36.15942     Hannan-Quinn criter. -1.920977 

F-statistic 897.2608     Durbin-Watson stat 2.185720 

Prob(F-statistic) 0.000000    
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Table F9. Carbon Dioxide Emission (CO2) with All Coefficients 

 

Dependent Variable: CO2   

Method: Least Squares   

Sample (adjusted): 1980 2010   

Included observations: 31 after adjustments  

HAC standard errors & covariance (Bartlett kernel, Newey-West fixed 

        bandwidth = 4.0000)   
     
     Variable Coefficient Std. Error t-Statistic Prob.   
     
     C -0.014822 0.019769 -0.749754 0.4637 

CO2(-1) 0.470604 0.210967 2.230699 0.0395 

GDPPC(-1) 0.058150 0.152796 0.380572 0.7082 

E1 0.653676 0.069542 9.399678 0.0000 

E2 0.176474 0.073843 2.389838 0.0287 

E3 0.263660 0.049752 5.299436 0.0001 

E4 -0.287481 0.095935 -2.996622 0.0081 

E5 0.122623 0.267538 0.458338 0.6525 

E1(-1) 0.405546 0.155772 2.603464 0.0185 

E2(-1) 0.113548 0.060987 1.861829 0.0368 

E3(-1) 0.144933 0.073749 1.965233 0.0360 

E4(-1) -0.209164 0.104409 -2.003306 0.0414 

E5(-1) -0.082856 0.156301 -0.530105 0.6029 
     
     R-squared 0.998860     Mean dependent var 0.034758 

Adjusted R-squared 0.998056     S.D. dependent var 0.997868 

S.E. of regression 0.043999     Akaike info criterion -3.110629 

Sum squared resid 0.032910     Schwarz criterion -2.503444 

Log likelihood 59.65944     Hannan-Quinn criter. -2.916385 

F-statistic 1241.616     Durbin-Watson stat 2.188504 

Prob(F-statistic) 0.000000    
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Table F10. Carbon Dioxide Emission (CO2) with Statistically Significant 

Coefficients 

 

Dependent Variable: CO2   

Method: Least Squares   

Sample (adjusted): 1980 2010   

Included observations: 31 after adjustments  

HAC standard errors & covariance (Bartlett kernel, Newey-West fixed 

        bandwidth = 4.0000)   
     
     Variable Coefficient Std. Error t-Statistic Prob.   
     
     C -0.019228 0.017689 -1.087015 0.2900 

CO2(-1) 0.624469 0.116268 5.370927 0.0000 

E1 0.664966 0.055317 12.02104 0.0000 

E2 0.192264 0.052811 3.640593 0.0016 

E3 0.286884 0.033363 8.598772 0.0000 

E4 -0.306741 0.066475 -4.614383 0.0002 

E1(-1) 0.480012 0.072063 6.660980 0.0000 

E2(-1) 0.144850 0.054854 2.640639 0.0157 

E3(-1) 0.184814 0.038115 4.848827 0.0001 

E4(-1) -0.242269 0.086973 -2.785575 0.0114 
     
     R-squared 0.998762     Mean dependent var 0.034758 

Adjusted R-squared 0.998205     S.D. dependent var 0.997868 

S.E. of regression 0.042281     Akaike info criterion -3.227761 

Sum squared resid 0.035753     Schwarz criterion -2.760695 

Log likelihood 58.41641     Hannan-Quinn criter. -3.078343 

F-statistic 1792.566     Durbin-Watson stat 2.068047 

Prob(F-statistic) 0.000000    
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Table F11. Fertilizer Consumption (FERTILIZER) with All Coefficients 

 

Dependent Variable: FERTILIZER  

Method: Least Squares   

Sample (adjusted): 1980 2010   

Included observations: 31 after adjustments  

HAC standard errors & covariance (Bartlett kernel, Newey-West fixed 

        bandwidth = 4.0000)   
     
     Variable Coefficient Std. Error t-Statistic Prob.   
     
     C -68.8956 6.757777 -10.19501 0.0001 

FERTILIZER(-1) 0.092734 0.246592 0.376062 0.7115 

GDPPC(-1) 13.86557 6.100019 2.273036 0.0363 

E1 -0.649588 0.257097 -2.526622 0.0217 

E2 -0.408377 0.221586 -1.842972 0.0294 

E3 -0.692524 0.167908 -4.124432 0.0007 

E4 0.113182 0.274019 0.413045 0.6847 

E5 2.207987 0.681110 3.241750 0.0048 

E1(-1) 0.609449 0.251780 2.420560 0.0335 

E2(-1) 0.425501 0.110945 3.835228 0.0440 

E3(-1) -0.415612 0.126221 -3.292728 0.0234 

E4(-1) -0.095796 0.288975 -0.331503 0.7443 

E5(-1) 1.990276 0.901417 2.207941 0.0108 
     
     R-squared 0.979738     Mean dependent var 0.037052 

Adjusted R-squared 0.965435     S.D. dependent var 0.995217 

S.E. of regression 0.185028     Akaike info criterion -0.237935 

Sum squared resid 0.582002     Schwarz criterion 0.369250 

Log likelihood 16.56903     Hannan-Quinn criter. -0.043691 

F-statistic 68.49939     Durbin-Watson stat 2.005032 

Prob(F-statistic) 0.000000    
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Table F12. Fertilizer Consumption (FERTILIZER) with Statistically Significant 

Coefficients 

 

Dependent Variable: FERTILIZER  

Method: Least Squares   

Sample (adjusted): 1980 2010   

Included observations: 31 after adjustments  

HAC standard errors & covariance (Bartlett kernel, Newey-West fixed 

        bandwidth = 4.0000)   
     
     Variable Coefficient Std. Error t-Statistic Prob.   
     
     C -63.68722 3.747177 -16.99605 0.0000 

GDPPC(-1) 14.38432 1.013140 14.19780 0.0000 

E1 0.536625 0.145700 3.683087 0.0015 

E2 0.352226 0.095215 3.699266 0.0014 

E3 -0.623753 0.079601 -7.835951 0.0000 

E5 0.951705 0.207004 4.597525 0.0002 

E1(-1) 0.493837 0.150272 3.286278 0.0037 

E2(-1) 0.357142 0.102343 3.489654 0.0023 

E3(-1) -0.329667 0.100102 -3.293300 0.0036 

E5(-1) 0.887729 0.326501 2.718919 0.0132 
     
     R-squared 0.979261     Mean dependent var 0.037052 

Adjusted R-squared 0.969929     S.D. dependent var 0.995217 

S.E. of regression 0.172582     Akaike info criterion -0.414692 

Sum squared resid 0.595688     Schwarz criterion 0.052373 

Log likelihood 16.22039     Hannan-Quinn criter. -0.265274 

F-statistic 104.9304     Durbin-Watson stat 1.932200 

Prob(F-statistic) 0.000000    
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Table F13. Solid Waste Disposal (WASTE) with All Coefficients 

 

Dependent Variable: WASTE   

Method: Least Squares   

Sample (adjusted): 1981 2010   

Included observations: 30 after adjustments  

Convergence achieved after 12 iterations  

HAC standard errors & covariance (Bartlett kernel, Newey-West fixed 

        bandwidth = 4.0000)   
     
     Variable Coefficient Std. Error t-Statistic Prob.   
     
     C 2331.612 189.3399 12.31443 0.0000 

WASTE(-1) 0.964860 0.100745 9.577209 0.0000 

GDPPC(-1) -2603.510 1491.930 -1.745061 0.4677 

E1 0.241557 0.242448 0.996325 0.9090 

E2 0.427139 0.200396 2.131478 0.0500 

E3 0.175799 1.247270 0.140947 0.7491 

E4 -0.275676 0.141260 -1.951557 0.0475 

E5 0.418554 0.148248 2.823346 0.0232 

E1(-1) 0.000634 0.152075 0.004169 0.9967 

E2(-1) 0.486125 0.173937 2.794831 0.0136 

E3(-1) -0.122411 0.061423 -1.992906 0.0217 

E4(-1) -0.386341 0.138610 -2.787253 0.0341 

E5(-1) -1.213967 1.079992 -1.124052 0.5070 

AR(1) -0.459346 0.145206 -3.163400 0.0064 
     
     R-squared 0.994442     Mean dependent var -0.092142 

Adjusted R-squared 0.989625     S.D. dependent var 0.967016 

S.E. of regression 0.098500     Akaike info criterion -1.491257 

Sum squared resid 0.145533     Schwarz criterion -0.831183 

Log likelihood 35.62322     Hannan-Quinn criter. -1.284530 

F-statistic 206.4394     Durbin-Watson stat 2.111933 

Prob(F-statistic) 0.000000    
     
     Inverted AR Roots      -.76   
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Table F14. Solid Waste Disposal (WASTE) with Statistically Significant Coefficients 

 

Dependent Variable: WASTE   

Method: Least Squares   

Sample (adjusted): 1981 2010   

Included observations: 30 after adjustments  

Convergence achieved after 10 iterations  

HAC standard errors & covariance (Bartlett kernel, Newey-West fixed 

        bandwidth = 4.0000)   
Show o     

     Variable Coefficient Std. Error t-Statistic Prob.   
     
     C -0.085268 0.011783 -7.236234 0.0000 

WASTE(-1) 0.776434 0.087377 8.885997 0.0000 

E2 0.494663 0.256546 1.928168 0.0682 

E4 -0.523049 0.276052 -1.894746 0.0727 

E5 0.765157 0.349445 2.189635 0.0406 

E2(-1) 0.538311 0.250836 2.146064 0.0443 

E3(-1) -0.159865 0.037388 -4.275820 0.0004 

E4(-1) -0.522188 0.291721 -1.790024 0.0886 

AR(1) -0.357819 0.164212 -2.179001 0.0415 
     
     R-squared 0.991476     Mean dependent var -0.092142 

Adjusted R-squared 0.988067     S.D. dependent var 0.967016 

S.E. of regression 0.105636     Akaike info criterion -1.408517 

Sum squared resid 0.223177     Schwarz criterion -0.984184 

Log likelihood 29.42350     Hannan-Quinn criter. -1.275622 

F-statistic 290.8022     Durbin-Watson stat 2.042978 

Prob(F-statistic) 0.000000    
     
     Inverted AR Roots      -.36   
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APPENDIX G 

Eviews Output for Second-Stage Estimation, 1980 - 2010 

Table G1. Real GDP per capita (GDPPC) with All Coefficients 

 
 

Dependent Variable: GDPPC   

Method: Least Squares   

Sample (adjusted): 1982 2010   

Included observations: 28 after adjustments  

Convergence achieved after 9 iterations  

HAC standard errors & covariance (Bartlett kernel, Newey-West fixed 

        bandwidth = 4.0000)   
     
     Variable Coefficient Std. Error t-Statistic Prob.   
     
     C 0.466561 0.115530 4.038425 0.0010 

LE_F 0.299574 0.076774 3.902002 0.0013 

LE(-1) 0.137128 0.029573 4.636910 0.0003 

GOVHEALTH_F 0.671931 0.048083 13.97427 0.0000 

GOVHEALTH(-1) 0.213945 0.062175 3.441039 0.0034 

M1 0.212516 0.063333 3.355527 0.0268 

M2 0.916875 0.235624 3.891262 0.0260 

M3 0.019636 0.020218 0.971207 0.3459 

M4 0.035549 0.012516 2.840381 0.0118 

M5 -0.019635 0.013418 -1.463283 0.1628 

AR(1) 0.690187 0.162700 4.242082 0.0006 

AR(2) -0.308926 0.041268 -7.485876 0.0000 
     
     R-squared 0.999550     Mean dependent var 0.109200 

Adjusted R-squared 0.999241     S.D. dependent var 0.991617 

S.E. of regression 0.027325     Akaike info criterion -4.064532 

Sum squared resid 0.011946     Schwarz criterion -3.493588 

Log likelihood 68.90345     Hannan-Quinn criter. -3.889989 

F-statistic 3231.140     Durbin-Watson stat 2.080399 

Prob(F-statistic) 0.000000    
     
     Inverted AR Roots  .35-.89i      .35+.89i  
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Table G2. Real GDP per capita (GDPPC) with Statistically Significant Coefficients 

 
Dependent Variable: GDPPC   

Method: Least Squares   

Sample (adjusted): 1980 2010   

Included observations: 31 after adjustments  

Failure to improve SSR after 11 iterations  

HAC standard errors & covariance (Bartlett kernel, Newey-West fixed 

        bandwidth = 4.0000)   

MA Backcast: 1979   
     
     Variable Coefficient Std. Error t-Statistic Prob.   
     
     C 0.310870 0.120044 2.589643 0.0171 

LE_F 0.212804 0.091436 2.327362 0.0300 

LE(-1) 0.136312 0.042665 3.194904 0.0044 

GOVHEALTH_F 0.553219 0.055028 10.05335 0.0000 

GOVHEALTH(-1) 0.241600 0.113573 2.127273 0.0454 

M1 0.274250 0.091530 2.996297 0.0304 

M2 0.978251 0.311384 3.141624 0.0265 

M4 0.031082 0.011209 2.772846 0.0114 

MA(1) 0.498870 0.121957 4.090551 0.0005 
     
     R-squared 0.999392     Mean dependent var 0.034476 

Adjusted R-squared 0.999161     S.D. dependent var 0.998181 

S.E. of regression 0.028913     Akaike info criterion -4.005757 

Sum squared resid 0.017555     Schwarz criterion -3.585398 

Log likelihood 69.08635     Hannan-Quinn criter. -3.871280 

F-statistic 4318.075     Durbin-Watson stat 1.947070 

Prob(F-statistic) 0.000000    
     
     Inverted MA Roots      -.50   
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Table G3. Poverty Ratio (POVERTY) with All Coefficients 

 

Dependent Variable: POVERTY   

Method: Least Squares   

Sample (adjusted): 1980 2010   

Included observations: 30 after adjustments  

Convergence achieved after 27 iterations  

HAC standard errors & covariance (Bartlett kernel, Newey-West fixed 

        bandwidth = 4.0000)   

MA Backcast: 1979   
     
     Variable Coefficient Std. Error t-Statistic Prob.   
     
     C 0.480377 0.249862 1.922568 0.0715 

GDPPC_F -0.658139 0.213843 -3.077681 0.0390 

GDPPC(-1) -0.822442 0.324544 -2.534149 0.0134 

LE_F 2.505941 1.760052 1.423788 0.1726 

LE(-1) -2.289985 1.844926 -1.241234 0.2314 

GOVHEALTH_F -0.006369 0.002155 -2.955747 0.0089 

GOVHEALTH(-1) -0.003242 0.001002 -3.236844 0.0156 

M1 -0.042244 0.018000 -2.346829 0.0313 

M2 -0.014229 0.004525 -3.144316 0.0269 

M3 0.089026 0.232143 0.383497 0.9035 

M4 -0.034581 0.017352 -1.992914 0.0441 

M5 -0.002628 0.023393 -0.112342 0.9119 

MA(1) 0.748743 0.179035 4.182099 0.0006 
     
     R-squared 0.997927     Mean dependent var -0.046132 

Adjusted R-squared 0.996464     S.D. dependent var 0.982972 

S.E. of regression 0.058449     Akaike info criterion -2.542641 

Sum squared resid 0.058077     Schwarz criterion -1.935455 

Log likelihood 51.13961     Hannan-Quinn criter. -2.348397 

F-statistic 682.0928     Durbin-Watson stat 1.887141 

Prob(F-statistic) 0.000000    
     
     Inverted MA Roots      -.75   
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Table G4. Poverty Ratio (POVERTY) with Statistically Significant Coefficients 

 
Dependent Variable: POVERTY   

Method: Least Squares   

Sample (adjusted): 1980 2010   

Included observations: 31 after adjustments  

Convergence achieved after 17 iterations  

HAC standard errors & covariance (Bartlett kernel, Newey-West fixed 

        bandwidth = 4.0000)   

MA Backcast: 1978 1979   
     
     Variable Coefficient Std. Error t-Statistic Prob.   
     
     C 0.163499 0.038875 4.205777 0.0004 

GDPPC_F -0.722250 0.328675 -2.197457 0.0251 

GDPPC(-1) -0.714586 0.320561 -2.229171 0.0333 

GOVHEALTH_F -0.003283 0.000835 -3.932001 0.0008 

GOVHEALTH(-1) -0.002589 0.000911 -2.842953 0.0492 

M1 -0.049027 0.015963 -3.071308 0.0268 

M2 -0.038683 0.008852 -4.370191 0.0003 

M4 -0.039635 0.016657 -2.379488 0.0274 

MA(1) 0.208252 0.035023 5.946143 0.0000 

MA(2) 0.208537 0.247720 0.841827 0.4098 
     
     R-squared 0.997381     Mean dependent var -0.046132 

Adjusted R-squared 0.996202     S.D. dependent var 0.982972 

S.E. of regression 0.060579     Akaike info criterion -2.508534 

Sum squared resid 0.073396     Schwarz criterion -2.041468 

Log likelihood 47.62800     Hannan-Quinn criter. -2.359115 

F-statistic 846.1626     Durbin-Watson stat 1.886383 

Prob(F-statistic) 0.000000    
     
     Inverted MA Roots      -.21   
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Table G5. Life Expectancy (LE) with All Coefficients 

 

Dependent Variable: LE   

Method: Least Squares   

Sample (adjusted): 1980 2010   

Included observations: 31 after adjustments  

HAC standard errors & covariance (Bartlett kernel, Newey-West fixed 

        bandwidth = 4.0000)   
     
     Variable Coefficient Std. Error t-Statistic Prob.   
     
     C -4117.508 392.0499 -10.50251 0.0001 

GDPPC_F 83.40392 21.75679 3.833466 0.0169 

GDPPC(-1) 65.14573 28.14818 2.314385 0.0343 

POVERTY_F -0.217035 0.263804 -0.822713 0.4228 

POVERTY(-1) -0.171167 0.135736 -1.261030 0.2254 

GOVHEALTH_F 0.792010 1.180128 0.671122 0.2021 

GOVHEALTH(-1) 0.251355 0.075462 3.330871 0.0042 

CO2_F -0.600378 0.178628 -3.361054 0.0424 

CO2(-1) -0.012431 0.085355 -0.145639 0.8860 

H1 -0.341909 0.096339 -3.549004 0.0406 

H2 0.051949 0.038603 1.345726 0.1972 

H3 0.018334 0.025483 0.719466 0.4822 

H4 0.039007 0.006866 5.680771 0.0122 

H5 -0.036128 0.049310 -0.732673 0.4744 
     
     R-squared 0.999448     Mean dependent var 0.049865 

Adjusted R-squared 0.998999     S.D. dependent var 0.977109 

S.E. of regression 0.030914     Akaike info criterion -3.810470 

Sum squared resid 0.015291     Schwarz criterion -3.156578 

Log likelihood 71.15705     Hannan-Quinn criter. -3.601284 

F-statistic 2227.316     Durbin-Watson stat 2.165564 

Prob(F-statistic) 0.000000    
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Table G6. Life Expectancy (LE) with Statistically Significant Coefficients 

 
Dependent Variable: LE   

Method: Least Squares   

Sample (adjusted): 1980 2010   

Included observations: 31 after adjustments  

Convergence achieved after 29 iterations  

HAC standard errors & covariance (Bartlett kernel, Newey-West fixed 

        bandwidth = 4.0000)   

MA Backcast: 1979   
     
     Variable Coefficient Std. Error t-Statistic Prob.   
     
     C -2364.968 324.5799 -7.286241 0.0014 

GDPPC_F 84.54101 33.57892 2.517681 0.0196 

GDPPC(-1) 64.24753 19.12120 3.360015 0.0223 

GOVHEALTH(-1) 0.219241 0.082441 2.659378 0.0486 

CO2_F -0.570629 0.134281 -4.249503 0.0003 

H1 -0.235580 0.035885 -6.564922 0.0000 

H4 0.074106 0.021721 3.411695 0.0025 

MA(1) 0.631496 0.119771 5.272541 0.0000 
     
     R-squared 0.993501     Mean dependent var 0.049865 

Adjusted R-squared 0.991433     S.D. dependent var 0.977109 

S.E. of regression 0.090438     Akaike info criterion -1.745131 

Sum squared resid 0.179938     Schwarz criterion -1.371478 

Log likelihood 34.17696     Hannan-Quinn criter. -1.625596 

F-statistic 480.4573     Durbin-Watson stat 1.972132 

Prob(F-statistic) 0.000000    
     
     Inverted MA Roots      -.63   
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Table G7. Per-Capita Government Spending on Healthcare (GOVHEALTH) with 

All Coefficients 

 

Dependent Variable: GOVHEALTH   

Method: Least Squares   

Sample (adjusted): 1980 2010   

Included observations: 31 after adjustments  

HAC standard errors & covariance (Bartlett kernel, Newey-West fixed 

        bandwidth = 4.0000)   
     
     Variable Coefficient Std. Error t-Statistic Prob.   
     
     C -4622.292 3260.880 -1.417498 0.4887 

GDPPC_F 31.22164 0.473947 2.577586 0.0342 

GDPPC(-1) 25.28535 0.528980 6.210714 0.0000 

POVERTY_F 0.486315 0.382325 1.271994 0.2216 

POVERTY(-1) 0.649803 0.408341 1.591325 0.1311 

LE_F 2.436548 2.171882 1.121860 0.2785 

LE(-1) -2.342761 2.578955 -0.908415 0.3771 

CO2_F 0.604540 0.277732 2.176701 0.0448 

CO2(-1) 0.512339 0.163733 3.129111 0.0255 

H1 -0.173148 0.026867 -2.722629 0.0303 

H2 0.025374 0.057812 0.438906 0.6666 

H3 0.025334 0.007006 3.616059 0.0265 

H4 0.012931 0.030975 0.417471 0.6819 

H5 0.035626 0.058479 0.609207 0.5509 
     
     R-squared 0.996256     Mean dependent var 0.019969 

Adjusted R-squared 0.993213     S.D. dependent var 1.010789 

S.E. of regression 0.083270     Akaike info criterion -1.828736 

Sum squared resid 0.110942     Schwarz criterion -1.174844 

Log likelihood 41.43104     Hannan-Quinn criter. -1.619551 

F-statistic 327.4697     Durbin-Watson stat 1.960952 

Prob(F-statistic) 0.000000    
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Table G8. Per-Capita Government Spending on Healthcare (GOVHEALTH) with 

Statistically Significant Coefficients 

 
Dependent Variable: GOVHEALTH   

Method: Least Squares   

Sample (adjusted): 1981 2010   

Included observations: 30 after adjustments  

Convergence achieved after 500 iterations  

HAC standard errors & covariance (Bartlett kernel, Newey-West fixed 

        bandwidth = 4.0000)   

MA Backcast: 1980   
     
     Variable Coefficient Std. Error t-Statistic Prob.   
     
     C -650.1868 541.2193 -1.201343 0.4989 

GDPPC_F 30.67501 8.534312 3.594316 0.0490 

GDPPC(-1) 29.82586 11.48403 2.597159 0.0172 

CO2_F 0.606276 0.269869 2.246560 0.0270 

CO2(-1) 0.360240 0.141638 2.543388 0.0344 

H1 -0.144112 0.059663 -2.415420 0.0123 

H3 0.039491 0.016082 2.455669 0.0110 

AR(1) 0.699865 0.070666 9.903866 0.0000 

MA(1) 0.231283 0.278108 0.831630 0.4154 
     
     R-squared 0.988905     Mean dependent var 0.041232 

Adjusted R-squared 0.984467     S.D. dependent var 1.021830 

S.E. of regression 0.127353     Akaike info criterion -1.034575 

Sum squared resid 0.324378     Schwarz criterion -0.610242 

Log likelihood 24.00134     Hannan-Quinn criter. -0.901679 

F-statistic 222.8223     Durbin-Watson stat 1.825395 

Prob(F-statistic) 0.000000    
     
     Inverted AR Roots       .70   

Inverted MA Roots      -.23   
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Table G9. Carbon Dioxide Emission (CO2) with All Coefficients 

 

Dependent Variable: CO2   

Method: Least Squares   

Sample (adjusted): 1980 2010   

Included observations: 31after adjustments  

HAC standard errors & covariance (Bartlett kernel, Newey-West fixed 

        bandwidth = 4.0000)   
     
     Variable Coefficient Std. Error t-Statistic Prob.   
     
     C -1494.812 457.3199 -3.268636 0.1217 

GDPPC_F 0.080248 0.021448 3.741601 0.0191 

GDPPC(-1) -0.349623 0.329296 -1.061729 0.3041 

POVERTY_F -0.173922 0.244706 -0.710739 0.4875 

POVERTY(-1) -0.023152 0.138981 -0.166584 0.8698 

WASTE_F 95.08244 20.21364 4.703875 0.0316 

WASTE(-1) -0.075534 0.083325 -0.906496 0.3781 

FERTILIZER_F 0.072573 0.073035 0.993673 0.3352 

FERTILIZER(-1) -0.002605 0.061555 -0.042320 0.9668 

E1 0.723104 0.066289 10.90834 0.0000 

E2 0.215089 0.049262 4.366243 0.0005 

E3 0.355214 0.063993 5.550844 0.0000 

E4 -0.281968 0.053584 -5.262147 0.0001 

E5 -0.049901 0.164156 -0.303985 0.7651 
     
     R-squared 0.998782     Mean dependent var 0.034758 

Adjusted R-squared 0.997792     S.D. dependent var 0.997868 

S.E. of regression 0.046886     Akaike info criterion -2.977458 

Sum squared resid 0.035173     Schwarz criterion -2.323565 

Log likelihood 58.66186     Hannan-Quinn criter. -2.768272 

F-statistic 1009.205     Durbin-Watson stat 1.993473 

Prob(F-statistic) 0.000000    
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Table G10. Carbon Dioxide Emission (CO2) with Statistically Significant 

Coefficients 

 

Dependent Variable: CO2   

Method: Least Squares   

Sample (adjusted): 1980 2010   

Included observations: 31 after adjustments  

Convergence achieved after 20 iterations  

HAC standard errors & covariance (Bartlett kernel, Newey-West fixed 

        bandwidth = 4.0000)   

MA Backcast: 1979   
     
     Variable Coefficient Std. Error t-Statistic Prob.   
     
     C -684.6123 213.7499 -3.202866 0.1229 

GDPPC_F 0.031475 0.012558 2.506355 0.0356 

WASTE_F 91.18717 32.21894 2.830235 0.0095 

E1 0.630546 0.067387 9.357039 0.0000 

E2 0.153139 0.017728 8.638397 0.0000 

E3 0.279790 0.041609 6.724302 0.0000 

E4 -0.228879 0.034565 -6.621604 0.0000 

MA(1) 0.399780 0.133737 2.989309 0.0066 
     
     R-squared 0.998409     Mean dependent var 6.59E-16 

Adjusted R-squared 0.997924     S.D. dependent var 1.000000 

S.E. of regression 0.045561     Akaike info criterion -3.121886 

Sum squared resid 0.047744     Schwarz criterion -2.751825 

Log likelihood 56.38924     Hannan-Quinn criter. -3.001256 

F-statistic 2061.304     Durbin-Watson stat 1.868264 

Prob(F-statistic) 0.000000    
     
     Inverted MA Roots      -.40   
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Table G11. Fertilizer Consumption (FERTILIZER) with All Coefficients 

 

 

Dependent Variable: FERTILIZER  

Method: Least Squares   

Sample (adjusted): 1980 2010   

Included observations: 31 after adjustments  

HAC standard errors & covariance (Bartlett kernel, Newey-West fixed 

        bandwidth = 4.0000)   
     
     Variable Coefficient Std. Error t-Statistic Prob.   
     
     C -68.31527 13.97697 -4.887700 0.0239 

GDPPC_F 13.05993 1.347380 9.692843 0.0060 

GDPPC(-1) -0.600312 1.596825 -0.375941 0.7109 

POVERTY_F 1.028566 0.654136 1.572403 0.2420 

POVERTY(-1) -0.506347 0.433854 -1.167090 0.2569 

E1 -0.439249 0.393625 -1.115906 0.2777 

E2 -0.123002 0.040479 -3.038643 0.0249 

E3 -0.188040 0.032087 -5.860327 0.0176 

E4 0.307819 0.233818 1.316491 0.2029 

E5 1.537774 0.612037 2.512552 0.0207 
     
     R-squared 0.963256     Mean dependent var 0.037052 

Adjusted R-squared 0.946721     S.D. dependent var 0.995217 

S.E. of regression 0.229718     Akaike info criterion 0.157276 

Sum squared resid 1.055410     Schwarz criterion 0.624341 

Log likelihood 7.640867     Hannan-Quinn criter. 0.306694 

F-statistic 58.25614     Durbin-Watson stat 1.868982 

Prob(F-statistic) 0.000000    
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Table G12. Fertilizer Consumption (FERTILIZER) with Statistically Significant 

Coefficients 

 

 

Dependent Variable: FERTILIZER  

Method: Least Squares   

Sample (adjusted): 1980 2010   

Included observations: 31 after adjustments  

HAC standard errors & covariance (Bartlett kernel, Newey-West fixed 

        bandwidth = 4.0000)   
     
     Variable Coefficient Std. Error t-Statistic Prob.   
     
     C -25.72087 2.569177 -10.01132 0.0000 

GDPPC_F 15.07732 1.714974 8.791572 0.0000 

E2 -0.122608 0.018176 -6.745465 0.0000 

E3 -0.206768 0.041125 -5.027854 0.0000 

E5 1.637785 0.371465 4.408994 0.0002 
     
     R-squared 0.960112     Mean dependent var 4.44E-16 

Adjusted R-squared 0.953975     S.D. dependent var 1.000000 

S.E. of regression 0.214534     Akaike info criterion -0.094011 

Sum squared resid 1.196641     Schwarz criterion 0.137277 

Log likelihood 6.457175     Hannan-Quinn criter. -0.018617 

F-statistic 156.4562     Durbin-Watson stat 1.847393 

Prob(F-statistic) 0.000000    
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Table G13. Solid Waste Disposal (WASTE) with All Coefficients 

 

Dependent Variable: WASTE   

Method: Least Squares   

Sample (adjusted): 1981 2010   

Included observations: 30 after adjustments  

Convergence achieved after 11 iterations  

HAC standard errors & covariance (Bartlett kernel, Newey-West fixed 

        bandwidth = 4.0000)   
     
     Variable Coefficient Std. Error t-Statistic Prob.   
     
     C 0.028390 0.110263 0.257476 0.7997 

GDPPC_F 23651.92 7745.531 3.053622 0.0060 

GDPPC(-1) -2613.214 529.9536 -4.931025 0.0142 

POVERTY_F 1.732143 1.310462 1.321781 0.4488 

POVERTY(-1) -0.002060 0.452747 -0.004550 0.9964 

E1 0.086058 0.109619 0.785067 0.4426 

E2 0.279257 0.141264 1.976846 0.0425 

E3 0.086530 0.065790 1.315245 0.2049 

E4 -0.311141 0.069129 -4.500907 0.0107 

E5 0.409233 0.375468 1.089927 0.2901 

AR(1) 0.438372 0.268238 1.634263 0.1196 
     
     R-squared 0.990251     Mean dependent var -0.092142 

Adjusted R-squared 0.984835     S.D. dependent var 0.967016 

S.E. of regression 0.119083     Akaike info criterion -1.136296 

Sum squared resid 0.255254     Schwarz criterion -0.617667 

Log likelihood 27.47629     Hannan-Quinn criter. -0.973868 

F-statistic 182.8402     Durbin-Watson stat 2.122677 

Prob(F-statistic) 0.000000    
     
     Inverted AR Roots       .44   
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Table G14. Solid Waste Disposal (WASTE) with Statistically Significant 

Coefficients 

 

Dependent Variable: WASTE   

Method: Least Squares   

Sample (adjusted): 1981 2010   

Included observations: 30 after adjustments  

Convergence achieved after 209 iterations  

HAC standard errors & covariance (Bartlett kernel, Newey-West fixed 

        bandwidth = 4.0000)   
     
     Variable Coefficient Std. Error t-Statistic Prob.   
     
     C -570.9329 467.0642 -1.222391 0.4812 

GDPPC_F 22396.59 8650.160 2.589153 0.0157 

GDPPC(-1) -2743.310 1183.846 -2.317286 0.0339 

E2 0.435719 0.176351 2.470746 0.0149 

E4 -0.393203 0.161151 -2.439965 0.0234 

AR(1) 0.499457 0.011547 43.25514 0.0000 
     
     R-squared 0.984997     Mean dependent var -0.092142 

Adjusted R-squared 0.981736     S.D. dependent var 0.967016 

S.E. of regression 0.130687     Akaike info criterion -1.050027 

Sum squared resid 0.392821     Schwarz criterion -0.767138 

Log likelihood 21.22539     Hannan-Quinn criter. -0.961430 

F-statistic 302.0118     Durbin-Watson stat 1.994055 

Prob(F-statistic) 0.000000    
     
     Inverted AR Roots       .50   
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APPENDIX H 

Eviews Output for Model Robustness Test, 1980 - 2007 

Table H1. Real GDP Per Capita (GDPPC) with Two-Stage Least Squares 

 

Dependent Variable: GDPPC   

Method: Least Squares   

Sample (adjusted): 1980 2007   

Included observations: 28 after adjustments  

Failure to improve SSR after 12 iterations  

HAC standard errors & covariance (Bartlett kernel, Newey-West fixed 

        bandwidth = 3.0000)   

MA Backcast: 1979   
     
     Variable Coefficient Std. Error t-Statistic Prob.   
     
     C 0.228414 0.112348 2.033088 0.0571 

LE* 0.188805 0.082449 2.289965 0.0452 

LE(-1) 0.120363 0.040928 2.940867 0.0392 

GOVHEALTH* 0.561830 0.045458 12.35921 0.0298 

GOVHEALTH(-1) 0.292330 0.112231 2.604717 0.0260 

M1 0.320232 0.106638 3.002968 0.0292 

M2 0.906825 0.310116 2.924150 0.0376 

M4 0.012945 0.005162 2.507734 0.0490 

MA(1) 0.499850 0.100341 4.981497 0.0000 
     
     R-squared 0.999412     Mean dependent var -0.199934 

Adjusted R-squared 0.999150     S.D. dependent var 0.730482 

S.E. of regression 0.021296     Akaike info criterion -4.599412 

Sum squared resid 0.008163     Schwarz criterion -4.167466 

Log likelihood 71.09206     Hannan-Quinn criter. -4.470972 

F-statistic 3821.720     Durbin-Watson stat 2.057180 

Prob(F-statistic) 0.000000    
     
     Inverted MA Roots      -1.00   
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Table H2. Real GDP Per Capita (GDPPC) with Ordinary Least Squares of 

Principal Components 

 

Dependent Variable: GDPPC   

Method: Least Squares   

Sample (adjusted): 1980 2007   

Included observations: 28 after adjustments  

Convergence achieved after 17 iterations  

HAC standard errors & covariance (Bartlett kernel, Newey-West fixed 

        bandwidth = 3.0000)   

MA Backcast: 1979    
     
     Variable Coefficient Std. Error t-Statistic Prob.   
     
     C -0.000176 0.029818 -0.005897 0.9954 

M1 0.363144 0.014852 24.45006 0.0000 

M2 0.124481 0.012214 10.19187 0.0000 

M3 -0.190285 0.027564 -6.903458 0.0000 

M2(-1) 0.049023 0.017963 2.729117 0.0133 

M4(-1) 0.054595 0.028914 1.888156 0.0744 

MA(1) 0.198270 0.019689 10.07005 0.0000 
     
     R-squared 0.996484     Mean dependent var -0.199934 

Adjusted R-squared 0.995189     S.D. dependent var 0.730482 

S.E. of regression 0.050669     Akaike info criterion -2.885830 

Sum squared resid 0.048779     Schwarz criterion -2.501878 

Log likelihood 46.95870     Hannan-Quinn criter. -2.771661 

F-statistic 769.2877     Durbin-Watson stat 1.922808 

Prob(F-statistic) 0.000000    
     
     Inverted MA Roots -.19   
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Table H3. Poverty Ratio (POVERTY) with Two-Stage Least Squares 

 

Dependent Variable: POVERTY   

Method: Least Squares   

Sample (adjusted): 1980 2007   

Included observations: 28 after adjustments  

Convergence achieved after 38 iterations  

HAC standard errors & covariance (Bartlett kernel, Newey-West fixed 

        bandwidth = 3.0000)   

MA Backcast: 1978 1979   
     
     Variable Coefficient Std. Error t-Statistic Prob.   
     
     C 0.050196 0.046358 1.082805 0.2940 

GDPPC* -0.708590 0.206901 -3.424775 0.0163 

GDPPC(-1) -0.655250 0.225886 -2.900800 0.0344 

GOVHEALTH* -0.001013 0.000292 -3.469350 0.0600 

GOVHEALTH(-1) -0.117523 0.040961 -2.869130 0.0012 

M1 -0.066381 0.022412 -2.961836 0.0664 

M2 -0.026987 0.005430 -4.969654 0.0254 

M4 -0.051226 0.018673 -2.743343 0.0393 

MA(1) 0.383621 0.152306 9.084477 0.0000 

MA(2) 0.999684 0.048394 20.65738 0.0000 
     
     R-squared 0.998193     Mean dependent var 0.109456 

Adjusted R-squared 0.997237     S.D. dependent var 0.909030 

S.E. of regression 0.047786     Akaike info criterion -2.966034 

Sum squared resid 0.038820     Schwarz criterion -2.486095 

Log likelihood 50.04146     Hannan-Quinn criter. -2.823323 

F-statistic 1043.503     Durbin-Watson stat 1.812263 

Prob(F-statistic) 0.000000    
     
     Inverted MA Roots -..38   
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Table H4. Poverty Ratio (POVERTY) with Ordinary Least Squares of Principal 

Components 

 

Dependent Variable: POVERTY   

Method: Least Squares   

Sample (adjusted): 1981 2007   

Included observations: 27 after adjustments  

Convergence achieved after 7 iterations  

HAC standard errors & covariance (Bartlett kernel, Newey-West fixed 

        bandwidth = 3.0000)   
     
     Variable Coefficient Std. Error t-Statistic Prob.   
     
     C -0.193309 0.012146 -15.91542 0.0000 

M2 -0.085807 0.012704 -6.754500 0.0000 

M3 0.086259 0.032508 2.653440 0.0162 

M4 0.057752 0.014090 4.098897 0.0007 

M1(-1) -0.423964 0.007066 -60.00479 0.0000 

M3(-1) 0.124165 0.028816 4.308922 0.0004 

M5(-1) 0.150347 0.025075 5.995797 0.0000 

AR(1) 0.117999 0.134887 0.874800 0.3932 
     
     R-squared 0.995645     Mean dependent var 0.060436 

Adjusted R-squared 0.993951     S.D. dependent var 0.889896 

S.E. of regression 0.069213     Akaike info criterion -2.255599 

Sum squared resid 0.086228     Schwarz criterion -1.868493 

Log likelihood 37.32279     Hannan-Quinn criter. -2.144127 

F-statistic 587.8291     Durbin-Watson stat 1.825617 

Prob(F-statistic) 0.000000    
     
     Inverted AR Roots       .12   
     
     

 

 

  



234 

Table H5. Life Expectancy (LE) with Two-Stage Least Squares 

 

Dependent Variable: LE   

Method: Least Squares   

Sample (adjusted): 1980 2007   

Included observations: 27 after adjustments  

Convergence achieved after 12 iterations  

HAC standard errors & covariance (Bartlett kernel, Newey-West fixed 

        bandwidth = 3.0000)   

MA Backcast: 1979   
     
     Variable Coefficient Std. Error t-Statistic Prob.   
     
     C -2769.282 551.4809 -5.021537 0.0001 

GDPPC* 68.55728 18.50444 3.704909 0.0045 

GDPPC(-1) 66.10021 21.79341 3.033036 0.0068 

GOVHEALTH(-1) 0.246718 0.087325 2.825282 0.0000 

CO2* -0.609892 0.150924 -4.041047 0.0454 

H1 -0.210536 0.034810 -6.048204 0.0066 

H4 0.040275 0.014545 2.768964 0.0130 

MA(1) 0.532260 0.162960 3.266204 0.0041 
     
     R-squared 0.997542     Mean dependent var -0.105506 

Adjusted R-squared 0.996637     S.D. dependent var 0.902114 

S.E. of regression 0.052317     Akaike info criterion -2.821801 

Sum squared resid 0.052004     Schwarz criterion -2.437850 

Log likelihood 46.09432     Hannan-Quinn criter. -2.707632 

F-statistic 1101.657     Durbin-Watson stat 2.037352 

Prob(F-statistic) 0.000000    
     
     Inverted MA Roots      -.53   
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Table H6. Life Expectancy (LE) with Ordinary Least Squares of Principal 

Components 

 

Dependent Variable: LE   

Method: Least Squares   

Sample (adjusted): 1981 2007   

Included observations: 26 after adjustments  

Convergence achieved after 13 iterations  

HAC standard errors & covariance (Bartlett kernel, Newey-West fixed 

        bandwidth = 3.0000)   

MA Backcast: 1980   
     
     Variable Coefficient Std. Error t-Statistic Prob.   
     
     C 0.039206 0.037811 1.036885 0.3128 

H1 0.195637 0.012143 16.11122 0.0000 

H3 -0.064653 0.009737 -6.640057 0.0000 

H1(-1) 0.205175 0.006453 31.79640 0.0000 

H3(-1) -0.067023 0.012332 -5.435031 0.0000 

AR(1) 0.531838 0.109082 4.875562 0.0001 

MA(1) 0.399615 0.037046 10.78697 0.0000 
     
     R-squared 0.998282     Mean dependent var -0.055088 

Adjusted R-squared 0.997740     S.D. dependent var 0.880332 

S.E. of regression 0.041855     Akaike info criterion -3.284418 

Sum squared resid 0.033285     Schwarz criterion -2.945700 

Log likelihood 49.69744     Hannan-Quinn criter. -3.186880 

F-statistic 1840.115     Durbin-Watson stat 1.887968 

Prob(F-statistic) 0.000000    
     
     Inverted AR Roots       .53   

Inverted MA Roots      -1.00   
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Table H7. Government Spending on Healthcare Per Capita (GOVHEALTH) with 

Two-Stage Least Squares 

 

Dependent Variable: GOVHEALTH   

Method: Least Squares   

Sample (adjusted): 1981 2007   

Included observations: 27 after adjustments  

Convergence achieved after 30 iterations  

HAC standard errors & covariance (Bartlett kernel, Newey-West fixed 

        bandwidth = 3.0000)   

MA Backcast: 1980   
     
     Variable Coefficient Std. Error t-Statistic Prob.   
     
     C -750.0946 519.1041 -1.444979 0.6619 

GDPPC* 30.10454 7.136383 4.218459 0.0297 

GDPPC(-1) 31.18393 9.663628 3.226938 0.0366 

CO2* 0.649343 0.280426 2.315556 0.0462 

CO2(-1) 0.412491 0.151272 2.726818 0.0172 

H1 -0.175063 0.066963 -2.614330 0.0181 

H3 0.059027 0.019710 2.994843 0.0423 

AR(1) 0.743025 0.072386 10.26480 0.7943 

MA(1) 0.271081 0.159957 1.694713 0.1084 
     
     R-squared 0.980106     Mean dependent var -0.264826 

Adjusted R-squared 0.970744     S.D. dependent var 0.411396 

S.E. of regression 0.070367     Akaike info criterion -2.202755 

Sum squared resid 0.084176     Schwarz criterion -1.767260 

Log likelihood 37.63581     Hannan-Quinn criter. -2.077348 

F-statistic 104.6892     Durbin-Watson stat 1.899193 

Prob(F-statistic) 0.000000    
     
     Inverted AR Roots       .74   

Inverted MA Roots      -.27   
     
     

 

 

  



237 

Table H8. Government Spending on Healthcare Per Capita (GOVHEALTH) with 

Ordinary Least Squares of Principal Components 

 
Dependent Variable: GOVHEALTH   

Method: Least Squares   

Sample (adjusted): 1980 2007   

Included observations: 27 after adjustments  

Convergence achieved after 20 iterations  

HAC standard errors & covariance (Bartlett kernel, Newey-West fixed 

        bandwidth = 3.0000)   

MA Backcast: 1979   
     
     Variable Coefficient Std. Error t-Statistic Prob.   
     
     C -0.130375 0.052576 -2.479765 0.0222 

H1 0.224198 0.029643 7.563159 0.0000 

H2 -0.212632 0.053780 -3.953696 0.0008 

H4 0.111322 0.024191 4.601846 0.0002 

H5 0.076698 0.038334 2.000771 0.0592 

AR(1) 0.546204 0.199678 2.735424 0.0127 

MA(1) 0.330107 0.273737 1.205928 0.2419 
     
     R-squared 0.967474     Mean dependent var -0.277115 

Adjusted R-squared 0.957716     S.D. dependent var 0.408429 

S.E. of regression 0.083986     Akaike info criterion -1.897924 

Sum squared resid 0.141072     Schwarz criterion -1.561966 

Log likelihood 32.62197     Hannan-Quinn criter. -1.798026 

F-statistic 99.14792     Durbin-Watson stat 1.939478 

Prob(F-statistic) 0.000000    
     
     Inverted AR Roots       .55   

Inverted MA Roots      -.33   
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Table H9. Carbon Dioxide Emission Per Capita (CO2) with Two-Stage Least 

Squares 

 
Dependent Variable: CO2   

Method: Least Squares   

Sample: 1980 2007   

Included observations: 28   

Convergence achieved after 12 iterations  

HAC standard errors & covariance (Bartlett kernel, Newey-West fixed 

        bandwidth = 4.0000)   

MA Backcast: 1979   
     
     Variable Coefficient Std. Error t-Statistic Prob.   
     
     C -710.3633 327.5598 -2.168652 0.8678 

GDPPC* 0.104007 0.021041 4.943098 0.0269 

WASTE* 85.12039 17.90703 4.753460 0.0048 

E1 0.618837 0.064511 9.592801 0.0000 

E2 0.154555 0.021150 7.307638 0.0000 

E3 0.272026 0.044154 6.160915 0.0000 

E4 -0.212912 0.025663 -8.296312 0.0000 

MA(1) 0.453959 0.169044 2.685450 0.0142 
     
     R-squared 0.997357     Mean dependent var -0.238758 

Adjusted R-squared 0.996432     S.D. dependent var 0.692473 

S.E. of regression 0.041365     Akaike info criterion -3.297826 

Sum squared resid 0.034221     Schwarz criterion -2.917196 

Log likelihood 54.16956     Hannan-Quinn criter. -3.181463 

F-statistic 1078.111     Durbin-Watson stat 1.923856 

Prob(F-statistic) 0.000000    
     
     Inverted MA Roots      -.45   
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Table H10. Carbon Dioxide Emission Per Capita (CO2) with Ordinary Least 

Squares of Principal Components 

 
Dependent Variable: CO2   

Method: Least Squares   

Sample (adjusted): 1980 2007   

Included observations: 28 after adjustments  

HAC standard errors & covariance (Bartlett kernel, Newey-West fixed 

        bandwidth = 3.0000)   
     
     Variable Coefficient Std. Error t-Statistic Prob.   
     
     C 0.010312 0.009724 1.060417 0.3016 

E1 0.699501 0.019754 35.41054 0.0000 

E2 0.151762 0.012391 12.24793 0.0000 

E3 0.283564 0.007221 39.26908 0.0000 

E4 -0.220987 0.019065 -11.59134 0.0000 

E1(-1) -0.098280 0.025677 -3.827497 0.0011 

E4(-1) 0.037956 0.017607 2.155679 0.0435 
     
     R-squared 0.997671     Mean dependent var -0.208982 

Adjusted R-squared 0.996972     S.D. dependent var 0.687154 

S.E. of regression 0.037812     Akaike info criterion -3.493957 

Sum squared resid 0.028595     Schwarz criterion -3.158000 

Log likelihood 54.16843     Hannan-Quinn criter. -3.394060 

F-statistic 1427.755     Durbin-Watson stat 1.950142 

Prob(F-statistic) 0.000000    
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Table H11. Fertilizer Consumption Per Hectare of Arable Land (FERTILIZER) 

with Two-Stage Least Squares 

 

Dependent Variable: FERTILIZER  

Method: Least Squares   

Sample: 1980 2007   

Included observations: 28   

HAC standard errors & covariance (Bartlett kernel, Newey-West fixed 

        bandwidth = 4.0000)   
     
     Variable Coefficient Std. Error t-Statistic Prob.   
     
     C -13.41756 1.556658 -8.619465 0.0014 

GDPPC* 10.82461 1.419488 7.625713 0.0000 

E2 -0.125518 0.038368 -3.271440 0.0034 

E3 -0.216727 0.045681 -4.744391 0.0001 

E5 1.779514 0.574367 3.098217 0.0051 
     
     R-squared 0.942312     Mean dependent var -0.182123 

Adjusted R-squared 0.932279     S.D. dependent var 0.868385 

S.E. of regression 0.225981     Akaike info criterion 0.023705 

Sum squared resid 1.174555     Schwarz criterion 0.261598 

Log likelihood 4.668136     Hannan-Quinn criter. 0.096431 

F-statistic 93.92428     Durbin-Watson stat 1.946852 

Prob(F-statistic) 0.000000    
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Table H12. Fertilizer Consumption Per Hectare of Arable Land (FERTILIZER) 

with Ordinary Least Squares of Principal Components 

 
Dependent Variable: FERTILIZER  

Method: Least Squares   

Sample (adjusted): 1980 2007   

Included observations: 28 after adjustments  

HAC standard errors & covariance (Bartlett kernel, Newey-West fixed 

        bandwidth = 3.0000)   
     
     Variable Coefficient Std. Error t-Statistic Prob.   
     
     C 0.263139 0.072456 3.631693 0.0018 

E1 -0.622958 0.275485 -2.261308 0.0357 

E3 -0.666534 0.199884 -3.334600 0.0035 

E4 -0.377426 0.048272 -7.818752 0.0000 

E5 4.514338 1.046276 4.314673 0.0004 

E1(-1) 1.241938 0.283336 4.383272 0.0003 

E3(-1) 0.907012 0.240578 3.770129 0.0013 

E5(-1) -1.827732 0.679672 -2.689139 0.0075 
     
     R-squared 0.952693     Mean dependent var -0.147700 

Adjusted R-squared 0.935264     S.D. dependent var 0.865240 

S.E. of regression 0.220146     Akaike info criterion 0.052141 

Sum squared resid 0.920819     Schwarz criterion 0.436092 

Log likelihood 7.296101     Hannan-Quinn criter. 0.166310 

F-statistic 54.66147     Durbin-Watson stat 1.948311 

Prob(F-statistic) 0.000000    
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Table H13. Solid Waste Disposal Per Capita (WASTE) with Two-Stage Least 

Squares 

 

Dependent Variable: WASTE   

Method: Least Squares   

Sample (adjusted): 1981 2007   

Included observations: 27 after adjustments  

Convergence achieved after 62 iterations  

HAC standard errors & covariance (Bartlett kernel, Newey-West fixed 

        bandwidth = 3.0000)   
     
     Variable Coefficient Std. Error t-Statistic Prob.   
     
     C -521.6419 55.12316 -1.532688 0.6987 

GDPPC* 24793.48 7479.784 3.314732 0.0035 

GDPPC(-1) -1083.919 290.6781 -3.728932 0.0445 

E2 0.467340 0.102548 4.557266 0.0151 

E4 -0.507100 0.209502 -2.420502 0.0170 

AR(1) 0.487824 0.014466 33.72314 0.0000 
     
     R-squared 0.982814     Mean dependent var 0.053281 

Adjusted R-squared 0.978517     S.D. dependent var 0.913490 

S.E. of regression 0.133891     Akaike info criterion -0.984403 

Sum squared resid 0.358537     Schwarz criterion -0.694073 

Log likelihood 18.79724     Hannan-Quinn criter. -0.900799 

F-statistic 228.7412     Durbin-Watson stat 2.133616 

Prob(F-statistic) 0.000000    
     
     Inverted AR Roots       .49   
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Table H14. Solid Waste Disposal Per Capita (WASTE) with Ordinary Least 

Squares of Principal Components 
 

Dependent Variable: WASTE   

Method: Least Squares   

Sample (adjusted): 1980 2007   

Included observations: 28 after adjustments  

Convergence achieved after 17 iterations  

HAC standard errors & covariance (Bartlett kernel, Newey-West fixed 

        bandwidth = 3.0000)   

MA Backcast: 1979   
     
     Variable Coefficient Std. Error t-Statistic Prob.   
     
     C -0.249730 0.081914 -3.048694 0.0063 

E5 -1.878793 0.552280 -3.401882 0.0028 

E1(-1) -0.722189 0.045722 -15.79516 0.0000 

E3(-1) -0.599289 0.098715 -6.070929 0.0000 

E4(-1) 0.231163 0.066981 3.451152 0.0025 

E5(-1) 1.810750 0.682943 2.651391 0.0153 

MA(1) 0.629907 0.069724 9.034292 0.0000 
     
     R-squared 0.968750     Mean dependent var 0.100345 

Adjusted R-squared 0.959375     S.D. dependent var 0.928533 

S.E. of regression 0.187151     Akaike info criterion -0.295386 

Sum squared resid 0.700511     Schwarz criterion 0.040572 

Log likelihood 10.98771     Hannan-Quinn criter. -0.195488 

F-statistic 103.3341     Durbin-Watson stat 2.041444 

Prob(F-statistic) 0.000000    
     
     Inverted MA Roots      -.63   
     
     

 

 

  



244 

APPENDIX I 

Forecast Results for Model Robustness Test, 2008 - 2010 

(this page intentionally left blank) 
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Figure I1. Comparison of Forecast Results for Real GDP Per Capita 
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Figure I2. Forecast Results of Real GDP Per Capita with Two-Stage Least Squares 
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Figure I3. Forecast Results of Real GDP Per Capita with OLS of Principal 

Components 
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Figure I4. Comparison of Forecast Results for Poverty Ratio 
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Figure I5. Forecast Results of Poverty Ratio with Two-Stage Least Squares 
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Figure I6. Forecast Results of Poverty Ratio with OLS of Principal Components 
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Figure I7. Comparison of Forecast Results for Life Expectancy 
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Figure I8. Forecast Results of Life Expectancy with Two-Stage Least Squares 
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Figure I9. Forecast Results of Life Expectancy with OLS of Principal Components 
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Figure I10. Comparison of Forecast Results for Government Spending on 

Healthcare Per Capita 
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Figure I11. Forecast Results of Government Spending on Healthcare Per Capita 

with Two-Stage Least Squares 
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Figure I12. Forecast Results of Government Spending on Healthcare Per Capita 

with OLS of Principal Components 
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Figure I13. Comparison of Forecast Results for Carbon Dioxide Emission Per 

Capita 
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Figure I14. Forecast Results of Carbon Dioxide Emission Per Capita with Two-

Stage Least Squares 
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Figure I15. Forecast Results of Carbon Dioxide Emission Per Capita with OLS of 

Principal Components 
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Figure I16. Comparison of Forecast Results for Fertilizer Consumption Per Hectare 

of Arable Land 
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Figure I17. Forecast Results of Fertilizer Consumption Per Hectare of Arable Land 

with Two-Stage Least Squares 
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Figure I18. Forecast Results of Fertilizer Consumption Per Hectare of Arable Land 

with OLS of Principal Components 
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Figure I19. Comparison of Forecast Results for Solid Waste Disposal Per 10,000 

Population 
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Figure I20. Forecast Results of Solid Waste Disposal Per 10,000 Population with 

Two-Stage Least Squares 
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Figure I21. Forecast Results of Solid Waste Disposal Per 10,000 Population with 

OLS of Principal Components 
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