
I have benefitted from the discussions regarding this topic with Chalongphob*

Sussangkarn, Teera Ashakul, Charles Myers, Martha Ainsworth, Angus Deaton, Peter
Donaldson, Suganya Hutaserani, Ann Judd, John Mullahy and James Walker.  Mr.
Chalongphob at the Thailand Development Research Institute was of particular help in
analyzing the 1981 SES.  Paul McGuire provided able programming assistance at Yale.

Diminishing Returns to Scale in Family Planning Expenditures:

Thailand, 1976-1981*

T.  Paul Schultz

Yale University

January 16, 1997



Abstract

This paper assesses the effectiveness of government subsidies to public and private
family planning delivery systems to reduce fertility in Thailand before 1980.  Fertility rates
declined by half in Thailand from 1960 to 1980, and individual based estimates from
regression and poisson models for birth rates during 1975-1980 confirm that a significant
share of the variation in fertility is associated with the provincial level of expenditure on
family planning.  Additional hypotheses are tested for which segments of the population (i.e.
by age, education, rural/urban, farmers, etc.) benefited most from local family planning 
programs activities, whether the private and public programs are substitutes or complements
in each other in the production of more effective birth control, and the differential returns to
scale in the private and public delivery of family planning.  Although limitations of the data
and the analysis are noted, the findings strongly suggest that the rapid increase in female
education and the range of public subsidies extended to voluntary family planning programs in
Thailand were both important in accounting for the rapid decline in that country's fertility.



Diminishing Returns to Scale in Family Planning Expenditures:

Thailand, 1976-1981

I. Introduction

Between 1960 and 1980 total fertility rates in Thailand declined by nearly half.  This

sharp and continuing drop in fertility may be attributed to developments associated with the

country's rapid economic growth (6-8 percent per year) and related to a variety of family

planning programs that subsidized both public sector provision of services and "private"

delivery of birth control information and supplies through nonprofit organizations.  There are

few estimates of the effects of family planning program expenditures on the decline in fertility

for any country (Stolnitz, 1987), and Thailand is no exception.  Public services in most parts

of the world are being retrenched and refocussed on only those activities that the state

performs more efficiently or more equitably than the private sector (World Bank, 1988).

This paper assesses the effectiveness of public subsidies to public and private delivery

systems and tests a variety of hypotheses as to how the effect of public expenditures on family

planning programs differs across socioeconomic groups and whether the marginal effect of

public expenditures changes with the scale of programs.  Without a consensus on the

appropriate methods to use to estimate the cost effectiveness of family planning, the current

round of reductions in public sector programs is likely to reduce priorities for family planning

at a time when population growth continues in Africa at nearly 3 percent per year and is still 2

percent per year in ports of South and West Asia.

The analysis relies primarily on the Thai 1980/81 SocioEconomic Household Survey

(SES) which is merged with 1975 data on province-level expenditures on family planning. 
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Recent fertility rates are estimated at the individual level by "own-child methods" and fit to

covariates by linear instrumental variable techniques and by maximum likelihood methods

based on a time homogeneous Poisson process (Hausman et al., 1984; Maddala, 1983;

Mullahy, 1986).  The estimates permit us to inquire:  (1) How much of the fertility decline by

age groups can private and public programs explain?  (2) Are the returns to scale in the two

programs constant?  (3) Are the private and public sector programs complements for each

other or substitutes?  (4) For which segments of the population (i.e., educated, urban, farmers,

etc.) is each program more influential?

Controls for the influence of economic constraints on fertility, such as the mother's

education and household's permanent income level (per adult), are also included in the model. 

The SES was designed to obtain accurate data on consumer market expenditures, household

consumption of own production, and income in kind.  Because consumption is a better proxy

for permanent expected lifetime income than current reported income, a comprehensive

measure of total household consumption per adult is used to approximate the household's

expected income constraint.  The effect of household income on fertility decisions is

estimated by instrumental variable methods because realized household income is endogenous

to the fertility determination process, most notably because it includes the effect of the

woman's working decisions in the labor market.  Municipal and regional divisions of the Thai

population as well as the economic and educational characteristics of individuals are

interacted with local planning program expenditures to assess how these public and private

program expenditures affect distinct segments of the population.
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II. An Empirical Model:  Explanatory Variables and the Data

Four issues in research to evaluate population policies are discussed in this section. 

First, the nature of the policy intervention is described and the modeling issues for empirical

study are narrowed.  Second, the environmental constraints on reproductive goals and

achievements, other than the policy intervention itself, are characterized in order to control for

them statistically.  Third, a measure of the policy objective is proposed that is a proxy for the

period fertility rate.  Fourth, a statistical model is presented to approximate the association

between a non-negative integer measure of recent fertility and the policy intervention and

controls.

The Family Planning Program

Family planning programs are designed to help couples control their fertility.  A

simple measure of the effectiveness of public expenditures on family planning is their impact

on current fertility.   A program might affect fertility by a variety of routes:  (i) subsidizing1

clinic-based services of physicians and nurses and contraceptive supplies required by

contraceptors or sterilizers; (ii) subsidizing the distribution of simply birth control supplies

and information provided by paramedics such as midwives, who canvas local communities to

encourage adoption and use (i.e., outreach); and (iii) disseminating information about birth

control options and where to go to obtain specific methods.  Whether these program functions

are best administered within the public sector, or should be privatized through subsidies and

incentives to existing nonprofit organizations and private health care providers, is a subject of

current debate (World Bank, 1988).  The role of the public sector in family planning may also
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appropriately change as the demographic transition progresses.  For example, initially, the

program must diffuse basic knowledge about a new and innovative technology of birth

control, whereas at later stages the program provides a routine service and source of

subsidized contraceptives to an informed and receptive public.  More successful family—

planning programs in low-income countries have generally included all three

activities—clinics, outreach, information but it is typical for them to be integrated to some

degree.  Consequently, evaluation of the separate segments of the program is often difficult, if

not impossible.

Such public sector family planning programs might exhibit several properties.  First,

they are eventually subject to diminishing returns to scale as they expand, where scale is

defined as the level of local programs expenditure per potential beneficiary, or in this case

public outlays per woman of childbearing age (Schultz, 1988).  Second, separate program

activities such as clinic subsidies and outreach are likely to be substitutes for each other.  In

other words, each reduces the other's marginal payoff.  This potential for substitution can be

mitigated to the extent that the clinic and outreach segments of the program actually serve

separate populations, such as when the urban population is served by the hospital and clinic

facilities, and the rural population is served by the paramedic outreach activities.  In this case,

clinics and outreach may not erode the marginal product to the other program segment.  Third,

information may either complement or substitute for the effectiveness of the other two

distribution networks (Schultz, 1988).  Fourth, to the extent that education lowers the cost for

couples to evaluate new birth control technologies, the informational aspect of the program is

less valuable to more educated couples and hence less effective in adding to their birth control
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capacities (Rosenzweig and Schultz, 1988).  Finally, the greater the household's permanent

income per adult, the less influential may be the financial subsidies provided by the program

for adoption and supplies.

Other Factors Affecting Fertility:  Control Variables

Household demand theories of fertility assign importance to the opportunity cost of the

mother's time employed in child care.  In Thailand, where women participate frequently in the

market labor force and are also primarily responsible for child care (Knodel et al., 1988), it is

expected that when they can earn a higher wage, their income and child costs increase.  It is

generally observed that the net effect of these offsetting income and substitution effects

associated with an increase in women's wage rates is to reduce the desired and achieved levels

of fertility (Schultz, 1973, 1997).  Among the four thousand women in Thailand who reported

a wage or salary in the 1981 SES, an additional year of schooling is associated, on average,

with a 26 percent increase in their hourly wage, similar to the proportional association

between education and wage rates among men.   Women's years of education in Thailand is2

expected to decrease fertility, but this effect may vary by levels of schooling if years of

education affected fertility only to the extent that it increased market wage opportunities and

the value of women's time.  The household demand framework applied to the analysis of

fertility suggests that the wage rate available to men should exert a less negative (and perhaps

even a positive) effect on fertility compared with the effect of wage rate of women (Schultz,

1973, 1997).  Nonearned income should increase the desired number of children, for increases

in physical wealth that add to nonearned income relax the household's budget constraint by
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raising the opportunity cost of the time of either parent in child care without necessarily

increasing the price of children.

It is possible to disaggregate income sources for most households from the 1981 Thai

SES, particularly those in which both spouses work together in self-employment, such as

agricultural households which constitute the largest group of families in Thailand.  Thus,

measured household income distinguishes the earnings of all adults in the nuclear family  and3

nonearned income from land and other assets.  From most other studies of fertility

determinants in primarily agricultural populations at Thailand's income level, family income

from land, other assets, and husband's earnings are generally associated with higher fertility

(Schultz, 1973; Mueller and Short, 1983).

Farmers incomes in some regions of Thailand are volatile, depending critically on

unpredictable rain-fed crops.  Transitory variations in household income are, therefore, a

relatively large share of total income variation in Thai agriculture.  This may also be true of

other types of self-employed activity in Thailand.  In approaching fertility as a household

demand commodity I expect to find a responsiveness of fertility to variation in household

permanent or lifetime expected income, but I do not have either the panel data or the guidance

from theory on how fertility is likely to respond to transitory income variation.   Using the

1981 SES, Paxson (1992) found that annual deviations in weather from historical averages

explain savings (income-consumption) behavior among Thai rice farmers.  Because of the

relative importance of transitory income among poor self-employed, the household's total

expenditures are specified as my proxy for household permanent income.  

Many questions in this survey were directed to quantifying current, periodic, and
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durable expenditures, the imputed valued of household-produced consumption, income in

kind, and the rental value of owner-occupied housing.  This exhaustive enumeration of

expenditures and auto-consumption is likely to be more complete in measuring consumption

than are the handful of questions devoted to reporting wage and nonwage income of family

members.  This proxy of household permanent income is a combination of the labor

productivity of men and women in the household as well as asset income.  This income is

divided by the number of working age adults (15-65) but not by children to avoid

contamination with the fertility decision.   If the mother's education is also controlled in the4

fertility relationship, this household income variable should capture primarily the effect of

male earnings and nonearned income that are more likely to be pronatal sources of family

income, while the mother's education proxies for the woman's wage opportunities.

Nonetheless, this consumption-based measure of permanent household income is not 

exogenous to the fertility decision.  As noted above, it contains the woman's market earnings

and thus embodies her market labor supply decision that is determined jointly with fertility

over the life cycle.  This probably imparts a negative bias to the directly estimated (OLS)

effect of household income (or consumption) on fertility.  Second, the arrival of children, both

planned and unexpected, may lead to temporary dissavings by parents to finance the

consumption needs associated with young children.  This source of endogeneity of savings

could contribute to a positive bias in the estimate of the income effect based on household

consumption.  Finally, children may contribute to family income before they reach age 15, but

they are included in the denominator of the family consumption per adult variable only after

they are 15.  This feedback effect of fertility should be negligible in the current context



8

because the analysis deals primarily with births in the last five years, and this measure of

recent fertility is not correlated with the number of own children 10 to 14 in the mother's

household.   To avoid these several sources of simultaneous equation bias and bias due to5

random errors in measurement of permanent income, the household consumption effect is

estimated by instrumental variables.  Family owned land, unearned income, husband's age and

education are all used as identifying instrumental variables to estimate the anticipated positive

effect of husband's permanent earnings and family assets on fertility.

Economic theory provides little guidance on how the husband's permanent income is

functionally related to fertility.  With development, fertility declines and consumption

increases, suggesting that any positive fertility effect of rising incomes is eventually more

than counterbalanced by increases in the opportunity costs of children, although increase in

women's wages may be responsible for some of this decline in fertility.  A nonlinear effect of

income is, therefore, not entirely unexpected, and indeed some studies have emphasized this

finding (Encarnacion, 1974).  Others have observed that the positive income-fertility

relationship expected from demand theory is evident only in rural areas of low-income

countries (Lee and Bulatao, 1983).  These empirical patterns are frequently assessed,

however, without controlling for women's wages or education levels.  It is not possible to

distinguish, therefore, whether the increasing education and wage levels of women relative to

men that often occur during the process of economic development are responsible for the

nonlinear income association with fertility, or, alternatively, whether the effect on fertility of

male wages and nonearned income is initially positive and changes to negative as income

levels increase.  These possibilities are explored below.
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A quadratic in age is included in the fertility equation to capture the biological

capacity and behavioral tendency to have births in certain periods of the life cycle.  But

because more educated women delay the onset of childbearing, in part to complete their

schooling, an interaction between age and education is also allowed in the subsequent

empirical analysis.

Public family planning expenditures are reported by province in Thiencay Kiranandana

et al. (1984:  Appendix).  Separate figures are given for the National Family Planning

Program under the Ministry of Health and for the public support of the private Family

Planning Associations (primarily Planned Parenthood Association of Thailand in 1975, though

support had been extended to several additional private nonprofit groups by 1980) (Rosenfield

et al. 1982)).  Expenditures are reported, however, for only a few years, including 1975 and

1980.  Since expenditures can only influence fertility with a lag, the 1975 level of

expenditures is expected to impact on 1976 and 1981 fertility more strongly than would 1980

family planning expenditures.  Empirically, the inclusion of the 1980 family planning program

expenditure values, in addition to those reported for 1975, did not statistically improve the fit

of the fertility model, and they are collinear (e.g., r = .5 to .70).  Consequently, only the 1975

levels of program expenditure per woman 15 to 49 are reported below, although they should

be interpreted as the average of the past several years of family planning expenditures in these

programs.  If they were available, family planning inputs for all years from 1970 to 1980

should be analyzed, employing a smoothed distributed lag specification (Schultz, 1988), but

only 1975 and 1980 are currently available.  Other local health and education programs might

also affect the demand for children and be correlated with family planning activity levels. 
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Omission of these interacting health and education programs is likely to bias upward the

reported estimates of how large an effect (negative) the family planning program has

independently exerted on Thai fertility.  Regional expenditure accounts on health and

education in Thailand were not available to pursue this possibility here (Rosenzweig and

Wolpin, 1982).

Finally, a dummy variable is included to indicate whether the woman resides in a

municipal area.  Prices and wage opportunities differ between rural and municipal areas of

Thailand, and they are likely to raise the cost and lower the immediate productive benefits of

a large family to the municipal resident.  The municipal variable is designed to capture the

effect of these unobserved variables on fertility.  Approximately, one-third of the SES sample

of 12,620 women age 15 to 49 live in urban or municipal areas, whereas nearly one-half live

in rural villages.  The remaining sixth reside in "suburban" areas called sanitary districts,

which are often very similar to the urban municipal areas, but have not been so reclassified

(Goldstein and Goldstein, 1978).  The fertility model is subsequently estimated within these

broad strata and 297 local sampling clusters to assess specification errors in the model related

to omitted regional variables that influence fertility and are correlated with the core household

variables:  husband income and women's education.

Because different birth cohorts have experienced very different initial living conditions

when they started their reproductive careers, one might expect their recent fertility to respond

differently to the current provision of birth control services and to their environmental and

economic constraints.  There are, regrettably, no retrospective data on the life cycle conditions

applicable to the couples at a common stage in their life cycle, nor sufficient published data
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on family planning program activity over time by region to describe how long individuals

were exposed to government-subsidized modern birth control information and services.

In sum, the reduced-form demand equation for the recent period rate of fertility of a

woman is assumed to be a function of local family planning service subsidies, the woman's

economic constraints on her demand for children, and the biological constraints (e.g., age) on

her supply of children:

where F is a measure of a woman's recent fertility in 1981 (described below); X  and X1p 2p

represent public expenditure in 1975 on family planning to The Health Ministry and on

private nonprofit family planning organizations, respectively, at the local province level; A  isw

the woman's age; E  is her completed schooling; I  is her household's consumption per adultw w

(proxy for permanent income); and M  is a dummy variable equal to one if she resides in aw

municipal area.

The previous discussion leads to the hypotheses that this fertility function will exhibit

certain sign patterns in its first and second order derivatives:

  

and probably,  
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As suggested in Figure 1, estimates of the fertility function provides information on the

marginal effect of the family planning inputs, dF/dX, evaluated at the sample mean of the

program inputs  , and the other explanatory variables, summarized in the figure by   If

family planning effort is subject to diminish returns to scale as hypothesized, the marginal

effect of public expenditure at the sample mean will be less than the average effect, i.e.,

 and the implied total effect of the program will exceed

the effect estimated by multiplying the marginal product times the average level of program

expenditures.

III. Measurement of Recent Fertility Levels

A limitation of many studies that seek to estimate the effect of family planning policies

in low-income countries is that individual data on fertility are rarely observed in conjunction

with household economic and community program variables.  The World Fertility Survey, for

example, collected, for many countries, comprehensive reproductive histories, but did not

collect even rudimentary household income, wages or expenditure information.  Further, it did

not collect community-level data on policy interventions or public expenditures on relevant

welfare programs that might have influenced fertility.

To obtain these three types of data together in Thailand, priority was assigned to

obtaining good household expenditure and income data.  However, it was not possible to

disaggregate family planning expenditures below the provincial level, and an indirect measure

of recent fertility, derived from the registry of household members identified by their

relationship to the head of household, had to be relied on.
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When vital registration systems are incomplete, as they often are in low-income

countries, age-specific birth rates can be indirectly estimated by calculating the frequency of

surviving own-children per woman of childbearing age in a census or representative

household survey (Cho et al., 1986).  This method of inferring aggregate fertility is then

refined, such as by incorporating child mortality adjustments, to estimate recent period

fertility rates for a country and for regions in a large country or sample.  This paper examines,

at the level of the individual woman, the number of her own coresidential children under the

age of 5, or alternatively her own coresidential children under the age of 10, as a  proxy for

her recent five-year and ten-year fertility rates, respectively.  This measure of  fertility at the

individual is not generally analyzed because fertility histories are available, but fertility

surveys do not devote questions to the core economic variables required here.  Because any

family with its own sources of income is separately enumerated in the 1981 SES, the

relationship of household members to the head is sufficient in virtually all cases to match

women to their offspring.  Nonetheless, two to three percent of the children under 5 years of

age cannot be attributed to a mother, either because household structure information is

inadequate for matching or because the mother does not live with her child (see the Statistical

Appendix).  A few cases also occur of polygamous unions in the same "nuclear family" that

prevent matching a child to her mother.  It is not clear how the unmatched children and

women who are ultimately excluded from this analysis might distort the working sample and

bias estimates derived from it.  Their number is not large, however.6

One independent check on the adequacy of the child-woman fertility variable is to

aggregate it up to the level of a national estimate of the total fertility rate.   This is done by7
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calculating the average (surviving) fertility (children under 5) rate for women in each five-

year age group, 15 to 19, 20 to 24, ..., 45 to 49.  The sum of these rates, multiplied by five, is a

proxy for the total (surviving) fertility rate (TSFR) during the period 1976-1981.  Weighted by

the four sampling strata of the survey (i.e., Bangkok, municipal areas, sanitation districts, and

rural villages), this procedure yields an estimate of 2.89 surviving children per woman over

the reproductive ages, if the implied age-specific birth rates remained unchanged over their

reproductive lifetime.  Age-specific mortality in the 1975-1985 period implies that about 4.7

percent of the children born between 1976 to 1981 would have died before the 1981 SES.  A

total fertility rate (TFR) of 3.03 is thus estimated.  National estimates of TFR from other

sources are 3.67 in 1975, 3.01 in 1980 and 2.ll in 1986 (Ratanarat, 1986; Chayovan et al.,

1988).

Thus, the level of the 1981 SES-based measure of fertility in 1976-81 is not out of line

with national estimates.  Nevertheless, a more relevant comparison is possible at the

provincial level.  An estimate of TSFR can be calculated from the 1981 SES for 62 of

Thailand's 72 provinces (i.e., Changwats).  When this estimate is regressed by ordinary least

squares on an independent province level estimate of TFR in 1980 (Kiranandana et al., 1984),

the estimated factor of proportionality is .9:  

where p = 1, ..., 62 indexes the provinces, and the t ratio is reported in parentheses.  The level

of child mortality of about .05 could account for the slope coefficient being less than one.  In

sum, provincial variation in child mortality and mother-child separation rates are apparently
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moderate enough to encourage an analysis of TSFR as an approximation of the rate of

childbearing in the Thai population from 1976 to 1981.

IV. A Statistical Specification

The number of children a woman can have under a specific age is a nonnegative

integer.  For most Thai women, the number of their children under five is zero.  Specifically,

for all Thai women 15 to 49 the mean of this measure of fertility is .38, whereas for women 20

to 29 it is .60.  A model is specified linking this count of own children to a series of covariates

that are assumed exogenous, or estimated by instrumental variables if endogenous, and

thought to influence this reproductive outcome.  Because the dependent variable measuring

fertility takes this categorical form, ordinary least square (OLS) estimates of the relationship

may not be efficient or unbiased.  A Tobit model would accommodate explicitly the truncated

(below zero) form of the dependent variable but would not incorporate the discrete positive

integer distribution of outcomes.  The Poisson model is an alternative framework frequently

used to describe events that occur randomly and independently in time (Maddala, 1983).  It is

a plausible characterization for the discreteness of counts of events observed over a fixed

period of time, e.g., the last five years (e.g., Ainsworth, 1988).

The likelihood that the  woman will have  own-children under age five living in

her household in time period t is assumed to be described by a Poisson process:

(1)

The influence of a vector of exogenous individual resources and traits, as well as local public

and private family planning program services,  , on the rate of own children is assumed to
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take the form:

(2)

with  a vector of parameters (Maddala, 1983).  The Poisson specification implies the

restriction that the mean (E) and variance (V) of  are equal:

 (3)

The maximum likelihood method is used to obtain estimates of .   Therefore, the corrected8

robust standard errors are reported below.

There are three limitations to the Poisson analysis of fertility, of which the first two 

apply also to other approaches as well.  Births do not occur independently over time; a

conception-gestation period of about nine months elapses between births.  The Poisson model

neglects this feature of reproductive biology, as do, implicitly, linear (OLS) regressions or

some other dynamic representation (i.e., Vector Auto Regression) of reproduction (Hotz and

Miller, 1988).  This neglect of the gestation requirement of the birth process should be a less

serious limitation for the study of a low-fertility population, which Thailand has become in the

last two decades, than it would be for an analysis of a high-fertility population.

The second problem is measurement error associated with the dependent variable. 

Own children who were born in the last five years but died or reside in another household are

not counted in the analysis.  The own-child measure would seem an adequate proxy for recent

period fertility in populations such as Thailand where infant and child mortality rates are low

and virtually all children live with their mothers.

The third limitation, specifically of the Poisson model, is the statistical restriction that

the expected value of the child count is equal to the variance of the process across women. 
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Some applications to the frequency of accidents or medical conditions have noted that the

empirical variance may exceed the expected value.  Although this "over dispersion" problem

can be reduced by conditioning on covariates, a corrective strategy is appropriate because over

dispersion can lead to inconsistency in the standard errors of the maximum likelihood

estimates of the Poisson model.  In the case at hand, the count of Thai children under five in

1981 and the magnitudes of the sample variance are similar to the means.  For women age 15

to 49, for example,  (for other age groupings see Table A-2),

whereas the residual (unexplained) variance in the model is six percent smaller than the mean,

or .354.  One interpretation might be that this restriction of the Poisson model is consistent

with the data and "over dispersion" is not a serious problem in this study.  Nonetheless, a

consistent estimation approach is adopted that is robust to this form of over dispersion.

V. Empirical Findings

Table 1 reports, for comparison, both the OLS linear regressions and the maximum

likelihood estimates of the Poisson model for children under age five, for all women age 15 to

49 in Thailand in the 1981 SES.   Two empirical specifications are shown, the first allowing9

for the hypothesized nonconstant returns to scale in family planning, the substitution between

public and private program activities, and quadratic effects of women's education and

education interacted with age.  These added variables are jointly statistically significant. 

Twice the difference in the log likelihoods for the Poisson model, which is distributed as 

has the value 122, given the assumed density of  suggesting the nonzero effects of these

additional variables on fertility.  The Poisson parameters can be interpreted as proportional
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effects on fertility, i.e., the proportional change in fertility associated with a unit change in the

explanatory variable.  They can thus be compared to the OLS coefficients at the mean of the

sample by dividing the OLS coefficient by the mean level of fertility, i.e., .375.  Column 5

reports the means and standard deviations of the dependent and explanatory variables.

Age affects fertility nonlinearly over this range of ages.  According to estimates in col.

(1), a maximum fertility rate in the preceding five years occurs for women with no education

at age 28, and later for more educated women.  If the woman's education is one year higher

than average, her fertility rate at the sample means is 6.5 percent lower (or 8.5 percent lower

in the noninteractive specification (col. (2)).  Thus a standard deviation increase in education

(3.4 years) is associated with a 22 percent decline in fertility.  At higher levels of education,

the proportional effect on fertility per year completed becomes larger.  A standard deviation

increase (27 percent) in predicted household expenditures per adult increases fertility by 11

percent.  There was no evidence that the quadratic or cubic specifications of the income effect

on fertility fit the data better than the single parameter log income specification reported here. 

These data, therefore, do not confirm that at higher income levels, proportionate increases in

permanent income exert diminishing effects on fertility.

The two family planning coefficients in col. (2) are jointly statistically significant (the

 with two degrees of freedom), and both also are individually significant.  A baht

(the local currency equivalent to US¢5) spent in 1975 in the clinic-based public family

planning program for every childbearing aged woman in a province is associated, on average,

with a 2.30 percent reduction in fertility.  The same outlay is associated with a 14.2 percent

reduction in fertility if it were allocated to the smaller nonprofit family planning program. 
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Other benefits may, of course, accrue from expenditures on these programs that are not

measured here, and these associations undoubtedly include also the effect of program

expenditures in neighboring years.

The quadratic approximation specification in col. (1) confirms the further hypotheses

that the public and private family planning programs are substitutes for one another, (i.e.,

positive interaction effects) and that expenditures on the larger public program are subject to

diminishing returns to scale.  This pattern of diminishing proportionate returns to scale is not

statistically significant at the lower levels of expenditure on the nonprofit program in 1975

(.62 versus 9.28 bahts per woman in the private and public programs, respectively).  The

relationship between family planning expenditures in 1975 and fertility in 1976-81 is

simulated in Figure 2, using the preferred estimates of the interactive Poisson model

specification col. (1) in Table 1.  The slope of these fertility functions, evaluated at sample

means, represents the marginal productivity of a baht spent per woman of childbearing age in

a province on either the public or private program.  The marginal product in the public

program (of increasing expenditures from 9 to 10 bahts) is to reduce the fertility level by 2.4

percent compared to that in the private program (of an increase from .6 to 1.6 baht) which

would reduce fertility by 8.9 percent.  Thus, the payoff to allocating government resources

appears to be almost four times as large as the current margin in the private nonprofit versus

the public sector.  This is because expansion of the public program has already diminished

returns, whereas the small subsidy to private nonprofit programs has not yet expanded

sufficiently to reduce the returns, though the data suggest this will occur with further program

expansion in the late 1970's and 1980's.
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The difference between the predicted level of fertility conditional on zero program

expenditures and the observed mean level of fertility is one way to approximate the total

effect of the 1975 program on Thai fertility in 1976-81.  According to the interactive Poisson

(1) specification of the program-production relationship, the public program is responsible for

fertility being .25 rather than .40 (intercept in Figure 2); the health ministry's activities thus

account for a decline in Thai fertility of 37 percent.  The private program accounts for an

additional 7 percent decline.  According to such a simulation, the absence of both programs

would have increased Thai fertility 44 percent above that level actually observed in the 1981

survey.

It should be emphasized, however, that these estimates of the total effect of the

program are subject to much greater uncertainty than are the comparisons of the marginal

product of the various program expenditures.  This is because the slope of the fertility function

at the sample means is relatively precisely estimated, and should be a locally unbiased

second-order approximation of the marginal effect of program activity (Fuss and McFadden,

1978).  The zero program counterfactual case is, however, an extrapolation of the model

outside of the range of sample observations.  It is consequently sensitive to choice of

functional form (i.e., Poisson and linear), and this choice is relatively arbitrary because it is

not based on any economic theory or technical knowledge of the operation of family planning

programs in general or the particular program in Thailand.  Nonetheless, the rough empirical

magnitudes suggest that the public family planning program has played a major role in

facilitating the 50 percent decline of fertility in Thailand up to 1981.

A more conservative approach to estimating the program's total effect on fertility is to
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attribute the marginal product of the factors (i.e., expenditures on the programs) to

inframarginal outlays.  This procedure is used where other variable or fixed factors behave as

inputs in a production process, and returns to all factors are distributed competitively.  In this

approach the public family planning program is responsible for a reduction in fertility of 22

percent (i.e., .024* 9.28 Baht/woman), and the private non-profit program subsidy for a 5.5

percent reduction (i.e., .089* .62).  The total fertility decline attributable to the two programs,

according to this calculation, is still substantial, or more than half of the nationally recorded

decline.

Because of the positive effect on fertility of the interaction of private and public

program expenditures, inputs to the private program are enhanced by a factor of three if they

are concentrated in those areas that receive only half the national average level of public

family planning outlays.  Conversely, the public family planning program's effectiveness is

increased 30 percent when it is concentrated on the areas where the private program is at half

its average national strength.  The same general patterns and magnitudes can be derived from

the linear OLS regressions in column (2) of Table 1, but simulations in Figure 3 illustrate the

sensitivity of estimates of total program impact to this change in functional form.

Table 2 repeats the estimations for fertility measured over the longer time horizon,

using the number of surviving coresidential own children under ten years of age.  Mortality

and separation of child from mother is a more serious problem in this case, but one is also

closer to a completed span of fertility for many women.  Almost twice as much of the

variance in this dependent variable is explained by the linear regression model as in that

reported in Table 1.  The estimated proportionate response of fertility to the covariates in the
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OLS specification are approximately the same as implied by the Poisson model, with the

exception of interaction and quadratic variables.  One change may be noted with variation in

the time horizon; the effect of municipal residence in reducing fertility is more important over

the ten-year horizon than over the last five years, confirming that rural-urban fertility

differences were closing during the decade before 1981 (Knodel et al., 1987).

Many of the nonlinear terms are less precisely measured in the disaggregated age

groups as would be expected, particular those in groups for which the variability is not

restricted.  Consequently, the simpler specification of the Poisson model without interactions

is reported in Table 3.  The fertility differentials by education are larger for the 20-29 and 40-

49 age cohorts than for the 30-39 cohort, whereas the differences in fertility by income are not

statistically significant in the oldest age group.  The family planning program appears to have

the same pattern of effects on the fertility of women at all ages, but they cease to be

statistically significant among women age 40-49.

Interactions between the characteristics of the individual and provincial family

planning expenditures in the fertility model are reported in Table 4.  The woman's education

and local expenditures on private family planning appear to be substitutes in lowering fertility

(col. 1).  Education of women may reduce the information costs of understanding and

adopting new birth control technologies.  Public sector programs, however, do not

disproportionately benefit less-educated women; they appear to reduce the fertility of better

educated women more than they do the fertility of the less educated women.  This pattern is

unanticipated unless the public sector activities and expenditures are oriented to serve the

better-educated, urban middle class with their increasing demand in this period for relatively-
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costly surgical sterilization procedures.  The permanent income (i.e., household consumption)

interactions are jointly statistically significant at a  p < .005 level in cols. 2 and 3.  In this case

the lower-income household gains more than the richer in terms of the number of births

averted by a given program expenditure.  The distribution of the fertility-averting benefits of

the family planning program are more clearly concentrated among the poor in the case of the

private nonprofit program than in the government-run program.

Statistically the private program has a significantly larger negative effect on fertility in

rural (nonmunicipal) areas than in the urban (municipal) areas, as seen from col. 4 of Table 4. 

The Northeast region of Thailand is the poorest; it had experienced the smallest relative

decline in fertility by 1981.  Among women living in the Northeast, the public sector appears

to have exerted a particularly strong effect in lowering fertility (col. 5) or an extra 3 percent

decline in fertility per baht per woman.  The impact of private sector activity in this region is

less notable than elsewhere in Thailand.

Both private and public family planning programs are thus associated with lower

fertility, and these behavioral changes are generally concentrated among the more

disadvantaged classes of Thailand, measured by household income, rural residence, or

residence in the impoverished Northeast region of Thailand.  Though statistically weak, these

program interactions suggest a given budget for private non-profit family planning

expenditures would have been more effective if it had been more concentrated in the

provinces that have heretofore received the lowest levels of expenditure per woman of

childbearing age.  Moreover, somewhat more public resources at the margin could be

productively used after 1975 in the private nonprofit organizations, rather than in the 
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expansion of the programs of the Public Health Ministry.  In practice, such a reallocation

might be accomplished if fees are used to finance a share of the costs of the Health Ministry's 

urban program in the richer regions of Thailand.  Because the program related fertility

reduction of women is greater among those living in low-income (or consumption)

households, price-discrimination in favor of these poorer households could increase the

fertility reducing effect of a given level of government program expenditures.   To avoid the10

administrative cost of collecting user-fees on the basis of difficult to monitor household

consumption levels, regional prices might be varied.

To explore this possibility further, Table 5 reports the children 0-4 linear regressions

separately for the urban, sanitary district (suburban), and rural populations.  Comparisons of

effects confirm that the impact of women's education, permanent income, or family planning

is not limited in one strata of the society.  Indeed, the empirical literature on fertility would

have led to the expectation that the positive permanent income effect on fertility would have

diminished among higher-income urban populations, but the estimated income elasticity is 

twice as large in municipal as in rural or suburban Thai populations.  But private 

nonprofit family planning outlays are particularly effective outside of the municipal areas

where the commercial market for contraceptives may be less well established.

Community's education and health programs and unobserved community constraints

relevant to fertility may be correlated with the observed individual couple's characteristics,

such as household consumption, mother's education, and age.  Consequently, the effects of

these individual structural variables are reestimated in col. 4 of Table 5 within communities

defined as the 279 sampling clusters in the survey.  These estimates, as with the urban,
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suburban, and rural strata, are similar to the overall estimates based also on the between

cluster variation in fertility (Table 1, col. 4).  The F test of the statistical improvement gained

by including these 279 regional fixed-effects is, however, not statistically significant, nor are

the community effects correlated with the individual covariates in the fertility model.  Of

course, it is not possible to assess whether the family planning program effects are biased by

such omitted community effects, because family planning expenditures do not vary within the

community clusters.

Prior studies of Thai fertility help assess these results.  Kiranandana et al. (1984)

estimated the determinants of total fertility rates in 1980 across provinces, including public

private family planning expenditures, and GNP per capita in 1975.  Although they found that

private nonprofit family planning expenditures from the public sector were more strongly

related to fertility than public outlays channeled through the larger public health ministry's

budget.  However, they constructed a single measure of "economic development" in the region

that was not related to fertility.  They concluded that economic changes were not responsible

for much of Thailand's fertility decline.  Many fertility studies also find weak relationships

between fertility and total family income or a development index.  But women's labor supply

is determined simultaneously with fertility and is included in total family income and

measured GNP per capita.  Different sources of family income—those derived from the value

of men's time and the value of women's time and non-human capital wealth and natural

resources—embody different price and income effects on fertility.  These different sources of

income exert different effects on fertility in many empirical studies (Schultz, 1997).  Treating

family income as endogenous, and instrumenting it with exogenous characteristics of male
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earnings and non earned income helped in this study to estimate the underlying, more stable

parameters associated with a woman's value of time proxied by her education, and with male

productivity and family nonearned income, including land ownership as proxied by family

consumption per adult.

Another study of the allocation of family planning resources in Thailand found an 

effect of program staff assignments on contraceptive use within the public program (ESCAP,

1986).  However, contraceptive usage in a family planning program is not a satisfactory

indicator of program impact, because substitution of contraceptive demand may occur from

private market suppliers to the subsidized public sector, overstating  the program's effect on

new users and hence its net effect on fertility (Schultz, 1988).  Nor is it reasonable to specify

"contraceptive" use as an exogenous determinant of fertility in a block recursive multiple

regression system, as proposed in the ESCAP study.  To evaluate properly how contraceptive

use affects fertility, the practice of contraception must itself be explained or endogenized. 

Moreover, multicollinearity among aggregate explanatory variables at the provincial level, as

analyzed in both of these studies, may make it difficult to estimate suitable models of fertility

from only provincial aggregates.  If the micro relationships are nonlinear and interactive, as

suggested here, the provincial aggregate observations on explanatory variables are not suitable

population "averages" for the province, but instead more complex weighted functions of other

moments are needed.  The individual level survey data is expected to yield more flexible

nonlinear relationships and test more detailed hypotheses regarding who benefits from public

sector expenditures on family planning.  The personal distribution of public program benefits

is almost as important as the total magnitude of program effects on fertility in justifying 
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public sector involvement in population programs.

VI. Conclusions

Survey information on the income, education, and fertility of couples, in conjunction

with data on local expenditures on two forms of family planning activities were examined for

Thailand, a country in which total fertility rates declined by nearly one-half in the two decades

before the 1981 survey.  For a country in which only 15 percent of the population lived in

municipal areas and per capita income was US $380 in 1976, this demographic transition is

notable.   The impact of two family planning program strategies was assessed to determine11

how this type of public service affected the fertility of different segments in Thai society.

A Poisson model of the number of surviving coresidential own-children per woman

was fit to these data by robust maximum likelihood methods.  These estimates do not

qualitatively differ from linear ordinary least squares estimates, but they offer a somewhat

more plausible and precise representation of the discrete nature of recent fertility rates for

individual women.  For evaluating family program effects at the individual level, the own-

children measure of women's recent fertility is an empirical compromise imposed by the

limitations of data, for it represents a hybrid measure of "surviving" fertility that has no exact

counterpart in lifetime behavioral or biological models.  But for policy evaluation to proceed

in a timely fashion, it is generally not practical to wait until lifetime cumulative fertility of

cohorts can be linked to past program expenditures.

The estimates of the Poisson model for surviving fertility rates of women in Thailand

describe household economic and locational variables that are significantly associated with

fertility.  Education differentials are still large, though, as noted in a later survey, closing



28

(Chamratrithirong et al., 1987).  Household income appears to relax the economic constraint

on having more children.   Although incomes are rising rapidly in Thailand, other factors12

making children more costly or less valued have offset these gains in income.  The increasing

education of women is one development that has strongly countered the effect of increasing

male and nonearned incomes on fertility.

A major factor in facilitating fertility decline has been the Thai government's family

planning programs.  One program is under the Public Health Ministry, employing physicians

and nurses in public health clinics and hospitals.  It is a costly program, but has had a major

impact on fertility, particularly for those living in municipal areas where most of these

facilities are located, and particularly through the provision of sterilization which had become,

by the 1980's, the most frequently used contraceptive method.

The private nonprofit family planning associations are subsidized by the government,

but these subsidies in 1975 were only a small fraction of the public resources that were

allocated to family planning programs operated directly by the Health Ministry.  Nonetheless,

governmental subsidies to the private nonprofit program have had a particularly large relative

effect on fertility rates in those provinces where the public health program is small.  These

patterns of program effectiveness and substitution are interpreted with the aid of a simple

economic model.  They have interesting implications for the design and management of

family planning programs in low-income countries such as Thailand, where private market

distribution channels for some major forms of contraception, such as the pill, condom, and

injectable, have developed rapidly in the wake of the demographic transition, and private

nonprofit family planning associations have provided innovative leadership in serving specific
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segments of the Thai population.
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Statistical Appendix

The 1981 SocioEconomic Survey sampled 30 amphoes (districts) in each of the four

regions of Thailand outside of Bangkok, and 30 districts in Bangkok.  Four strata were

distinguished for district sampling rates:  the central special region (1/300), the municipal

areas (1/250), the sanitary districts (here called suburban) (1/500), and the rural remainder

(1/100).  Each household was interviewed and reinterviewed when substantial discrepancies

between recorded income and expenditures were uncovered.  The National Statistical Office

(NSO) planned and implemented the survey, processed and coded the data for the publicly

released file.

A distinct feature of the 1981 SES is that it treated the sub-household with its own

income as separate insofar as enumeration, whereas in the past, (i.e., 1975 SES and 1970 SES)

multigenerational households in which each generation has some independent income were

combined.  More small households are therefore evident in the 1981 SES than in the 1980

Census.  Unless the broader household unit is pooling resources, the nuclear family focus

should be helpful in isolating the economic resources and expenditures that are most

immediately relevant to the couples' reproductive decisions.  Given the limitations of survey

codes for the relationship of each individual to the head of household, the redefinition of the

household to be the nuclear (not intergenerational) family is helpful in matching up spouses

and allocating children to their mothers.

Out of 19,676 men and women in the sample over age 15 reporting the core

demographic questions, 325 individuals could not be confidently matched either to children

who might possibly have been their own children or to a spouse in the household.  Six
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particular linkage problems are distinguishable.  Ninety-two men were married but linked to

the head as only "other relative" and thus not a spouse, child or child-in-law.  One hundred

sixty-five married women fell into this category as well.  Ten men were heads of their

households but had more than one spouse in the household, making it impossible to allocate

children of the head to their biological mothers.  These apparently polygamous unions are not

uncommon in the southern Muslim region of Thailand, but they appear to normally reside in

separate households, and presumably present fewer matching problems for my analysis.  

Twenty-two men were children of heads, but there were more than one female child-in-law of

the head in the household to whom the men might have been married.  Conversely, 36 female

children of the head have multiple possible spouses related to the head as "children-in-law." 

The small attrition rate from the sample of 1.65 percent is probably due to the emphasis given

in the 1981 SES to define the interview unit as the nuclear, self-supporting household and not

the traditional, extended, coresidential household (Chiswick, 1987).  Table A-1 provides a

breakdown of the individuals from the working sample of the 1981 SES by sex and whether

their spouse was enumerated in the household.  Table A-1 also shows that three-tenths of the

women reported a wage or salary and hours worked, whereas almost one-half of the men

reported these data.  These data were required to compute an hourly wage rate, and infer how

schooling is related to hourly wages, after correcting for sample selection bias (Schultz, 1993). 
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1. The complexity of dynamics and life cycle context in which fertility occurs suggests
the desirability of measuring how public family planning helps couples have the children they
want, when they want them, over their lifetime.  In this paper, the more limited question of
how period fertility rates are affected by the program is examined (Schultz, 1988).  There is
also a large literature that discusses the problems of evaluating program effects on human
behavior and achievements, such as the literature on job training programs in the U.S.  These
statistical and conceptual problems are presented by Heckman and Hotz (1987).

2. These simple wage comparisons suggest an average private rate of return to education
in Thailand for both men and women of between 25 and 27 percent using a Mincerian (1974)
wage function  specification.  These calculations, however, do not take account of the possibly
unrepresentative character of wage earners.  The estimates are then corrected for this potential
sample selection bias, identifying the probit selection rule by the inclusion of irrigated and
unirrigated land owned by the household and nonearned income of the household and four
regional dummies:  Bangkok, municipality, suburban (sanitary district), and northeast region. 
Other identifying restrictions were used including, in the wage selection equation, the self-
employment status of the spouse and whether a spouse is present in the household, with little
change in the estimates.  The four regional dummy variables are also included in the wage
function itself, thus eliminating the returns to education that are associated with migration
from rural to urban higher wage areas (Schultz, 1993).

3. See later discussion of the 1981 SES new concept of the nuclear family.  See
Chiswick, 1987.

4. The expenditure data include imputations for the value of owner occupied housing,
payment of wages in kind, and home produced and consumed food and produce.  See C.
Paxson (1988) for a study of savings rates derived from this survey.

5. The zero order correlation of the count of own coresidential children age 0 to 4 and the
count of such children 10 to 14 is -.03 in the full sample examined here of women aged 15 to
49.

6. See Statistical Appendix text and, specifically, Table A-1.

7. Others have developed regional estimate of fertility by analogous methods in Korea,
China, and Thailand.  See, for example, the work of Arnold et at.,  1985, based on the 1980
Census of Thailand.

8. A fixed-effect Poisson model is a method used to eliminate the possible correlation
between omitted, but time invariant, variables that will tend to be correlated with the observed 
X  .  In this case, it is essential that one observe the c  and x  over t time periods when the it i i it

will have a region-specific fixed effect representing the omitted variables.  In the case at hand,
child health programs may vary interregionally along with family planning, but be fixed

Notes
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within a region over time (see, for example, Hausman et al., 1984 and Portney and Mullahy,
1986). 

9. Serial correlation over time in the unexplained error or propensity of some couples to
have birth might occur, particularly in a high fertility population, where individual variation in
fecundity would exhibit itself in the unregulated pace of conceptions across couples.  This
could possibly be dealt with by using a fixed-effect model (Hausman et al., 1982; Hausman et
al., 1984; Portney and Mullahy, 1986), and breaking down the count of children into a series
of age-of-children intervals for each woman, i.e., age 1-3, 4-6, 7-9, 10-12, etc. and thereby
identifying the common component across intervals for a couple as their fixed effect.  Of
course, the actual frequency of births will reflect the combined influence of both the serially
correlated biological supply capacity (biological heterogeneity or fecundity) and the
behavioral demand regulated response (Rosenzweig and Schultz, 1985).  Separating these two
sources of reproductive outcomes would require information on the history of contraceptive
behavior for each couple, a full fertility history, and a time series on local family planning
activity, none of which is available to the author for Thailand.

10. Taiwan illustrates a country with an early active family planning program starting in
the 1960s which has recently retrenched its subsidies (Schultz, 1988).  For example, starting
in 1990 sterilization operations were subsidized only for low-income families and those with
special health problems.  A new family planning program directive in 1995 restricted the
subsidy for the insertion of IUDs, the most popular method after sterilization, to one among
seven varieties and for only indigent women and special health groups.  As a consequence,
public program IUD insertions decreased 81 percent from 103,367 in FY 1994 to 19,626 in
FY 1995.  The crude birth rate incidentally increased 1.2 percent in calendar 1995 over 1994
from 15.3 to 15.5 per thousand persons (Taiwan Provincial Institute of Family Planning, 1996;
Taiwan Ministry of Interior, 1996).

11. The likelihood function is

and the derivatives with respect to  are 

12. To my knowledge, only China in the 1970s reduced its birth rate more rapidly at this
low an income level.  China, however, accomplished its rapid demographic transition by using
social pressures that may be viewed as coercive, whereas Thailand has preserved individual
reproductive choice and subsidized the provision of voluntary services.
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Economic Growth Center, Yale University, New Haven, CT.  Processed.

Arnold, F., C. Pejaranonda, and M.K. Choe. 1985.  Provincial Level of Fertility Estimates for
Thailand 1965-1979:  An Application of Own Children Method:  1980 Population and
Housing Census.  Subject Report No. 4, National Statistical Office, Office of Prime
Minister, Bangkok.

Chamratrithirong, A., P. Kamnuansilpa, and J. Knodel. 1987.  "Contraceptive Practice and
Fertility in Thailand."  Studies in Family Planning 17(6):277-287.

Chavoyan, N., P. Kamnuansilpa, and J. Knodel. 1988.  Thailand Demographic Health Survey,
Institute of Population Studies, Chulalongkorn University, Bangkok and Institute for
Resource Development/Westinghouse, Columbia, MD.

Chiswick, C.U. 1987.  "Statistical Data for Thailand:  Surveys of Households and
Individuals."  Working Paper No. 12.  Human Resources Institute, Thammasat
University, Bangkok.

Cho, L-J, R.D. Retherford, and M.K. Choe. 1986.  The Own-Children Method of Fertility
Estimation.  Honolulu, HI:  University of Hawaii Press.

ESCAP. 1986.  "Multivariate Area Analysis of the Efficiency of Family Planning Programme
and Its Impact on Fertility in Thailand."  Asian Population Studies Series No. 68 
Bangkok:  United Nations.

Fuss, M., and D. McFadden. 1978.  Production Economics:  A Dual Approach to Theory and
Applications.  Amsterdam:  North-Holland Pub. Co. (Two volumes).

Gertler, P.J., and J. W. Molyneaux. 1994.  "How Economic Development and Family
Planning Programs Combined to Reduce Indonesian Fertility."  Demography 31(1):33-
63.

Goldstein, S., and Goldstein, A. 1978.  "Thailand's Urban Population Reconsidered." 
Demography 15(3):239-258.

Gourieroux, C., A. Montfort, and A. Trognon. 1984.  "Pseudo Maximum Likelihood Methods: 
Applications to Poisson Models."  Econometrica 52:701-720.

Hausman, J.A., B. Hall, and Z. Griliches. 1984.  "Econometric Methods for Count Data with
an Application to the Patents R&D Relationship."  Econometrica 52:909-938.



35

Hausman, J.A., B. Ostro, and D. Wise. 1984.  "Air Pollution and Lost Work."  NBER
Working Paper No. 1263.  Cambridge, MA.

Heckman, J.J., and J. Hotz. 1987.  "On the Use of Nonexperimental Methods for Estimating
the Impact of Manpower Training Programs."  University of Chicago.  Processed.

Hogan, D.P., A. Chamratrithirong, and P. Xenos. 1987.  "Cultural and Economic Factors in
the Fertility of Thai Women."  East-West Population Institute Paper No. 197,
Honolulu.

Hotz, J., and R. Miller. 1988.  "An Empirical Analysis of Life Cycle Fertility and Female
Labor Supply."  Econometrica 56(1):91-118.

Kiranandana, T., 1984.  Planning for Family Planning Programs and Social Services in
Thailand.  Report for USAID and Health Ministry, Chulalongkorn University.

Knodel, J., A. Chamratrithirong, and N. Debavalya. 1987.  Thailand's Reproductive
Revolution.  Madison, WI:  University of Wisconsin Press.

Maddala, G.A. 1983.  Limited-Dependent and Qualitative Variables in Econometrics. 
Cambridge:  Cambridge University Press.

Mincer, J. 1974.  Schooling, Experience, and Earnings.  New York:  Columbia University
Press.

Mueller, E., and K. Short. 1983.  "Effects of Income and Wealth on the Demand for
Children."  In Determinants of Fertility in Developing Countries, eds. R.A. Bulatao
and R.D. Lee.  New York:  Academic Press.

Mullahy, J. 1986.  "Specification and Testing of Some Modified Count Data Models." 
Journal of Econometrics 33:341-365.

National Statistical Office. Undated.  Report SocioEconomic Survey 1981, Whole Kingdom. 
Office of the Prime Minister.  Bangkok.

Paxson, C. 1992.  "Using Weather Variability to Estimate the Response of Savings to
Transitory Income in Thailand."  American Economic Review 82(1):15-33.

Portney, P.R., and J. Mullahy. 1986.  "Urban Air Quality and Acute Respiratory Illness." 
Journal of Urban Economics 20:21-38.



36

Ratanarat, K.T. 1986.  Population Policy Background Paper for the Sixth National Economic
and Social Development Plan, Bangkok:  Thailand Development Research Institute,
January.

Rosenfield, A.G., A. Bennett, S. Varakamin, and D. Lauro. 1982.  "Thailand's Family
Planning Program."  International Family Planning Perspectives 8(2):43-51.

Rosenzweig, M.R., and T.P. Schultz. 1985.  "The Demand and Supply of Births."  American
Economic Review 75(5):992-1015.

         . 1989.  "Schooling Information and Nonmarket Productivity:  Contraceptive Use and Its
Effectiveness."  International Economic Review 30(2):457-477.

Rosenzweig, M., and K.I. Wolpin. 1982.  "Governmental Interventions and Household
Behavior in a Development Country."  Journal of Development Economics 10(2):209-
226.

Schultz, T.P. 1973.  "A Preliminary Survey of Economic Analyses of Fertility."  American
Economic Review 63(2):71-78.

         . 1988.  "Population Programs:  Measuring Their Impact on Fertility and the Personal
Distribution of Their Effects."  Journal of Policy Modeling 10(1):113-149.

         . 1993.  "Investments in the Schooling and Health of Women and Men:  Quantities and
Return."  Journal of Human Resources 28(4):694-734.

         . 1997.  "The Demand for Children in Low-Income Countries."  In Handbook of
Population and Family Economics, eds. M.R. Rosenzweig and O. Stark.  Amsterdam: 
North-Holland Pub. Co. 

Stolnitz, G.J. 1987.  "Population Policies and Development."  Populi (UNFPA, New York)
14(2):4-13.

Taiwan Ministry of Interior. 1996.  Taiwan-Fukien Demography Quarterly 21(4), Taipei,
Taiwan.

Taiwan Provincial Institute of Family Planning. 1996.  Annual Report:  July 1994-June 1995,
Taichung, Taiwan.


