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Abstract
On the basic of the Becker’s two term OLG model, this paper developed a theoretical model, mainly studies the income inequality influence on the entirely social and representative individual’s human capital accumulation under two kinds of situations: the capital market is perfect or not perfect. Under the perfect market condition, the initial income inequality has no influence not only on individual human capital level, but also on the entire society's human capital level; but under the condition that the market is not perfect, the initial income inequality has the very tremendous influence on both the entirely social and individual human capital investment. Variables, including social resources St, tax rate
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1. Introduction
According to the theoretical hypotheses that income inequality influences economic growth: income inequality influences economic growth through the policy of distribution tax transfer (political economic model) to slow the positivity of investors, or decrease of opportunities of poor people to invest in high-return and high-growth programs (capital market imperfection model), or limit of consumption demand (consumption demand model) and deterioration of economic fluctuation. The common perspective of these theoretical hypotheses is that they emphasize on the importance of material capital for income inequality to influence economic growth, and indicate in a certain degree the social reality that material capital is the ‘engine’ of economic growth in the beginning of industrialization.
In recent years, along with the fast development and wide application of science and technology, especially the information technology, corporate organizational structure is being continuously innovated, and the amount of knowledge is being increase, the capability of human capital to interpret economic growth has been largely improved, even more capable than traditional factors like land, labor, and material capital. Therefore, if we ignore human capital but only stress material capital, even though the income equality of a country (or economy) is very serious, but on the surface, its influence to the economic growth is possibly small, even very tiny. So, it is impossible to identify completely the influences of income inequality to economic growth if we do not take human capital into consideration. In fact, even if there is a strong relationship of negative correlation between income inequality and accumulation of material capital, but because of: 1) the rule of decrease return of scale material capital investment; 2) weakening of capability of input of traditional key factors like land, labor, and capital to interpret economic growth, the effect of income inequality to influence economic growth through material capital is weakened a lot. We consider that, the reason that people do no widely pay attention to the issue that ‘income inequality influences economic growth’ is related to the factor that the issues mentioned above have blocked people’s eyes.
By adoption of human capital, we will get a different result. Because the large increase of capability of human capital to interpret economic growth, if income inequality significantly influences human capital, then income inequality significantly influences economic growth. In another word, income inequality influences the sustainable development of economy through production and accumulation of human capital. Consequently, it both largely heightens the degree of influence of income inequality to economic growth and indicates more impersonally the real situation of income inequality to influence economic growth.
Part 2 is the review of and brief comment for literatures, mainly those related to influences of income inequality to human capital accumulation. On that basis, we explain the contribution of this article. In Part 3, in mainly contains the developed human capital model and consequent conclusions, so as to better explain the reality in many developing countries including China. In Part 4, we discuss separately the influence of difference 
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, limit of supply and demand, and change of financial policy to individual and human capital of the whole society. Part 5 is mainly the explanation of data, methods of evaluation, and result. The last part is the final summarization.
2. Review of Literatures and Brief Comment

The existing theories related to effect of income inequality to human capital are the Intergenerational Mobility Model by Becker and others, the Community Difference Model by Benabou and others, and the Education Decision-making Theory by Perotti and others.
A. Intergenerational Mobility Model

In the theory of how income inequality influences human capital formation, the most influential and representative one is the Intergenerational Mobility Model (Becker & Tomes，1986；Galor & Zeira，1993；Galor & Tsiddon，1997). According to this model, the giving of parents’ resources (no matter human capital or material capital) obviously and positively influences the human capital formation of their children. It is more possible for the child who gains more inheritance to invest larger scale of human capital. The parents who hold more human capital will facilitate their children to invest more human capital through in-home education or increase of return rate of human capital investment.
Becker and Tomes (1979, 1986) are the first to investigate the influence of income inequality to economic growth through human capital. According to their research: 1) in perfect market, the parents of poor families also can raise fund for human capital investment satisfied by their children, so the human capital of a child is not influenced by the condition of assets of his/her parents
; 2) in imperfect market, the borrowing market develops behind and even does not exist, the parents have to raise fund for human capital investment of their children through selling their assets, lowering their own or their children’s consumption, or increase the amount of laboring of their children. The result is that, because of the limit of borrowing, the investment of poor parents to their children and their own consumption are both lowered, and naturally, the rich parents can afford more consumption and investment to their children.
Galor and Zeira (1993, 1997) adopted OLG Model to research the dynamic influences of income inequality to human capital formation under a small and open economy. In assumption that the individuals are the same in potential skills and favorites, the only difference is the amount of inheritance, and there is the entry barrier of human capital investment ‘h’, then any person, whose beginning wealth is less than ‘h’, must obtain borrowings from the imperfect financial market if he/she wants to become a skilled labor. Galor and Zeira have demonstrated that, the amount of inheritance determines completely the individual to invest human capital for school education or to be a unskilled worker, and also determines the amount of individual future consumption and inheritance-giving. Therefore, the initial income inequality determines the level of human capital investment, proportion of skilled and unskilled labors and level of total output. The conclusion is that it is effective to enlarge the proportion of people with moderate income and lower income inequality to increase the inventory of human capital in an economy and further facilitate the sustainable development of the economy.

B. Community difference and human capital accumulation

The human capital accumulation of an individual is not only influenced by family resource transfer, general condition of the country’s economy, and level of technology, but also related to the condition of the community where the family is in and relations with neighbors. According to the model by Benabou (1993, 1996) and Durlauf (1996), human capital formation is related to both educational funds and rising in different way, and ‘social capital’ in the community: a community is endogenous, in balanced condition, people with low income and those with high income will live in different communities; therefore, the children in the community where low income people live will be less educated, so that it will lower their future income. The ‘social capital’ here means the summation of both the positive effect of human capital accumulation, including influence of fellows, model of role, working connection, and behavior standard; and the negative effect, including high rate of unemployment, degree of dependence to social welfare, or neighbor criminals. If the positive effect is more than the negative, the ‘social capital’ is positively correlative to individual human capital accumulation; in reverse, if the positive is less than the negative, the ‘social capital’ is negatively correlative to individual human capital accumulation.
Obviously, compared with other researchers, Benabou and other experts have achieved a lot in their research while emphasizing on the influence of living environment (community) to human capital formation of next generation. Their research indicates that the individual human capital is influenced by both the resources of the family (including material and human resources) and the community where the family lives(social capital), also, the research explains more completely the significant influences of income inequality to individual human capital formation. In addition, we should remind that, the living environment influences a individual human capital formation, but compared with family condition and the level of the whole society’s development, the living environment is at the second.
C. Income inequality and education decision-making model

Giannini (2001) has stressed the importance of risk to decision making of parents to invest. As we know, in consideration of requirement of prevention motivation, the higher the uncertainty (
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) is, the lower the individual consumption (at the period) is, and the larger the human capital investment is. However, along with the increase of income, the effect of the uncertainty is about to disappear. The rich do not have to worry about the future of their children, so they will choose to consume more while not to invest more in human capital. Therefore, the uncertainty will push the poor to invest more in human capital but not consumption at that period. The conclusion of this research is different from those of other researches.

Birchenall (2001) researched the long-term mobility of education from a perspective of dynamic economics. He made such similar conclusion that: there is a relationship of positive correlation between the level of parents’ education and the human capital of their children (Table 1). In the period of technology advancement, the increase of demand for workers with high technology incurs more serious inequality, so the family condition becomes more important; after the demand for workers with high technology becomes stable, people become more mobile, and the inequality becomes small gradually. That is to say, inequality may attract more individuals well educated, so that the income distribution becomes worse, but at the same time, the number of people not educated is decreased through technology advancement, and it mitigates the level of inequality
. 
Table 1 
Intergenerational Education Mobility (1976)

	
	Level of education of next generation

	
	Primary 
	Moderate 
	High
	Total

	Level of education of parents


	Primary（0-5）

Moderate（6-11）

High（12+）
	0.69

0.33

0.080
	0.29

0.66

0.673
	0.02

0.063

0.247
	1.000

1.000

1.000


Source: Javier A. Birchenall（2001）. Income Distribution, Human Capital and Economic Growth in Colombia, Journal of Development Economics, Vol.66 pp. 271-287.
So we can find that, among the existing literatures related to research of income inequality and human capital accumulation, most of them are based on cross-period OLG Model to research dynamically from a micro level the influences of giving of parents’ resources (including income, human capital, and other family resources) to the human capital investment and income of their children. The general conclusion is that, in imperfect capital market, the more the given resources of parents (wealth or human capital) are, the more the human capital production of their children is, and the higher the income is, and vice versa. But according to some researchers (Becker and Tomes etc.), no matter how the initial resource distribution is, the poor and the rich will converge to moderate level, the common saying ‘rich for no more than three generations’. While according to some other researchers (Galor, Benabou, Chengze, Simon Fan etc.), the conclusion is that income inequality would incur the inequality to continue at all time through influence to human capital accumulation
, meaning the rich are always rich, and the poor are permanently poor. These researches have enriched the research of relationship between economic growth and income distribution, and are helpful to extend our knowledge about influences of income inequality to human capital and change the traditional thinking of the relationship between equality and efficiency fixed in people’s mind.

However, the researches above are from a micro perspective to analyze the influences of family resource giving or community to the human capital formation individual of representative individuals, but not involved in the influences of income inequality to human capital accumulation of the whole society, and never the influences of income inequality to economic growth through human capital of the whole society. The aim of this article is to attempt to answer the question how income inequality influences human capital formation and so further influences sustainable development of economy. Therefore, on the basis of review of the literatures above, we can determine there are three aspects of characters and contribution of the theoretical model to be designed: 1) we pay more attention to the influence of income inequality to the level of human capital of the whole society, but not only the influence to human capital formation of representative individuals; therefore, we try to extend the influence of income distribution to human capital of individual to the influence to human capital of the whole society; 2) on the basis to take different types of human capital (like education, training, health, and moving etc.) as with the same inbeing, we developed an extensive model of influence of income inequality to human capital of the whole society; 3) through research of human capital and whether income inequality is harmful or not harmful to economic growth, we make our own conclusion on the basis of theoretic analysis and practical demonstration.
3. Basic Model
A. Assumption

In a two-period OLG Model, we assume a representative individual lives for only two periods, each couple has one child, each person is as child when young, and as parent when aged. These assumptions mean that the scale of population is constant and simplified as unit 1. All the decisions are made by parents, and their after-tax income is distributed as own consumption, investment of human capital to child, and inheritance to child. There is one-to-one relationship between the investment of the parents and the human capital of the child, 1 unit of investment can ‘purchase’ 1 unit of human capital, and strictly 
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. The human capital is the same in inbeing, and the only difference of human capital between representative individuals is the difference of quantity.
There are two groups of families, Group A and Group B (for example, the rich and the poor, citizen and farmer etc.) , 
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. The net wealth of the property of the rich Group A minus parents’ consumption can both afford the investment of human capital of the child and leave the residual property as inheritance to the child; while after consumption, there is no residual property of the poor Group B, and the parents have to raise fund for child’s human capital investment in borrowing market, and consequently, they have no inheritance for their child.
E we use stands for all the giving except for material capital inherited by the representative individual related to Group Background (including level of human capital of the parents, recognition to education, motivation, favorites, and borrowing and so on), we call it ‘soft giving’ and assume E can be inherited between generations. Similar to Becker and Tomes (1986), E is expressed by Markov Formula:
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 stands for the ‘soft giving’ inherited by the representative individual ‘i’ from parents in period ‘t’. 
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 measures unsystematic or luck-related factors; 
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 is the coefficient (or coefficient vector) of the ‘soft giving’, if 
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, then it means the soft giving and wealth of families will finally converge to the average level: the child of the rich family will continue to be rich, but not as rich as the parents, the child of the poor family will continue to be poor, but not as poor as the parents. We should remind that, even though for the poor, 
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 is not 0, because no matter the representative individual ‘i’ is from the poor or rich family, he/she will inherit a certain amount of soft giving from the parents (or big family). 
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 can be deemed as the equal social giving gained by each member from the society; if 
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 keeps constant, and 
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<1, the final social average wealth is 
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 multiplied by social giving.
B. Individual behavior
On the basis of the assumptions above, the parents make decisions of whether to invest for human capital of their child and how much to invest
. Under the limit of income (or wealth) budget, the parents determine the amounts of their own consumption, investment for human capital of their child
, and inheritance, so as to maximize their own preference. The effect function of the parents is

Limit of budget is:           
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Where, 
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 is the total wealth of the parents at period ‘t’, 
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 is tax rate, 
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 is the inheritance of parents at period ‘t’, 
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 is parent’s own consumption, the marginal use of consumption 
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, the use of parents increases along with the increase of their own consumption; 
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 is the human capital formed at next period after parents’ investment, according to the assumption of parents altruism, also 
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, the use of parents increases along with the increase of level of human capital of the child. We assume the human capital production function of the child is:
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Where, 
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is the investment of parents to child, the larger the scale of investment is, the more the human capital of the child is, namely 
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 is the marginal return rate ‘
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’ of parents’ investment to human capital of the child.

Assumption 1: if other conditions are constant, the marginal return rate ‘
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’ of parents’ investment to human capital of the child is over 0, namely:
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Demonstration: according to the assumption, there is one-to-one relationship between income and scale of investment, namely 1 unit of income can purchase 1 unit of human capital, therefore, human capital is positively correlative to scale of investment.
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 is the soft giving from family, it also positively influences individual human capital, namely 
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, and the soft giving ‘
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’ will facilitate the parents to invest in human capital.

Assumption 2: if other conditions are given, the soft giving will enable the marginal return of parents’ investment to human capital of the child to increase by degrees, namely:
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 is all social factors that influence individual human capital, the increase of social factors is also helpful to heighten the formation of human capital, so 
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. The same as Becker and Tomes (1979, 1986), we assume 
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 is the same for each individual, but in reality, 
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 is not completely the same for different individuals or those in social classes. For instance, in rural and urban areas, and different communities the rich and the poor live, different social environments will generate different and significant influences to individual human capital investment: it is advantageous for those living in urban areas and rich communities in investment and accumulation of individual human capital.
1) In Perfect Market

In perfect market, we assume the market interest rate keeps constant at 
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, the parents will decrease the amount of inheritance and increase investment of human capital; in reverse, if 
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, the parents will decrease investment of human capital and increase inheritance. In the condition of balance, then
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, namely the marginal return rate
 of human capital investment equals to the market balanced interest rate.
The poor Group B has neither inheritance nor self-owned fund for human capital investment, but because the market is perfect, there is no limit of borrowing, so the individual can raise satisfied investment fund in the market at interest rate ‘
[image: image47.wmf]r

-

’, until 
[image: image48.wmf]B

x

i

r

-

=

. If the marginal return rate of human capital investment is bigger than market interest rate, namely
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, then the parents of Group B will increase the scale of borrowing to enlarge human capital investment. Similarly, if the marginal return rate of human capital investment is smaller than market interest rate, namely
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, then the parents of Group B will decrease the scale of borrowing to cut human capital investment. In the condition of balance, then the marginal return rate of human capital investment equals to the market balanced interest rate, namely
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So we can find that, in perfect market, because there is no limit of borrowing, no matter the poor or the rich, the parents can borrow freely without limit and choose the level of human capital investment satisfied the child so as to maximize the family use. Therefore, when human capital investments of all families to their children are at a balance status and a satisfied level, then
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According to the 1st rule of welfare economics, the status when all markets are in balance is Pareto effective. Therefore, we can deduce that, in perfect capital market, the level of human capital investment of the whole society meets maximization, so there is no space for Pareto Optimality. According to endogenous economics, at this time, the effect of human capital to economic growth will also meet maximization.
Therefore, in perfect capital market, the initial income inequality is related to neither the scale of individual human capital investment nor the level of human capital of the whole society. In another word, under the assumption that the market is perfect, the income redistribution policy neither influences the increase of human capital investment of the whole society nor facilitates consequently the growth of economy. So it is different from the conclusions of Becker (1986) and related researchers: 1) in the text before, Becker considers that even though the market is perfect, the human capital investment of children in families with more initial wealth is larger; 2) Becker and related researchers analyzed only the influences of income inequality to human capital investment of children under the condition that the market is perfect, but they are in some families of rich or poor, they neither extended the research to the human capital of the whole society, nor discussed the influence of income inequality to the level of human capital of the whole society. 
2) In Imperfect Market

As is known to all, a perfect market is only a theoretical assumption, the reality of economic growth shows that, due to information imbalance, regulation, natural monopoly, and price discrimination and so on, the market is never perfect from the beginning, and nearly all markets are not perfect including capital market.
In imperfect market, the market interest rate is 
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, influenced by high cost of negotiation, contract implementation, and supervision, the actual interest rate is higher than the balanced interest rate under perfect market. In imperfect market, the rich Group A can also invest for human capital of the child at a satisfied level with the need to borrow, until the marginal return rate of human capital investment equals to market interest rate, namely
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, and the residual property is the inheritance for the child. If the marginal return of human capital investment is bigger than the market interest rate, namely
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, the parents of maximized use will increase human capital investment and decrease the amount of inheritance; in reverse, if the marginal return rate of human capital investment is smaller than the market interest rate, namely
[image: image57.wmf]'

'

A

x

i

r

<

, the parents of maximized use will decrease human capital investment and increase the amount of inheritance. At the time the marginal return rate of human capital investment equals to market interest rate, namely in balance, 
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(7) tells us that, the marginal return rate is bigger than the interest rate under the condition of perfect market competition, therefore, in imperfect condition, even if there is no limit of borrowing, when in balance, the scale of human capital investment of rich Group A to the child is small than the scale in perfect condition.
Because the poor Group B has no residual property after consumption, if it wants to invest for human capital of the child, the parents must borrow in the market. If the loan mortgage is sufficient, the lender will loose the credit limit, because in case the borrower is not able to return, the lender can recall the whole or party of his/her interests from the mortgage, so the loan risk is smaller. Similarly, it is much easier to judge the value of property than to judge the morality of a person, so mortgage mitigates the information imbalance between the lender and borrower. But for human capital investment, due to long period, big uncertainty, and high risk (in case of breach, it is hard to take human capital), because of no sufficient asset for mortgage, so it is hard for the parents of the poor Group B to raise satisfied scale of fund in the market, even if they can raise part of it, the interest rate is as high as surprising.
We assume that the parents in poverty can raise part of the fund for investment, the condition of balance is 
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. In addition, if the parents cannot raise in the market a certain amount of fund for investment, they may increase the investment for human capital of their child through decreasing their own consumption, the result of doing this is that the marginal use of consumption is increased, the use of human capital investment is decreased, and finally the investment of the parents to the human capital of the child is decreased.
So that in imperfect market, the rich can still invest on a satisfied basis for human capital of their child, but due to the limit of imperfect credit market, the poor have to raise only part of the fund for human capital investment at a rate higher than market interest rate, or it is impossible for them to borrow
. In the condition of balance, because
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According to (8), in imperfect market, when in balance, the marginal return rate of human capital investment of poor Group B is bigger than it of the rich Group B. Due to the limit of borrowing, the scale of human capital investment of Group B is smaller than it under perfect market. For the whole society, the level of human capital investment is lower than the potential level (the level when without limit of borrowing). Under such circumstance, the initial income inequality will largely influence the human capital investment of both individual and the whole society. Because of the existence of possibility of Pareto Optimality, at this moment, if to increase the level of human capital investment of the poor through redistribution policy (tax imposition etc.) to transfer part of the wealth of the rich to the poor, and make equal of human capital investment return rates of the whole society, the level of human capital investment of the whole society will be maximized. In another word, the policy of income policy will increase the level of human capital of both individual and the whole society.
Let’s take it into detail, if the rich family can provide a poor family with a loan used for human capital investment, the whole credit market will be improved in efficiency; and if a poor can use the fund to invest in human capital, maybe he would enjoy higher investment return rate than the rich (because the rich has already used completely the opportunity of being educated), therefore, the poor can compensate the rich of the opportunity cost of this investment. In fact, because the market is not perfect, maybe the credit market cannot be operated like that, or the borrowing and lending are difficult or even cannot be implemented. The inequality of human capital will feedback and strengthen the initial inequality of income or wealth, and so incur different ways of balance. Therefore, suitable policy of redistribution is helpful to increase the amount of human capital and total output of the whole society.
4. Discussion

1) The difference and influence of 
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 is not included in Part 3. Like what have discussed that, in real life, 
[image: image76.wmf]t

s

 is different for social members in different families or social classes. For instance, in rural area and urban area and different communities where the poor and the rich live, factors of different social environments will generate different and significant influences to individual human capital investment.

We assume such two extreme circumstances: 
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 included only the education expense of public institutions, while ignoring other social giving analyzed by Benabou and others; all families of the rich Group A lives in urban area, and part of education expense of their children is paid by public institutions (like government), while all families of the poor Group B live in rural areas, and the whole expense of education of their children is raised collectively or paid by their own
; the market interests of both urban and rural areas are at 
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. Under such assumption, how will the internal human capital of each group and human capital of the whole society change?
Let’s see the rich Group A first. Because part of education expense of the representative individual is paid by public institution, the scale equals to the product of tax rate ‘
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 is still paid by individual. In the balance condition that marginal return rate of human capital investment equals to market interest rate 
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Namely the education expense is afforded by both the parents and public institutions, so 
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It means that the marginal return rate of human capital investment of the representative individual in the rich Group A is bigger than the market interest rate, therefore, the individual may further invest for human capital of the child. From a perspective of dynamic economics, partial investment is afforded by public institution to facilitate the individual human capital investment, and so enable the internal human capital accumulation of the group to accelerate in growth. In the new-economy era, the accelerative growth of human capital will for sure drive the fast growth of the internal economy of the group. For the thirty years’ reform and open-up, the reality in China that the level of education of urbanites has been largely increased and urban economic growth is much faster than rural economic growth is the best evidence for this conclusion. Therefore, 
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 can enable the human capital of families in the rich Group A and the human capital accumulation of the whole society to achieve accelerative growth.
Now let’s turn to the poor Group B. The education expense is raised collectively based on the town or village. Due to very low income, after consumption, the representative individual has little left, so the public education expense (including taxes and charges) raised in Group B is very limited and even zero. Therefore, the public education offer supplements little to family expense, and even never facilitates the human capital investment of the parents for the child. In reverse, due to information block, relationship with fellows and neighbors, and serious absence of public medical care and education, the soft environment where Group B is in is severe, so that the social environment limits individual human capital investment, namely 
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. So the result is that the human capital investment of families in Group B is limited tighter, and it is even worse for human capital accumulation.
Therefore, under the condition that 
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 is totally different, the community (or social environment) 
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 in equation (1) significantly influences individual human capital accumulation. In the rich Group A, both the fund for individual investment is plentiful and the input of public fund in the area is large, so it accelerates the growth of individual and social human capital accumulation; oppositely, in the area of poor Group B, due to the limit of borrowing and severe social environment, both individual and social human capital accumulation is seriously limited, the difference with Group A is being enlarged, and it is the so-called ‘Mathews Effect’ that ‘the rich become richer, and the poor become poorer’. For the whole society, there are probably four results of human capital accumulation: 1), if A < B, and the added human capital of the rich is less than the added human capital of the poor, then the level of human capital of the whole society is lower; 2), if A < B, and the added human capital of the rich is more than the added human capital of the poor, then the level of human capital of the whole society is uncertain; 3), if A >B, and the added human capital of the rich is less than the added human capital of the poor, then the level of human capital of the whole society is uncertain; 4), if A >B, and the added human capital of the rich is more than the added human capital of the poor, then the level of human capital of the whole society is higher.
Comparatively, case 1) is more consistent with the reality in developing countries including China, so we can make such conclusion that: in developing countries, the difference of 
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 will slow the human capital accumulation of the whole society. Therefore, in order to accelerate human capital accumulation and the economic growth, the developing countries should especially implement the education policy that is public, national, and supportive to low-income families, but not the policy of duality intersection, much earlier and faster privatization, and focus of educating social elites.
2) Influence of interest rate 
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 is discount rate, compared with own consumption, bigger 
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 results in lower evaluation of parents to human capital investment of the child. If 
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This condition tells us that, the total wealth of the parents after tax equals to their own consumption plus investment for human capital of their child. Under the budget restriction equation (12), Lagrange function is:
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1st order condition is:
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So,
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Or
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 will never be negative, so equation (16) clearly indicates that, the human capital investment of the parents to their child is the increasing function of their wealth: the more the wealth is, the more the investment is, and vice verse.

Under private education system, if the government does not use tax revenue into human capital investment, then the influence of tax rate to individual human capital is certain. In equation (15), the denominator at the right is positive, so the derivative of human capital 
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. That is to say, the higher the tax rate is, the less the investment is, and vice versa.
Under mixed education system, however, part of the education expense is afforded by the government, and part is afforded by the individual (or family). Upon this situation, there are two effects of tax rate change to human capital investment: on one hand, tax imposition decreases family wealth and incurs decrease of human capital investment; on the other hand, the added public expense incurred by tax imposition will substitute part of the education expense of the family, so the real wealth of the parents is more, and this will increase human capital investment. The first one is the income effect, and the latter is substitute effect. Therefore, the net investment for human capital is determined by the relative numbers of the two effects: if income effect is more than substitute effect, then the total human capital investment will decrease; and if income effect is less than substitute effect, then the total human capital investment will increase. As a deduction or guess, we consider that, in general, for the rich Group A, the income effect is more than substitute effect, and tax imposition will decrease relatively the net investment of human capital; for the poor Group B, the income effect is less than substitute effect, and tax imposition will increase relatively the net investment of human capital. As for the total effect of the society, if the decrease amount of human capital investment of the family in Group A is less than the increased amount of the family in Group B, then it is feasible to implement new policy of tax increase. Also, the policy meaning of this conclusion is clear that, the country or region where mixed education system is implemented should increase tax rate, enlarge government input for public education, and increase the inventory of human capital of the whole society, so as to facilitate the growth of economy.
3) Limit of supply & individual differences

There are two strong assumptions hidden in the previous analysis: one is that the supply of educational resources is unlimited, in another word, every individual can purchase satisfied scale of human capital if he/she has enough money; and the other is that there is no difference of capability of being educated among individuals (children). In the real life, however, these two assumptions shall be modified. Next, we will analyze the influence of initial income distribution to human capital of the whole society, on the condition that there are limit of supply to human capital and individual limit to capability of being educated of individuals.

The limit of supply to human capital is existing in most of developing countries including China, especially quality resources of education, both the quantity is limited and the price is extremely high. If we classify the limited educational resources (like schools) into three classes according to the quality as H, M, and L, and individuals also into three types according to the learning ability: low ability, moderate ability, and high ability. The educational cost for individuals with low learning ability is higher, to get the same diploma, the individuals with high learning ability will spend less efforts. Under the condition of same number of each class of schools and each type of individuals, we can deduce that, only that individuals with high learning ability study in H-class schools, those with moderate ability study in M-class schools, and those with low ability study in L-class schools, it will minimize educational cost and maximize human capital production of the whole society.
Under the condition of limit of supply, the curve of human capital supply is vertical, and the scale of individual educational investment depends on the condition of family wealth. In private education system, however, the individual in the family of Group A is advantageous in wealth and living area, he/she has the ability and condition to obtain more quality educational resources; but the individual in Group B can only limited or even few quality educational resources due to the limits of borrowing and living area. In Table 2, if weighing X, Y, Z & H, M, L as 3 units, 2 units, and 1 unit respectively, for example, the individual with high ability studies in best school, the result is 9; if in moderate school, the result is 6, and so on. If there is no limit of credit, then the inventory of human capital of the whole society is 28 (14 units for Group A, and 14 units for Group B); and if there is limit of credit, then the inventory of human capital of the whole society is 24 (17 units for Group A, and 7 units for Group B), namely 4 units less.
Table 2
Influence of individual difference to human capital of whole society under limit of supply

	School Classification
	Without limit of credit
	With limit of credit

	
	Group A (rich)
	Group B (poor)
	Group A (rich)
	Group B (poor)

	
	X
	Y
	Z
	X
	Y
	Z
	X
	Y
	Z
	X
	Y
	Z

	H
	√
	
	
	√
	
	
	√
	√
	
	
	
	

	M
	
	√
	
	
	√
	
	
	
	√
	√
	
	

	L
	
	
	√
	
	
	√
	
	
	
	
	√
	√


Through not standard calculation, we can make such conclusion that: under the both limits of supply and credit, the children of Group A have more chances to study in better schools, and due to the limit of credit, part of the children of Group B has to study in schools with lower level mismatching with their learning abilities. Even though all the children of the poor can study in schools, the existence of individual difference (children of the rich with moderate learning ability study in H-class schools, or children of the poor with high ability study in M-class schools etc.) will lower the human capital of the whole society. If in consideration that under income inequality, the population of the poor is much large than the rich, but children of the rich enjoy more quality educational resources, and relatively large part of children (including those with high learning ability) of the poor even do not have the chance to study in school, then it will incur bigger loss of efficiency of human capital of the whole society.
4) Constraint and liberation of finance
The previous conclusion is made under the assumption that financial system and interest rate are both ectogenic variables. But as a matter of fact, financial system is changing from time to time, and the market interest rate is also not constant, so the change of financial system will also influence the level of human capital of the whole society. There is a long history of research on the relationship between financial development and economic growth
, but few of researches involves in the influence of financial development to income inequality and human capital formation.
Financial development is a process to mitigate and remove financial constraints, loose financial regulation, and facilitate finance to be deeper and wider. In general, there are two results of the process: decrease of interest rate & increase of possibility of loan obtainment, and these two results will both significantly influence human capital accumulation. The fundamental model in Part 3 and discussion in this Part both analyze the behavior of human capital investment from a perspective of demand. Upon this circumstance, the decrease of interest rate and increase of borrowing possibility will influence human capital investment in supply and demand and further influence the level of human capital of the whole society.
A. Increase of possibility of loan obtainment. Like shown in Chart 1, when there is financial constraints, the balanced interest rate is i0, human capital investment of single family is x0, the enlargement of financial reform and scale of fund available for loaning will increase the possibility of loan obtainment of families (especially those in Group B), and so drive the curve of human capital investment demand H0 to move to the right to H1. Under balance status with other conditions are constant, the expense of human capital investment increases from x0 to x1; while, increase of loan demand will make interest rate increase (the supply curve is upward) and counteract part of the investment added, so it is the same for both the rich and the poor. Therefore, the net effect of the increase of possibility of loan obtainment to human capital investment of the whole society is determined by the relative numbers of positive effect (increase) and negative effect (decrease): when positive effect is bigger than negative effect, the human capital investment will increase as finance develops; while when positive effect is smaller than negative effect, the human capital investment will decrease as finance develops. In general, in the society where income distribution is unequal, the population of the poor is much bigger than the rich, therefore, for the increase of possibility of loan obtainment, its positive effect is bigger than the negative, so it is helpful for human capital accumulation of the whole society.
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B. Decrease of interest rate. As financial regulation is being loosed, system being completed, information obtainment being easier, and fund for loaning being increased, such financial development will commonly drive the market interest rate to decrease. The decrease of interest rate will drive the supply curve from S1 to the right to S2. And when other conditions are constant, in balanced status, the interest rate will decrease to r2, and investment will increase to x2. For both the poor and the rich, the effect of decrease of interest rate is the same: the decrease will drive individual human capital investment to increase. The reason is that: the cost of human capital investment decreases as the interest rate decreases, so that the marginal return rate of human capital investment is higher than market interest rate, at this time, the parents of maximum utility will make the decision to enlarge investment for human capital of their child, until the two are equal. Therefore, the decrease of interest rate caused by financial development will drive the human capital investment of the whole society to increase and so further facilitate economic growth. This is consistent with the conclusion of Greenwood and Javanovic and others, although there is small difference in the mechanism of effect.
C. Common influence. When we combine the decrease of interest rate and increase of possibility of loan obtainment, we can make conclusion that human capital investment will increase considerably. In Table 1, the amount of increase from x0 to x3 is (x3-x0). In another word, the decrease of interest rate and increase of possibility of loan obtainment caused by financial development will drive the level of human capital of both individuals (both the poor and the rich) and the whole society to increase at a large scale. Therefore, if income is unequal, financial reform will significantly influence the increase of inventory of human capital of an economy, especially developing countries. So developing countries should accelerate their financial development to remove the constraints of loan to the poor.
5. Data Explanation and Result of Measurement Return

In this Part, we have used the cross-sectioned data of 112 countries and regions during 1992 to 2002 to analyze the relationship between income inequality and human capital accumulation on the basis of these cases.

1) Selection of index and source of data
Stock education obtainment (average years of education) is the most suitable factor to indicate the level of human capital development. The data of average numbers we have used is from World Development Report-Fairness and Development 2006 by World Bank. The biggest is 14.3, the smallest is 1.1, and the general average number is 7.8. Gini Coefficient is widely used to measure the inequality of income or wealth distribution of a country (region). The data of Gini Coefficients of related countries (regions) we have used is from World Income Inequality Database in World Institute for Development Economic Research 2007 by United Nations University. The data covers the Gini coefficients of majority of the countries in years from 1890. We have selected 112 numbers of 112 countries (regions). In consideration that the hysteretic period is about 5 years after influence of income distribution to human capital formation, so the principle of selection is correspondent to average years of education and the hysteretic period is 4 to 7 years, the biggest number is 77.3, the smallest is 20.9, and average is 42.3 (refer to Table 3 for explanation). The data used here is neither time-order data nor cross-sectioned data, but a panel data
, so we mainly use vertical data for regressing.
Table 3 
Gini Coefficients and Average Years of Education
	
	Gini
	EYE

	Average
	42.49487
	7.785179

	Moderate 
	41.65000
	8.040000

	Biggest
	77.30000
	14.27000

	Lowest
	20.90000
	1.120000

	Standard error.
	11.64462
	3.361146

	Difference 
	0.470124
	-0.206980

	Kurtosis
	3.047964
	2.028078

	
	
	

	Summation
	4759.425
	871.9400

	Square summation
	15051.28
	1254.001

	
	
	

	Measured number
	112
	112


2) Result of measurement
We make the Plot (Chart 2) through two variables as AYE and Gini Coefficient. We find that there would be negative linear correlation between these two variables, namely the worse the income inequality is, the lower the AYE is, oppositely, the better the degree of income equality is, the hither the AYE is. Therefore, first we use OLS to make linear return of AYE and Gini Coefficient. The results are shown in Table 4.
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Table 4 
Results of regressing of Gini and AYE

	
	（AYE）

	
	(1)
	(2)
	(3)
	（4）

	Constant 
Gini Coefficient
Number of sample
R2
	13.9（0.00）
-0.15（0.00）
112

0.25
	13.8(0.00)

-0.14(0.00)

95

0.24
	14.9(0.00)

-0.15(0.00)

31

0.35
	11.5(0.00)

-0.10(0.00)

81

0.12


Note: the number in bracket is p value; we use EViews software for calculation.
According to Table 4, we can conclude that:

A) According to the data of 114 countries, there is obvious negative correlation between income inequality and human capital formation (1st row). P is 0, the original assumption the coefficient is 0 is not correct; R2 is 0.25 with relatively good degree of fitting. In detail, 1 percent increase of Gini Coefficient leads to 0.15 years decrease of AYE. So this is consistent with our prediction that: income inequality is not good for human capital accumulation.
B) Because of lag of variables, there are special characters of income distribution of countries in systematic reform including east European countries: in general, compared with countries with same level of development, the Gini coefficients of these countries are smaller. Therefore we predict that, if we remove east European countries and those in the process of transformation, the result of return will probably change at a significant level. However, the result in Row 2 tells us that, the result of 95 countries after removing those countries mentioned above is nearly the same as the result in Row 1, the coefficients and constant are also almost the same, and degree of equation fitting is the same. It indicates that the conclusion that income distribution influences human capital accumulation is not related to national system or ideology: no matter the former socialist countries or non-socialist countries, the deterioration of income distribution will decease the human capital accumulation.
C) Row 3 and 4 are the results of return by differentiating developed countries and developing countries. The coefficients are of small difference, but compared with Row 1, the constancy of Row 3 is much bigger, and R2 also increases considerably. So it indicates the conclusion that income distribution influences human capital accumulation works better in developed countries and the degree of fitting is higher. But in Row 4, the result is just the opposite: the constancy, coefficient and R2 are all smaller, so it means the conclusion that income distribution influences human capital accumulation is not well applicable in developed countries and the degree of fitting is low. This is not consistent with our prediction, the reason maybe that, due to large difference of income in developing countries, as large as that the rich are not restrained by financial limit, but the poor never have the chance to invest for human capital, so the improvement of income distribution for human capital investment is not as sensitive as in developed countries.

6. Concluding Remarks
On the basis of two-period OLG model of Becker and others, we developed a theoretical model that analyzed the influence of income distribution to the total human capital accumulation of representative individuals and the whole society under two circumstances of perfect and imperfect capital markets. According to our research, in perfect market, the initial income inequality is relative to neither individual human capital investment nor the level of human capital of the whole society. In another word, in perfect market, redistribution policy will not influence the increase of human capital investment of the whole society to facilitate economic growth. In imperfect market, however, there is large influence of initial income inequality to human capital investment of individuals and the whole society, and the redistribution policy will influence human capital of individual and the whole society.
The policy variables like social resource 
[image: image125.wmf]t

s

, interest rate 
[image: image126.wmf]t

, limit of supply, and financial development will significantly influence human capital accumulation of individual and the whole society. 1) in developing countries, the difference of 
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 drives the human capital accumulation of the whole society to decrease. Therefore, developing countries should implement the education policy that is public, national, and supportive to low-income families, but not the policy of duality intersection, much earlier and faster privatization, and focus of educating social elites; 2) the higher the interest rate 
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, the lower the human capital investment of parents to child is and vice versa. the countries or regions where mixed education system is implemented should increase tax rate, enlarge government input for public education, and increase the inventory of human capital of the whole society, so as to facilitate the growth of economy; 3) under the both limits of supply and credit, the children of the rich have more chances to study in better schools, and due to the limit of credit, part of the children of the poor has to study in schools with lower level mismatching with their learning abilities. Under income inequality, the population of the poor is much large than the rich, but children of the rich enjoy more quality educational resources, and relatively large part of children (including those with high learning ability) of the poor even do not have the chance to study in school, then it will cause large loss of efficiency of human capital of the whole society. 4) the decrease of interest rate and increase of possibility of loan obtainment caused by financial development will drive the level of human capital of both individuals (both the poor and the rich) and the whole society to increase at a large scale. Therefore, if income is unequal, financial reform will significantly influence the increase of inventory of human capital of an economy.

By using quasi cross-section data of 114 countries, we finally analyze the relationship between income distribution and human capital accumulation. By regressing we find that, no matter for capitalistic society or non-capitalistic society, income inequality will negatively influence human capital accumulation. 1 percent increase of Gini Coefficient leads to 0.15 years decrease of AYE. By comparison, the negative correlation between the two variables is more obvious in developed countries, and the degree of equation fitting is higher.
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� In fact, if the assumption of perfect market is real, we can also conclude that the incomes of the rich and the poor converge to moderate income (rich for no more than three generations). Because on one hand, compared with life income, the amount of inheritance is relatively smaller, and generally speaking, income is the major part of personal asset; on the other hand, even though someone gains a huge inheritance from his/her ancestors, but the amount will decrease along with the increase of generations and finally to zero.


� Although the method and perspective are different, the conclusion is similar to it of Becker (1986). According to Becker (1986), the advantage or disadvantage of parents in wealth possession will not exist within three generations.


� According to Galor and Zeira(1993), the economy is poor is the beginning, it is poor in long-term; the country is rich in the beginning, if the wealth is possessed by majority of people, then it is also rich in the long-term. But even though the country holds huge wealth, if majority of the wealth is held by minority of people, then it will become poor in the long-term. But if there is large scale moderate income class of people, the long-term prospect of its economic growth is expectable.


4 It is consistent with the meaning of human capital in the model of endogenetic economic growth.


�Some researches assume parents make all decisions of education, and the children only accept passively the decision made by their parents; and some assume parents make part of the decisions and children make the rest, because parents can choose the type and quality of schools, but children can decide to put how much effort in study. But here, we assume parents afford the whole of educational expense, and children cannot make rational decision of effort in study.


�If ignoring luck or other uncertainties, it means to have selected the income of the child in the future.


�Accurately, it should be discount rate of human capital investment return. In order to make analysis easier, we use marginal return rate instead, and the same in the following.


� Zhiqiang Liu(2003) used returned result of China’s data and found that, the level of being educated of the parents will largely influence the education of the child: the higher the level is, the higher the AYE of the child is.


�Such assumption basically matches the social reality of China under duality economy.


� Greenwood and Jovanovic (1990) discovered the relationship between financial development and economic growth. Demetriades and Hussein (1996) indicated the relationship between financial development and economic growth is bidirectional.


�Panel Data is the data with two characters of space and time. Please refer to details of panel data retuned model in Basic Econometrics (4th editon), Damodar N. Gujarati, Press of REMIN University of China, 2005, P599-P618.
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