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ABSTRACT
The fertility rate is decreasing as women are having fewer children.  I discover that there is much empirical evidence of an inverse relationship among human capital and fertility rates.  This paper explores this relationship, the costs and benefits of children, and how options theory can be applied to enhance our understanding of fertility behavior.
Introduction
Options pricing theory, also called Black-Scholes Pricing Theory, traces its roots back to the work of Bachelier with his discovery of the stochastic process, published in his doctoral thesis in 1900.  In 1973, Fischer Black and Myron Shcoles published their paper, “The Pricing of Options and Corporate Liabilities.”  It was at this time that a theoretical framework for pricing options became available.  Once thought narrow and technical in its application, options pricing theory can be applied to a broad range of abstract ideas to help us better enhance our knowledge and understanding of these ideas.  In options theory, an option is the right, but not an obligation, to make an investment decision.  Likewise, having a child, that is the choice to reproduce, is a right and not an obligation.  Children are indeed a major investment of time, effort, and money.  What insightful parallels can we infer from our knowledge of option theory as it relates to fertility and the decisions of parents to invest in children?  Fertility behavior, especially in developed countries, has changed dramatically since the beginning of the twentieth century.

Prior to Industrialized Revolution Era, society was characterized by high fertility rates, little education, and low rates of productivity growth whereas the opposite, low fertility, greater education and an increasing dominance of human capital, is characteristic of today’s modern, developed countries. (Clark).  The above characteristic of human capital is pervasive throughout the topic of this paper and an understanding of what it embodies is of value.

Many definitions exist, but they all personify the same fundamental attribute of which is education, either formally, or that acquired through on-the-job and life experiences.  For the purpose of this paper, perhaps the most relevant definition is that of which defines human capital as personal attributes that are valuable in an economic context.  Human capital arises from investments in education and is often rewarded with returns of monetary remuneration such as higher wages and salaries.  A deeper understanding of the rates of return on human capital and children can help up to better understand and explain the observed negative relationship among greater education (human capital) and fertility.  In the sections to follow, I will use the theoretical value of an option to predict how the value of the reproduction option will change in the face of changing conditions.  In the Black-Scholes Model we know that the value of a call option is represented by the equation: 
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Where S is the value of the commodity, the value/benefits of a child; K, the strike price, which equals the fixed costs of the investment in children; T equals the time till expiration; r is the discount rate; and σ represents future uncertainty.  The time till expiration in my analysis of the reproduction option is not infinite.  Society often coins the term “biological clock” to refer to a woman’s fertility.  Women do have a reproduction age and the expiration of this option essentially expires when a woman enters menopause.  I make no attempt to discuss or consider the groundbreaking advances in fertility technology and Fertility Medicine that could potentially extend the expiration period well beyond the years of menopause.  In this paper, therefore, I make the following assumption.  While there is a large time frame till expiration of the reproduction option, it does eventually expire when the woman reaches menopause.

That is, I exclude the choice of Fertility Medicine in my evaluations.  This said the reproduction option is like an American option in that it can be exercised at any time prior to expiration.  The rest of this paper is organized as follows.  Section I investigates the demographic portraits of developed countries.  Section II discusses the human capital/reproduction tradeoff.  Section III discusses the rate of return on children focusing on the discount rate used in the options model.  Section IV Concludes.

I. Demographic Portraits of Developed Countries
In this section, I examine in more detail the demographic portrait of Canada to show that declining fertility rates of modern, developed countries are in fact observable.  I then provide evidence of similar observations in other developed countries such as the United Stated and Sweden.  A measure of fertility rates across the twentieth century has presented striking evidence of the trends in birth rates, female labour supply, and the wages of females in developing countries.
Statistics Canada projects a negative increase in its population over the next fifty years.  It is predicted that there could be more deaths than births as early as 2020.  In a more optimistic, high-growth scenario we could possibly delay negative population increases till 2046.  Even in this high-growth scenario, an estimation of 1.7 children per Canadian woman is quite low
.  Compare this to 4 children per Canadian woman in 1960 and it is evident that Canada’s population growth is shrinking.  Next is a look at the educational portrait of Canada to observe changing trends that could possibly support the above hypothesis of a negative relationship among human capital and fertility.  A 2006 census report appears to help substantiate this claim.  For example, the number of university degrees has grown substantially since 2001.  In 2006, the number of adults between the ages of 25 and 64 who had a university degree saw a 24% increase since 2001.  29% of young adults aged 25-34 had a university degree in 2006 compared to 18% among adults aged 55 to 64 illustrating that young adults today are achieving higher levels of education than their older counterparts.   A most interesting observation was that women were leading the way in post-secondary education attainment.  33% vs. 25% of women over men aged 25 to 34 had a university degree.  
Their observed counterparts, aged 55 and 64 show a higher percentage of men over woman, 21% vs.16% having a university degree, thus illustrating a changing Canadian trend.
This trend is observed in other developed countries as well.  For example, in the United Sates at the beginning of the twentieth century, a woman bore four children, on average, over her life time which subsequently has decreased to an average of 1.9 children by the end of the twentieth century.  Similarly in Sweden, near the beginning of the twentieth century, a women bore, on average, four children as well.  By the mid 1980’s this number decreased greater than that of North American women reaching a low of 1.4 children per woman (Espenshade).  Parallel to the decline in fertility has been the increase in human capital and female labour force participation.

II. Human Capital/Reproduction Tradeoff
Many inputs go into the production of children.  Whereas the psychological and social benefits of children are immeasurable and any attempt to put a value on these benefits would be imprecise, the cost of bearing and rearing children can be measured with greater ease and some say that these costs are often underestimated.  The costs of children can be separated into two categories.  The first category entails the direct money-expended costs of children.  Costs of this type consist of monetary expenditures such as food, clothing, shelter, and the indirect costs of public education funded through taxes.  Opportunity costs make up the second category.  These costs are slightly more difficult to measure.  Opportunity costs can be measured as the income forgone by staying at home and raising children (Espenshade).  
In a paper by Gayle-Miller 2003, the costs of children were measured as the opportunity costs of the female wage rate forgone during the child rearing years.  In addition to the current costs was the underlying fact that time spent away from the labour market reduced the number of years of job experience impacting the positive effects of on-the-job human capital accumulation.  
This type of opportunity cost affects future earnings.  Theses “lost years” can not be recaptured.  Their study also looked into the time spent nurturing a child.

Results indicated that new births require 35% of the mother’s time decreasing to about 16% for a child of age five or older.  These results reaffirmed findings in earlier papers by Holtz and Miller (1984).  The conclusion that we are able draw from their research is such that it supports the above statements of forgone human capital accumulation during child rearing years.  It was found that women with a higher wage rate trajectory made having children less desirable.  A paper titled “The Cash Opportunity Cost of Childbearing” by Heather Joshi (1990), also discussed the short and long-run effects of forgone human capital accumulation during the child rearing years.  Running an OLS regression of the pay of a sample of employed women at the time of the Women and Employment Survey of 1980 concluded that pay rose with experience gained and this rise in the wage rate was affected by whether the experience was in full-time or part-time work.  The regression also showed that the return on accumulated experience eventually becomes negative.  A suggested explanation of this observation was that towards the end of careers there is less on-the-job training and human capital appreciation starts to stagnate.  In summation, there is a positive relation between human capital and the cost of children.  Second, greater investment in human capital combined with estimates of risk aversion and the desire to smooth out future wages, women were more likely to delay having children.  Finally, better educated women with higher wage rates and wage rate potential are more likely to not have children than non-working women.  With the application of option theory, we can enhance our understanding of this empirical evidence.  First I examine the relationship between the value of the option and fixed costs and secondly, I examine the relationship between time to expiration and the option value.  If we compare the value of two scenarios differing in the level of fixed costs only, the value of the option is greater when there is fewer fixed cost.  This is illustrated in Figure 1.A.  In Figure 1.B, is the graphic illustration of different levels of fixed costs (10).  Higher fixed costs decrease the value of the reproduction option.  In Figure 2.A, is again a two scenario comparison of the value of a reproduction option differing only in the time to expiration.  Figure 2.B is a graphic illustration of different levels (10) of time to expiration.  It shows that as (T) decreases, so does the value of the option.
Again, this concurs with empirical evidence.  Waiting to have children is associated with a time in our life when we are pursuing education and human capital accumulation.  As we wait, we gain more human capital which increases the costs of children.  The longer we wait the more expensive children become as opportunity costs rise.  In conclusion, as we further approach expiration, the less valuable is the reproduction option.
III. Rate of Return (r)
Previous sections have focused on the indirect opportunity costs of child rearing and the impact on a child’s rate of return.  In this section, I talk more about the benefits of children and what impact they too have on rate of return as well as other connections that can be made to help understand and intuitively explain the negative correlation between decreasing fertility in developed countries.  I first look at a study documenting the increasing rate of return on human capital.  In subsection B, I discuss the contribution of children to family income and its effect on the discount rate used.

A. Increasing Rate of Return on Human Capital

In a study by Becker, et. al. (1990) titled “Human Capital, Fertility, and Economic Growth” they found that as human capital becomes more abundant, the rate of return on this capital is greater than the rate of return on children.  The reverse is true as well.  When human capital is in short supply, the rate of return on children is greater than that of human capital.  The assumptions used in their models appear quite intuitive and capture the fertility behavior observed in other empirical studies.  The discount rate used in their model (discount rate on future consumption) depends negatively on fertility.  The implications of their findings are such that when human capital is low so are rates of return.  As human capital increases so does the rate of return up to the point nearing saturation in which additional knowledge is difficult to absorb.  When human capital is zero the future discount rate is high since cost of rearing children is cheap given that there is little in opportunity costs, which is wages forgone.  As human capital increases, opportunity costs increase and the discount rate decreases as children become more expensive. 
B. Economic Contribution to Family Income
Strictly focusing on the economic benefits of children, their value in less developed and developing countries is grater than that of modern, developed countries.  In less developed countries, characterized by a more rural setting, the value of children increases because they provide a greater contribution to family income.  In poorer countries, education is a luxury and often children enter the workforce much sooner and become important income contributors.  In modernized countries such as those in North America, schooling is compulsory and there are fewer work opportunities for young children.  Consequently, the economic value of children in developed countries is less since their economic cost exceeds their economic benefits much longer.  In this sense, educated children become less economic (Stark 1981).  This suggests a positive relation in the economic contributions by children to their parents and the discount rate.  
C. Rate of Return – Concluding Remarks

The empirical implications of both subsections provide an insightful look into the discount rate of children.  The first examines it from the viewpoint of return on human capital.  When human capital is abundant, the rate of return [children] is low relative to the return on human capital, once again illustrating the observed negative relation between human capital and fertility.  Section B focuses on the contributory benefits of children, increasing the return on the investment in child capital, if you will.  Once again, option theory corroborates the findings of the above studies.

As illustrated in Figures 3.A and 3.B, when the discount rate increases so does the value of the option.  The option to exercise becomes more desirable.  Figure 3.A, is a scenario comparison of the value of a reproduction option differing only in the discount rate.  Figure 3.B is a graphic illustration of different levels (10) of the discount rate.  As children become “cheaper” and/or exhibit greater contributions to family income, the discount rate increases and the option to exercise becomes more valuable leading to higher fertility rates.
IV. Concluding Remarks

A. Contradictions?

There is a certain implication within this paper that seems to contradict the observed correlation among human capital and fertility.  Let me explain.  I have shown that as fixed costs increase, the intrinsic value of the reproduction option decreases.  So then why do couples not have a greater number of children in succession and wouldn’t this then help to combat declining fertility numbers?  For example, child rearing years would overlap and affect the interruption of accumulating human capital less.  Having twins, for example, would be superior to having just one child with another to follow a few years later.  There does seem to be an explanation and it lies in quality vs. quantity.  Parental resources are limited both in time and money.  Therefore, there is a substitution between quantity and quality in the utility function and in household production (Becker and Lewis, 1973).  Increasing the quality of children (the amount and quantity of recourses give to children) requires greater inputs.  An effort to increase the quality of children is diminished as the quantity of children increases.
B. Fertility Policy

Social and economic policies can be designed and are used to change the balance of the benefits and costs associated with children and, therefore, directly affect the value of the option to reproduce.  Child care, and tax exemptions and credits for having children are such examples of fertility policy.  Government intervention to control fertility rates is an extensive topic in itself and a complete analysis of its affect on fertility is another paper.

C. Apologies

The topic of this paper and any attempts to place a dollar value on a child were never intended to offend.  Children are a source of incredible join and immeasurable, nonsubstitutable pleasure and kinship.  To have a child is more than just a “right,” it is a privilege.  The investment in the life of another, to bring up a child in an environment of love and nurturing, is a huge responsibility and is not to be taken lightly. 

D. Summary

The application of options theory is broad is not limited to financial investments alone.  At first thought, one might see options theory as narrow and technical.  However, options theory can enhance our knowledge and insightfulness when applied to other types of investment.  The intrinsic value of the option to reproduce varies with time, rate of return, and costs, and can aid in our understanding of changing demographic trends, human capital accumulation and fertility rates.
References
Becker, G. and Lewis, G. On the Interaction between the Quantity and Quality of Children. The Journal of Political Economy, Vol. 81. Part 2: New Economic Approaches to Fertility. (Mar-Apr., 1973), pp. S279-S288.

Becker et al. Human Capital, Fertility, and Economic Growth. The Journal of Political Economy, Vol. 98 No. 5, Part 2: The Problem of Development: A Conference of the Institute for the Study of Free Enterprise Systems. (Oct., 1990), pp. S12-S37.

Clark, G. Human Capital, Fertility and the Industrial Revolution. Department of Economics, University of California, Davis

Espenshade, T. Jul., 1972. The Price of Children and Socio-Economic Theories of Fertility. Population Studies, Vol. 26, No. 2. pp. 207-221

Espenshade, T. et al. Family Size and Economic Welfares. Family Planning Perspectives, Vol. 15, No. 6. (Nov-Dec., 1983) pp. 289-294

Gayle, G. and Miller, R. Life-Cycle Fertility and Human Capital Accumulation. Carnegie Mellon University. April 30, 2003.
Guy Stecklove. 1999. Evaluating the Economic Returns to Childbearing in Cote d’lvoire, Population Studies, 53, pp. 1-17.

Joshi, H. The Cash Opportunity Costs of Childbearing: An Approach to Estimation using British Data. Population Studies, Vol. 44, No. 1. (Mar., 1990), pp. 41-60.

Rowe, Timothy. Vanishing Canadians. January 2007. <http://www.sogc.org/jogc/abstracts/full/200702_Editorial_1.pdf
Shultz, T. The Value of Children: An Economic Perspective. The Journal of Political Economy, Vol. 81, No. 2. Part 2: New Economic Approaches to Fertility. (Mar-Apr., 1973).  Pp. S2-S13.

Statistics Canada. Education Portrait of Canada, 2006 Census. <http://www12.statcan.ca/english/census06/analysis/education/pdf/97-560-XIE2006001.pdf>

Statistics Canada. Family Portrait: Continuity and Change in Canadian Households in 2006, 2006 Census. <http://www12.statcan.ca/english/census06/analysis/famhouse/pdf/97-553-XIE2006001.pdf>

Figure Captions

Figure 1.A. Fixed cost and option value: Two scenario comparison differing in the level of fixed costs only. The option value is lowest in the scenario with the higher fixed costs.

Figure 1.B. Option value and increasing levels of fixed costs.  Higher fixed cost [accumulation of human capital] decreases the value of the reproduction option.

Figure 2.A. Time till expiration and option value: Two scenario comparison differing in the time till expiration only.  The option value is lower when time till expiration is smaller.  As (T) decreases, so does the value of the option.
Figure 2.B. Option value and decreasing T (expiration).  The longer one waits to reproduce the more expensive children become as opportunity costs rise.  As expiration approaches, the less valuable is the reproduction option.

Figure 3.A. Discount Rate (Rate of Return) and option value.  Two scenario comparison differing in the discount rate only.  The option value is greatest in the scenario with the higher discount rate.  When the discount rate increases so does the value of the option.  The option to exercise becomes more desirable.

Figure 3.B. Option Value and increasing discount rate.  As children become “cheaper” and/or exhibit greater contributions to family income, the discount rate increases and the option to exercise becomes more valuable leading to higher fertility rates.
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Figure 1.B
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Figure 2.A
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Figure 2.B
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Figure 3.A
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Figure 3.B
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