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Abstract

The maotivation for this thesis is the investigatminthe socioeconomic determinants
of health in Taiwan. When considering the variagi@m socioeconomic status, income is an
indicator much discussed in the literature becatise a complex issue and yet easily
measured. Many different economists investigaterre issue from the perspective of their
own particular expertise. For health economists,itfiuence of income on health outcome is
primary. Therefore, many health income hypotheseg tbeen advanced and the debate is

ongoing.

Among these hypotheses, the absolute income hygeththe relative income
hypothesis, and the income inequality hypothesisdiscussed primarily. The argument of
these hypotheses is straightforward. The debatékest different hypotheses are based on
two main dimensions, economic development and ddte.advocates of the absolute income
hypothesis claim that absolute income affects hesignificantly. The advocates of the
relative income hypothesis or the income inequdtijypothesis, however, argue that the
absolute income hypothesis holds principally befarsociety moves to an affluent stage.
After economic transition, the relative income rmcdme inequality hypothesis becomes more

influential.

Wilkinson and Pickett (2006) summarize the condnsiof 169 papers relevant
to the relative income hypothesis and income inigudnypothesis and find a
phenomenon that the studies using large area datmare likely supportive than those
using small area data. They argue that income aliégun large area is a good measure
of the scale of social stratification or the degoésocial hierarchy rather than in a small
area. Another argument to explain this phenomermoraggregate bias proposed by

Gravelle et al. (2002).



The thesis tries to find the answers for the folfmyvquestions. What income
hypotheses hold for Taiwanese society? Do thesethgpes coexist or are they mutually
exclusive? Is aggregate bias a negligible issueaimwan when aggregate data are used to

infer individuals’ health income relationship?

Chapter 3 combines aggregate data and individdalatal creates a panel dataset
to examine the absolute income hypothesis andrtbenie inequality hypothesis. The
motivation is to avoid aggregate bias. Chapter $leys nonparametric estimations to
describe the relationship between health outcorddramome and compares the results of
parametric estimations and of nonparametric esibmst Chapter 5 utilizes the quasi-

experimental methods to identify the absolute ine@ffiect on health outcome.

The nonlinear relationship between a) self-asseksatth, b) depression, c) life
satisfaction and income is found in chapter 4. Tinding implies that in the Taiwanese
studies the aggregate bias needs to be considéred aggregate data are used to infer
individual health income relationship and it is sistent with the motivation of the
proposed approach of combining aggregate data radididual data in Chapter 3. The
difference between parametric estimations and manpetric estimations is not only
shown in the figures but the model specificatiast tdso shows that the parametric linear,
guadratic, and cubic forms in terms of income angisspecification in the estimations of

depression and life satisfaction.

The absolute income hypothesis and the income alidguhypothesis are
supportive in this thesis when long-run income #&mbg-run Gini coefficient are the
regressors under the assumption of health socaliegmt. This finding shows that health

income hypotheses are not contradictory. Chaptds® provides evidence to support that



long-term income has a significant effect on mehighlth. Thus, the absolute income

hypothesis is also supported after taking causaityconsideration.
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Chapter 1. Introduction

1.1 Introduction

Health constitutes a cornerstone of economic groand as such it has an
enormous impact on labour productivity and on tteuenulation of human resources. For
instance, healthy individuals would probably reeemore education and achieve higher
productivity than sick individuals. Health is atoena broad and complex issue. Social
scientists investigate health from multiple angfes,example, health promotion, public
health, sociology, and psychology. Economists mterésted in all factors affecting health
and use theoretical models and econometric metiooaisalyse the determinants of health.
Among various determinants, socioeconomic statuisccepted determinant affecting
health whether through direct ways or indirect wamong numerous socioeconomic
status, income and wealth relevant determinantsacattconsiderably interest of

researchers.

Income and wealth influence health through sevepahways, for example,
health care service, financial stress, and sooig@parison. Income can facilitate access to
better health service and increase health investtnadmprove physical health as well as
relieving the financial stress to improve mentaaltte On the other hand, income and
wealth are typical symbols of socioeconomic statosthey are also a tool for social
comparison. Social comparison is not always negdtivt an invidious comparison may
cause the mental stress and further, harms theamkaalth. These pathways might
coexist no matter at what stage of economic devedoyp. At the developing stage, people
are struggling to escape from poverty so that dtbvygay of social comparison might not
be as significant as the other pathways. Income risain determinant of health at this

stage. Thus, absolute income might have a signifieliect on improving physical health



(through health care service and health investnamt)mental health (through health care

service and the relief of financial stress).

At the developed stage, the cost of utilizing Healire service is relatively low
because of the high average income level and th@ementation of social schemes
relevant to health which have covered most medicglense. The basic health care
service is secured, and thus, health care servigbt mot be the most essential factor of
health outcome.In an affluent society where the media is floungh the pathway
of social comparison might have more influence ealtth. For example, media
broadcasting luxury goods changes people’s valld®e commercial media encourages
people to pursue anything representing their scoibemic status. This might cause
stronger comparison behaviour. Clark and Oswa®®&) and Clark and Senik (2010)
have the theoretical discussion of social comparisthough the pathway of social
comparison is stressed at this stage, income &ilepossesses the function of relieving
stress but this stress might come from pursuindp ljgality life instead of financial

embarrassment.

Three main health income hypotheses discussingethtonship between income
and health are 1. the absolute income hypothesthg2elative income hypothesis; 3. the
income inequality hypothesis. Money can not only butritious food and good quality
health services but can also bring a sense of isge@nd, further, reduce depression or
other mental stress. This is the argument of thlsmlate income hypothesis - income is
able to improve health status. The relative incdryothesis claims that individuals tend
to emphasize their relative income more than alesolncome amount due to the
comparison when a society reaches an affluent stgally, the argument of income
inequality is income inequality becomes a more irfgu determinant of health than

absolute income when a society has higher averageme (after epidemiological

2



transition). Income inequality influences healthotigh social environment. Apart from

three main hypotheses, there are other health iedoypotheses such as the deprivation
hypothesis and the relative position hypothesis thet aforementioned three health
income hypotheses are the subject of most disqussi@ the conclusions are not

consistent.

The data used in the analysis are one of the reasmumsing the mixed results.
Wilkinson and Pickett (2006) sort out 169 studidevant to income distribution and find
that the Gini coefficient measured at differentioegl levels affects the result of the
income inequality hypothesis test. The Gini coédfit measured over a large area tends
to support the income inequality hypothesis. Cosiolus drawn from a small area do not
yield much evidence to support it. They claim ttiet Gini coefficient is a good measure
of the scale of social stratification over a lamyea rather than small area. However,
Gravelle et al. (2002) think this circumstance lssfrom aggregate bias caused by
nonlinear individual health income risk and impromggregate variables replacing
individual variables. Understanding the real indbal health income relationship can
produce a clear conclusion in terms of differemoime hypotheses and at once explain

income related health inequality.

This thesis uses Taiwanese survey data to testnawo health income hypotheses,
the absolute income hypothesis and the income aliégihypothesis, and to draw the
individual health income relationship. Taiwan hasetv categorized as a developed
country by the International Monetary Fund (IMFhc@ 1990s. Taiwanese government
has implemented several social insurances suckalasuk Insurance, Military Insurance,
Government Employee Insurance, and Farmer Heabhramce for decades. Those
occupational insurances also cover medical expamdiso the basic health access is

secured. In 1995, the government carried out toNal Health Insurance (NHI) which



integrated the medical payment of occupationalranstes and included the people who
were not covered by those occupational insurancBsere were 96.2% of population
covered in 1998 and it achieved 99% in May 2018e 3atisfaction of NHI approximated
to 80% recently. Comparing Taiwanese health pdlidie other advanced countries’
health policies, it is largely identical but withimor differences. However, in the process
of development, Taiwan is different from westermmies in two aspects. Firstly, fast
development comes with low income inequality. 1r8Q8, Taiwan's economy highly
developed and the Gini coefficient was lower thaat tof western countries though it
went up rapidly. To date, Taiwan's income inegyab still low compared to the other
advanced countries. Secondly, Taiwan has highéngaratio than the other advanced
countries. Even when the real income decreasesavings ratio still keeps at the same
level. High savings ratio implies the lack of serd security and uncertainty for the
future such as macroeconomic and politic situatigots markets, and inflation. When
people are pessimistic about their future, moneyhe means offering the sense of

security.

Chiang (1999) uses Taiwanese survey data to testltbolute income hypothesis
and the income inequality hypothesis by regresaimaiysis of mortality on income and
income inequality for three index years, 1976, 1@8%l 1995. The data used in his article
is Family and Expenditure Survey and Taiwan-Fukimographic Fact Book which
reports various mortality rates annually. He clatimst the population health is affected
by income inequality more than by absolute incofter §aiwan past the epidemiological
transition. This thesis is based on the argumeniggfegate bias and starts from refining
Chiang’s analysis with the same socioeconomic batalifferent mortality data. Chapter
3 tests the absolute income hypothesis and themacmequality hypothesis by

combining aggregate mortality data and individualiseconomic status data. The panel



dataset is created at county level. This approHotv& use of the county panel dataset to
avoid aggregation bias. Chapter 4 utilizes nonpatacnmethods to estimate individual's
health income relationship for two reasons. Finstpparametric methods can avoid the
potential problem of misspecification. Secondlyesh methods display clearly the
variation of health across different income levigdsfigure out income related health
inequality. If the relationship is nonlinear, itingupport the analysing strategy in Chapter
3 and produce more precise results because it @vbiel problem of aggregate bias
whereas, if the relationship is linear, this witiply that aggregate bias is not an issue in
the hypotheses test when one uses aggregate dhthearesult obtained from Chapter 3
will be theoretically the same as that obtainednframnalysis of aggregate data. Chapter 3
and Chapter 4 discuss health income relationshigmuthe assumption of health social
gradient — a negative relationship between heatlitators and socioeconomic status and
the direction goes from socioeconomic status tdtie&siven potential reverse causality,
Chapter 5 uses an explicit identification stratemydentify the effect of absolute income
on health by evaluating the policy effect of theni8e Farmer Welfare Benefit Interim

Regulation on health as the robust evidence fotasiteof absolute income hypothesis.

Before proceeding to the main points of discussiba,following sections in this
chapter introduce the Taiwanese background, espedtie development of the economy,
the education system, and the social welfare feersd reasons. First, the relative income
hypothesis and the income inequality hypothesisncthat people are concerned about
their relative income more than their absolute meoafter economic transition. To
describe the economic development can help readetsmderstand at what economic
stage Taiwan is in the period of analysis. Seceddication is one of the measures of
socioeconomic status and the positive associatéween education and health is well

established (Feldman et al., 1989; Morris, 1990nkiiby et al., 1992). The introduction



of measures of education transition can revealgligrthe variation of socioeconomic
status and the circumstance of social mobility awan. Finally, the introduction of
social welfare policies is useful as backgroundatdetailed picture of Taiwan’s social

welfare system for the investigation of chapter 5.

1.2 Economic Transition

After World War 1l (WWII), economic depression spteto the Far East
including Japan, China, Korea Republic, and Taiwdhe subsequent economic
development of Japan and Taiwan has attractechtbeest of researchers because of the
fast growth in the 50 years after WWII. Hence, ¢hisra lot of literature investigating the
Japanese and Taiwanese economies. After WWII, Tesneconomic development can
be roughly partitioned into four periods, the eanimrecovery period (1949-1952), the
period of agriculture supporting industry (195akg period of export-oriented economic

development (1960s-1980s), and the economic tramat@mn period (1980s-present).

1.21 Economic Recovery Period (1949-1952)

In this period, booming population, soaring priceppages in industrial and
agricultural production and military expenditureighh accounted for more than half of
government expenditure resulting in severe sodiablpms and economic collapse. To
address these problems, the Taiwanese governmeptealda series of policies and
measures, for example, land reform, currency refdoreign trade control, the first
priority to develop electricity, fertilizer and ti#le industries, to stabilize the society and
economy. In the 1950s, the growth rate of agricaltindustry achieved approximately

4.7% every year. Further, in 1950, economic aidnftdnited States injected substantial



funds. For these two reasons, the economy of Tamamrestored and it recovered to the

highest level before WWII.

1.2.2 Period of Agriculture Supporting I ndustry (1952-1960)

Taiwan's economy was largely based on agricultaréhat there was an excess
labour force. Meanwhile, the foreign trade defigéis serious and foreign exchange was
in short supply. The import of industrial produetas not affordable because of low
income levels. Hence, the government establishédigewhereby agriculture supported
industry and industry improved agriculture. Landforsx improved agricultural
productivity so that agricultural products and meged products constituted a very high
proportion of total exports and became the mainrcuwf foreign exchande The
Government also used the profit acquired from cdegoy acquisition and other means,
for instance, unequal exchange, to inject into #tdal development. In industry, the
focus was on livelihood industries based on leg#t@larequirement and lower technology
to replace imports. On the other hand, the goveminoeirrtailed foreign exchange

spending and created more employment opportundiaeviate employment pressure.

1.2.3 Period of Export-Oriented Economic Development (1960s-1980s)

Due to the small market, the market for import $ititgon industries was at
saturation point. Meanwhile, the greater speciibraas an industrial rating was
advocated. Taiwan seized the advantage to devejmmteprocessing industries by using
a low-wage labour force to promote economic develmm. On the other hand, the
government also formulated or amended policies siscthe reform of foreign exchange
and trade, implemented investment incentive reguia encouraged private savings, tax
and financing benefit for exporters, and estabtisbeport processing zones and bonded

warehouses to promote exports. Foreign investmanmglthis period of industrialization

! For example, it achieved 71.5% in 1957.



and export expansion in Taiwan played an importalg. The private sector industries
changed from import substitution to export. Thisswlae main force of economic growth.
Japan, the United States, and Taiwan had trianguéate relations, importing raw
material from Japan and exporting products to thidd States. During the decade from
1963, the average annual growth rate of industrg W3% while the average annual
growth rate of the manufacturing sector achievedl®0 Industrial output in GDP
increased from 26.9% in 1960 to 43.8% in 1973. pitwportion of industrial production
in exports increased from 32.3% in 1960 to 84.6%49M3. Taiwan's industry was based
on export processing zones and used textiles, happiiances and other processing

industries as the core to drive economic developmen

1.2.4 Economic Transformation Period (1980s-present)

In the 1980s, Taiwan'’s internal and external ecan@nvironment changed. The
NT dollar exchange rate appreciated and wages sbagply. Labour-intensive export
processing industries lost their comparative adgatwhich lead to a drop in private
investment. The economy suffered from hardship. ff@se reasons, in 1986, the
government started economic transformation witbrkltization, internationalization, and
institutionalization to improve and perfect the k&treconomic mechanism. Meanwhile,
industrial upgrading and expansion of foreign merkaitside the U.S. underwent a major
adjustment. After a decade of economic transfonattapital and technology-intensive
industries account for 61.5%.0f manufacturing indusThe information industry was
particularly prominent and its output ranked highiythe world. Taiwan's foreign export
market focus had gradually shifted from Europe &mel United States to Asia. The
proportion of exports to the U.S. sank from 48.8%4984 to 23.7% in 1995 and exports
to Asia increased from 32.8% in 1988 to 52.6% i®5L9Export structures also had

changed greatly. Electronics, information, mechahielectrical and transport products



accounted for more than 50% of total exports. Du¢he substantial growth of foreign
investment, Taiwan had become a net capital expoftee accumulation of Taiwanese

foreign investment was approximately 30 billion UdBllars in 1995.

Taiwan’s so-called economic miracle has resultedanonly faster growth but
also less income inequality than elsewhere espetiafore 1980. Figure 1.1 displays the

economic growth rate over the years and the histbfsini coefficient. After 1980, the

Figurel.1 Economic Growth Rate and Gini Coeffici
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Gini coefficient went up continuously and it crod<g3 in 1988 whereas the economic
growth rate dropped gradually after 1994. Althotigh variation of Gini went up, it was

still under 0.4.

1.3 TheTransition of Education
General education and vocational education argvthemain components in the

Taiwanese education system. The duration of saigp&om primary school to university



is 16 years in total. The primary school and juriigh school which are 9 years in total
have become compulsory education since 1968. Bdf#68, only primary school was
compulsory. After the period of compulsory eduaatistudents have to take the joint

entrance examination for further education.

Before 2001, students had to take the joint engraamination after they
graduated from junior high school if they wantedctmtinue their study. Students had
three options which are the general senior higlo@ct8 years), five-year junior college,
and vocational senior high school (3 years). Titeddwo options belonged to vocational
education. The entrance examinations for these tkiredls of school were separated and
held in July every year. After senior high schastiidents who had graduated from
general senior high school had to pass the joittaroe examination for enrolling at
university (4 years) if they wanted to accept hagtucation. Another option for these
students was three-year junior colleges but it alaalished step by step in 1980s. The
students graduating from vocational senior highostthad to pass the joint entrance
examination for going to the four-year institutet@hnology or two-year junior colleges.
The options for students after five-year juniorlegé included two-year vocational
college and university. After university or equimal degrees, students had to pass the
entrance examination for postgraduate study. Adtleeo years are for master and at least

4 years are for Ph. D. Figure 1.2 illustrates tthecation system in Taiwan

Due to the complicated processes of entering fugtacation, education policies
for high schools were changed in 2001. After 2@6& ,basic competence test replaced the
aforementioned entrance exams and this exam is stanelardized This exam is now

held twice per year. Students get one more opptyttm pass the exam. High schools

2 Before 2001, the exams of entrance for three kafdschool were different and each exam was
also different from region and region.
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including general and vocational school and fivaryenior colleges can admit students
according to the result of basic competence tedtather criteria made by individual

school. The purpose of this change is to simplify éntry process.

After 2002, the multi-route promotion programme lagpd the conventional
united exam of entrance of university in order toyide more routes for high school
students to access higher education. On the otirad, tseveral five-year junior colleges
were promoted to four-year institutes of technolog$996 and further, were promoted to
universities of technology gradually after 1996.eTimiversities of technology can not

only admit students from vocational senior highasthbut also general students.

The maost critical thing in the previous educati@fiqgies is that students had only
one route which was the joint entrance exam helckoevery year to access higher
education. Thus, broadening the entrance routeeiptirpose for the policy change. Not
only the entrance exam but also application andnption are the routes to enter further

education in the new education polices.

Higher education was an elite sector before thHieypohange, especially before
the 1980s. Less than 20 percent students could enumiversities. The enrolment rate
increased gradually. It achieved 50% in 1997 ans #00% now. The 100% enrolment
rate results from the increasing number of univiesiand from the falling fertility rate.

The total number of institutes classed as univemsiiequivalent level in Taiwan is 154

% The population in Taiwan is 23 million and theritery is around 1/7 of Great Britain.
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The rising university enrolment rate causes a fawblems, for example,
distorting the allocation of human resource andiced) the return of education. However,
it guarantees the human right of education and org® social justice. In a word, the
changes of education policy in the late 1990s nmthecation more available. Higher

education becomes general education rather thizneelucation.

Figurel.2 Education Syste of Taiwar
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14 TheHistorical Perspective of Social Welfare Policies

Social welfare is provided by government whetheeatly or indirectly and it
covers three dimensions, economic status, heatth,nzental status. Social welfare can
not only provide security in people’s lives butalse an indicator of development.
Developed countries usually have more compreherssieal welfare because it needs a
large budget to support. In social welfare, sotiglrance is the main structure in the

system because it nearly covers three dimensiomsioned above. On the other hand,

12



benefit and social assistance are auxiliary toolssupport the inadequacy of social
insurance or achieve social justice. The followipgragraphs introduce the social

insurance and benefit policy in Taiwan.

Medical payments and retirement pension are twansaimponents in social
insurance. Before the implementation of Nationahlttelnsurance (NHI), there were five
comprehensive and several health insurance schdérhestive comprehensive schemes
comprise labour insurance (LI), government empldysarance (GEI), farmer insurance
(FI), teacher insurance for private school (TIP&d retirement insurance (RI). LI,
implemented in 1950, was the first insurance schéme same year, military insurance
(MI) was also implemented. GEI, RI, and TIPS werteaduced in 1958, 1965, and 1980,
respectively. However, Rl is part of GEIl becauses iprovided for retired government
employees but it is not compulsory. The governnsetgcted a few areas to implement Fl
in 1985 and it was implemented in the country ir889However, this was just an
experimental scheme. Due to the favourable effdatjas formally implemented in 1989.
Even though there were many health insurances deéfoplementation of NHI, some
people were still not covered. NHI was enactedd5l It merged the section related to
medical payments of social insurance schemes artleasame time, it also provided a

medical security for those who were not covereaity social insurance.

Apart from the comprehensive insurance schemesptiier programmes were
abolished after the government implemented NHI1L989, GEI and TIPS were merged
into the government employee and teacher insursectoeme (GETI). Generally speaking,
the three main comprehensive insurances (LI, GBfY FI) only do the business of
retirement pension and other non-medical paymeftés ldHI. In 1999, the government
implemented a regulation of unemployment paymentabbur insurance to provide

economic security for unemployed labours in thst fr months. However, this regulation
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was abolished in 2003 and replaced by the Employrresurance Act (EIA). Further

securities and assistances are included in this Act

The pension, especially the retirement pensioryiges senior citizens with basic
security to avoid suffering from extreme povertyoviever, Fl is the only job-related
insurance without a retirement pension. In viewtto$, the government granted senior
farmer benefit in 1995 to compensate the inadeqadagtirement pensions in the FI.
This will be discussed further in Chapter 5. Howetlee idea of benefit is different from
the concept of pension. Despite the three jobedlaisurances covering the majority of
the population, the unemployed and those outsigéathour force are not covered by any
pension scheme. For this reason, the governmeimteshéhe National Pension Scheme
(NPS) in 2008. The National Pension Scheme isalsompulsory scheme. An individual
who is at age 25 and older and is not includedHoget job-related insurances has to
participate in the national pension scheme untilyéars old if they are not covered by

any other job-related insurance during this period.

With respect to benefits, they are usually provittedsenior citizens. Apart from
the senior farmer benefit, the government grantakfit in 1998 to senior citizens in the
low or middle income quantiles. The Government atdooduced the Senior Welfare
Benefit Interim Regulation (SWBIR) in 2002. Howeyerot every senior citizen is
eligible to claim this benefit. One has to meet sayualifications to receive the benefit.
In 2003, it covered 30% of senior citizens. Thei®eRarmer Welfare Benefit Interim
Regulation was abolished after National Pensiore®ehwas implemented. People who
participate or had ever participated in Nationahdfen Scheme are eligible to claim this
pension no matter that they claim retirement pen§iom other insurance schemes. In

order to look after disabled senior citizens in l@v middle income families, the

14



government introduced regulations on special careefit to grant the benefit in 2007.

Again, these issues will be important for the déston in Chapter 5.

As for social assistance, the government implentetite Public Assistance Act
in 1980. The target of this Act is people in thevdst income quantile or with disabilities.
It provides mainly economic assistance. There amaynother regulations allowing the

disabled to secure job opportunities and providenthvith other forms of assistance.

Social insurance, the benefits system, and socsslistance constitute a
comprehensive programme of economic social securigy provide security to people
suffering from extreme poverty and maintain basiman rights. Table 1-1 illustrates the

development of social welfare in Taiwan.

15 Conclusion

This thesis is organized as follows: Chapter 2omiices the previous literature
related to health income hypotheses. Chapter 8 thstabsolute income hypothesis and
the income inequality hypothesis by combining aggte and individual data. Chapter 4
investigates the health income relationship witmpasametric estimations. Chapter 5
retests the absolute income hypothesis with qugmrémental methods. Finally, Chapter

6 is the conclusion.

15



Tablel-1 The Development of Social Scheme in Tai

Yeal Schem Notes
1950.{ Labour Insuranc Labour Insurance Regulation Taiwan
Province was the source of law.
Act of Labour Insurance was
formulated in 1958.
1950. ¢  Military Insuranct Regulation of Military Insurance w
formulated in March of 1950.
1958. ¢  Government Employee Insurai  Act of Government Employe
Insurance was announced in January of
1958.
1965. ¢ Retirement Insuran Regulation of retirement insurance v
announced in March of 1964.
1980. ¢ Low and Mdde Income Family  Public Assistance Act was the source
Living Allowance law and announced at the same time.
1980. 1t Private School Teacher and St  Regulation of private school teact
Insurance and staff insurance was announced in
August of 1980.
1984. . Retirement Insurance for Prive
School Teacher and Staff
1985. 1t Pilot Farmeihealthinsuranc Farmer health insurance temporary p
points was the source of law
1989. "  FarmerHealthinsuranc FarmerHealthinsurance Act wa
announced in June of 1989
1995.{ National Health Insuran National Health Insurance Act w
announced in August of 1994
1995.!  Senior Farmer Bene Interim Regulation of Senior Farm
Welfare was the source of law
1999. . Unemployment Labour Bene Regulation of Unemployment Labo
Benefit was announced in December of
1998
1999.!  Government Employeand Government Employee and Teac
Teacher Insurance Insurance Act was announced in May
of 1999.
This Act merged Government
Employee Insurance and Private School
Teacher and Staff Insurance
2002.!  Senior Welfare Bene Interim Regulation of SenicWelfare
Benefit was announced at the same
time.
2003.. Employment Insuran Employment Insurance Act wi
announced in May of 2002
2007.°  Special Care Benefit for Iddle Regulations on Special Care Ben
or Low-Income Senior Citizens For Middle or Low-income Senior
Citizens was announced at the same
time
2008. 1(  National Pension Schel National Pension Act was announcec

August of 2007
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Chapter 2. Income Hypotheses

21 Literaturereview

Understanding the determinants of health is a afussue in many countries
because health affects the accumulation of humpitat@and labour productivity through
education. Furthermore, it affects a country’s @coic growth. The vast majority of
empirical papers in health economics investigate thpic of what causes the health
difference between countries. Among the primargedeinants, socioeconomic status is
of interest to many researchers and policy makang; income and wealth are widely
discussed as former among those socioeconomicnuaterts. In recent decades, many

health income hypotheses have appeared to exmainrttome affects health status.

Wagstaff and Doorslaer (2000) categorize previoapeps into five income
hypotheses: 1. the absolute income hypothesis (AH}he relative income hypothesis
(RIH); 3. the income inequality hypothesis (lIH);the deprivation hypothesis (DH) and
5. the relative position hypothesis (RPH). Theclativo hypotheses are the derivatives of
the relative income hypothesis. Thus, the followdigrussion concentrates on AlH, RIH,

and IIH.

The absolute income hypothesis claims that incoiffiecta health on both
physical and psychological levels. On the phydieatl, income increases one’s ability to
purchase nutritious food and to acquire betterityuhealth service. On a psychological
level, income provides a sense of economic secutiigh results in significantly lower
levels of existential stress. People who encodittancial insecurity, debt, job insecurity,
and unemployment have worse health status (Bartig@94; White, 1991; Wilson and
Walker, 1993; McGrown, 1994; Iversen and Klaus&811 Ferris et al., 1995; Cobb and

Kasl, 1997; Mattiasson et al., 1990). Some of thesmgers explain that the worst health
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results from those factors due to the mediatioheadith risky behaviours, such as obesity,
smoking and excessive drinking (Cameron and JArg88; Wilkinson, 1996; Li and Zhu,
2006), and restricted social contact (House etl8P8; Broadhead et al., 1983; Berkman

and Syme, 1979; Whelan, 1993; Rosengren et al3)199

Wilkinson (1996), however, says ‘income per se duoatsaffect health’. Income
affects health through other ways, for instance, timdency to compare income. The
relative income hypothesis claims that people emigbaheir relative income to others
rather than their own absolute income amount afterety achieves its affluent stage. The
income inequality hypothesis claims that incomequadity harms health through an
unstable society, for example, strike, violencener and even coups, which results from
collapsed social cohesion and trust, and harmfithassocial effects of invidious social
comparison (Durkeim, 1951; Berkman and Syme, 1®7@ljer, 1985; Kawachi et al.,

1996, 1997; Kawachi and Kennedy, 1999).

Generally speaking, RIH and IIH share the commarithat the individual
compares his or her own situation to others simitaiividuals. Relative income and
income inequality influence health through comparis From an economic viewpoint,
comparison influences health directly in termstaf telative income hypothesis. People,
whose income is above a specific level, have atipeshealth effect. People have a
negative health effect when their income is belowspeecific level. As to income
inequality hypothesis, in a society with high in@ninequality, invidious social
comparison brings harmful psychological effects,amdthe same time, erodes social
capital which will cause an unstable society. Frangple, income inequality causes
unfair allocation of resource. The resource is calted more in affluent area or
advantaged groups than poor area or disadvantageghsy The disadvantaged people

would feel deprived when they compare the benéfiesource allocation or their income
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to that of advantaged people. In this circumstasoejal cohesion will collapse and
people might lose trust in government. Furthermsoeial destabilization is generated.
An unstable society brings high pressure and cawsssrtainty in the environment which

affects health.

In the econometric approach, the definition of tlifferent hypotheses depends
on the measured variable of relative position i @nalysis. For instance, if an index of
income inequality is used in the analysis, the imednequality hypothesis is tested. If a
relative deprivation measure is used in the amglyisi will test the relative income

hypothesis.

The other hypotheses are based on the same caricaptparison, for example,
comparison of socioeconomic characteristics coraparapart from income such as type

of job, education, or difference in capital assets.

It is fitting at this point to question whether thendency to self-compare
constitutes is an innate trait of human cognitiththe answer is ‘Yes’, then relative
inequality should not just hold in affluent couasi(or in countries that have experienced
economic transition) but in every country. If thesaer is ‘No’, what drives human
beings to compare themselves one another? Twol softilences can explain somewhat
motivation for such comparison. One is InformatioBacial Influence and the other one
is Normative Social Influence. When people do maivw how to behave, they copy other
people’s behaviour. This pattern of behaviour isied Informational Social Influence. It
provides a safe course of action. At least, otleapfe cannot criticize practitioners of
such behaviour for their action. In the case of miive Social Influence, the
fundamental factor is the human need to belong¢mbgroups. Common beliefs, values,

attitudes, and behaviour are needed. People ga aldtin the others to avoid being
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perceived as a fool or a loser. Social influencghiihave different effect in different
cultures. Collective cultures, for instance, mostaf culture, will tend to be influenced

by normative social influence more than individstidi cultures.

Social comparison is a theory to model the relatigm between comparison and
well-being and it also provides a theoretical fundatal for the relative income
hypothesis. Helson (1964) and Parducci (1968) atigaiall judgments and satisfaction
are relative values instead of absolute values.eHag2000) analyses individual and
aggregate data and concludes that subjective welgbis affected by the social
comparison effect of the subject’s income. He algplains that some literature does not
support social comparison because the researchigremphasize the average effect and
ignore the characteristics of income distributisunch as its range and. Yngwe et al. (2003)
suggest that social comparison is a mechanismerrdtationship between income and
health. Clark and Oswald (1998) establish an ecamamdel to describe the relationship

between the individual utility function and compsam behaviour.

In addition to the aforementioned discussion, themee a few papers discussing
the relationship between other factors such asakaunbbility, occupation, consumer
culture, and genes, life events and health (BagteyPlewis, 1997; Karasek and Theorell,
1990; Marmot et al., 1991; Kawachi and Kennedy,Z2M®osengren, 1993; Helsing and

Szklo, 1981; Brown, 1978; Hayakawa et al., 1992a).

2.2 TheMeasure of Empirical Variables

221 Themeasureof health status
The majority of empirical literature uses deatherdife expectancy, and self-

assessed health as the indicators of measurindnghkh status because they are the
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primary available indicators in most health repansl surveys. Infant mortality rate and
population mortality rate are the two most usedciaimrs in the literature. The advantage
of death rate is that it is accurate and objectivereas its weakness is that it is not

sensitive to detect the prevalence of everydagsbrand diseases.

Life expectancy overcomes this weak point. It ismpated from cardinal
mortality rates and it reveals the average expdidtedpan at every age. The flaw of life

expectancy is that it is not sensitive to deatb vaten the death rate is small.

Self-assessed health is a direct way to understadgigidual's health status.
Several measures such as Short Form 12 (SF-12)t 8bhom 36 (SF-36), and other
general questions are used in the literature. Tiferehce between these measures is the
number of questions in the questionnaire. SF12tmqureewire composes 12 questions and
SF36 questionnaire comprises 36 questions. Inrbeeps of dealing with SF12 and SF36,
each question has a score and the total scoré¢ gfiedtions is converted to a final score
in physical and mental dimensions respectively. otAar question measuring general
health is: would you say your health is excelleety good, good, fair, or poor in general?
The drawback of self-assessed health indicatdtsisit is too hard to know exactly what
the respondents mean which is very subjective. Wisaple think their health is good, it
is difficult to know the difference from those wbay their health is very good. Although
this weakness exists, many studies such as Wilki(s@96), Idler and Benyamini (1997),
McGee et al. (1998), and Contoyannis and JonesAj2@Mgest that self-assessed health
is a good predictor of subsequent mortality whides not systematically vary by

socioeconomic characteristics.

Death rate and life expectancy are the nationacotogical data. Many studies

analysing the cross-country or cross-state datathsse two indicators whereas self-
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assessed health is observed at the micro-levelstathat it is utilized in a number of
studies whose interest is on the association bativealth status and income at individual

level.

2.22 TheMeasureof Income Inequality or Relative Deprivation of |ncome
How to measure income inequality or the relativeriation of income might
affect the conclusion of health income hypothesst tncome inequality is an aggregate

concept. Hence, it cannot be a measure on an thdilvbasis.

Champernowne (1974) suggests seven criteria food indicator of inequalit§.
The more criteria an indicator meets, the bettelicator it is. The Gini coefficient,
variance, standard deviation and the ratio of upgpaantile and lower quantile are
frequently used as the measure of income inequalitigerature. However, do different
measures result in different conclusions? Kawacatd &ennedy (1997) examine 6
different measures of income inequality includihg Gini coefficient, the decile ratio, the
proportions of total income earned by the botton®5®0%, 70% of households
respectively, the Robin Hood index, the Atkinsotier, and Theil’'s entropy and conclude
that the choice of income distribution measure duatsapparently alter the result that

income inequality is linked to higher mortality.

According to Runciman (1996), the definition ofatle deprivation refers to ‘the

extent of the difference between [some] desiraghtiitn and that of the person desiring

* 1. Familiarity and convenience for computatiorestimation from statistics in a readily available
form. 2. Impartiality between persons, in the setisa they depend only on the frequency
distribution of income and not at all on the orderwhich individuals are ranked within the
distribution, and thus not at all on the assocratid income with other characteristics such as
wealth, power, political advantage, race or headthlnvariance with respect to the number of
persons receiving income. 4. Invariance with respeaniform increase (or decrease) of the size
of income. 5. Pigou-Dalton efficiency. 6. Rangenfraero to one. 7. Suitability as a specialist
measure of one particular aspect of inequality.
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it °. Eibner and Evans (2005) develop an indicator mhiR® to measure relative
deprivation based on Runciman’s definition and sghent theory developed by Yitzhaki
(1979). The equation BD; = 1/N ¥.;(y; — y;)Vy; > y;. This measure posits that the
relative deprivation of individualis driven by the income of individupwho earns more
thany; in a reference group witK individuals. Li and Zhu (2006) construct threeatisle
deprivation indices following Eibner and Evans (2D@&s the indicator for relative
income. The indices are relative deprivation of ollite income (RDA), relative
deprivation of log income (RDL), relative deprivatiover individual income (RDI), and
individual rank. The definition of RDA is the sarae RD defined by Eibner and Evans.
RDL replaces income with log income in the defoitiof RDA. RDI is defined by
RDA;/y;. The index of individual rank is defined by theliwvidual’s centile rank with in

a reference group (where the income is sorteddragitending order).

223 Other Characteristics

Demographic variables usually controlled for in tlesearch are age, gender,
education, marital status, and occupation. Educaticattainment is a proxy for
investment in human capital. The accumulation aghan capital plausibly has a positive
relationship with income. Education is not onlyradiction of future earning but it also
increases people’s knowledge of avoiding healtk fastors. Elo and Preston (1996) use
US data and reveal the significant difference inrtalily rather across educational
attainment groups among men and women in the &889s. Mortality rates according to
educational differences are larger for men thanviomen and larger for people at

working age than for people of retired age. Winilett al. (1992) suggest that adult

>A person can be said to in the situation of retatieprivation of X when (i) he does not have X,
(i) he sees the other person or persons, which imayde himself at some previous or expected
time, as having X (whether or not this is in faut tcase), (iii) he wants X, and (iv) he sees it as
feasible that he should have X.
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health behaviours such as smoking and exercise ohagely associate with educational
attainment than with income or occupation. Meangyhiducational attainment is also a

reflection of both family background and personaits.

With respect to occupation, the relationship refle@a more complicated
interaction of not only social classes but alsmime and psychosocial pathways such as
stress and social networks etc. Besides these blesjageographical or ecological

variables should also be taken into consideratczohtrol for environmental effects.

2.3 Theory

Wilkinson and Pickett (2006) summarize the condusiof 169 papers relevant
to the relative income hypothesis and income inifgulypothesis and sort out those
papers into three categories: wholly supportivetigity supportive and unsupportive (see
Table 2-1). For example, in cross-national studiegyrand (1987), Waldmann (1992) and
Wilkinson (1992) are wholly supportive to the hyjpetes whereas Judge (1995),
Gravelle et al. (2002) and Wildman et al. (2003)ndt find evidence in support of the

hypothesis.

At the level of states, regions and metropolitagaar the wholly supporting
studies are, for example, Blakely et al. (2001)wKehi and Kennedy (1997) and Chiang
(1999). The unsupportive studies are, for examykd|or and Milyo (2002), Deaton and

Lubotsky (2003) and Henderson et al. (2004).

The wholly supporting studies using the data oflsarg@as such as counties and
neighbourhood are, for example, Soobader and LeGE$99) and Gold et al. (2001).

The opposite studies are such as Franzini and $f2@03) and Hou and Myles (2005).

24



They find that majority of studies (approximatel Pper cent) suggest that
income inequality worsens average health statusveier, there is a phenomenon that
the studies using large area data are more likghpative than those using small area
data. They argue that income inequality in largeaas a good measure of the scale of
social stratification or the degree of social hielhg rather than in a small area. Another
argument to explain this phenomenon is aggregatefrioposed by Gravelle et al. (2002).

This thesis follows this argument.

Table2-1 Summary of results of 169 analyses of the reldtietmveen income distributic
and population health contained in 155 papersdhemtheses: homicide studies)

Wholly Partially
Supportive  Supportive

Wholly
supportive as per
cent of all

Unsupportive Total

Only sig. + Some sig. + No  sig. + . excluding
findings and some null findings All studies partially
supportive (%)
Level1 30 (11) 9 6 45 (11) 83
Level 2  45(13) 21 17 83 (13) 73
Level 3 12(2) 14 14 (1) 40 (3) 45
Total 87 (26) 44 37 (1) 168 (27) 70

* Level 1: nations; Level 2: states, regions an&sitLevel 3: counties, tracts and parishes
Ref: Wilkinson and Pickett (2006).

The aggregation bias might be generated if one aggiegate data to investigate
the individual health income relationship. Gravedteal. (2002) say that ‘there are serious
conceptual difficulties in using aggregate crosgiens as a means of testing hypotheses

about the effect of income, and its distribution tiee health of individuals’ (p. 577).
Consider the individual model:

(2.1) my = Bo + Bryik + B2V + BaRik + Bazi + i

wheremy is the mortality risk of individual in countryk, yi is his/her income,
andey is an error termRy is a variable reflecting the relative income hyasts that an
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individual's health depends on the income of ottersvell as his own incomey is a

vector of non-income variables affecting health.

Average Eqg. (2.1) by the population in couktgenoted byN, and Eq. (2.2) is

obtained:
(2.2) my = Po+ P1Yi + BaSk + B3Rk + Bazi + ey
wherem, = z mik/Nk is population mortality in country, y, = z Yik /Nk

is average incomes, = Z y2i /|\|k is the mean of square average income. Likewise,
R, :ZRik/Nk’ Zy :zzik/Nk ande, :Zeik/Nk'
However, an aggregate model typically looks like €93):

(2.3) mg = by + byyy + bayi + b3Gy + &

In Eq. (2.3)m is population mortality ratey, is per capita incomes? is the
square of average income aBdis the measure of income inequality in coudrince,
the coefficients in Eq. (2.2) are of interest iasteof these in Eqg. (2.3); the question is

whether we can recover the parameter of Eq. (Bo2) £q. (2.3).

To recover the parameters for Eq. (2.2) from aifipaton such as Eqg. (2.3): let
aj, denote the coefficient obtained from regressing wariableo on the variablg.

Gravelle et al. regress, R, andz on the explanatory variables in Eq. (2.3), respelt
(24) s =60+ AysYk + ayzsylg + agsGy + Uk
(2.5) Ry = ag + aypyi + a2y + agrGy + @y

(2.6) z =y, + Ay Yk t “yzz%% + ag, Gy + Tk
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Substitute Eq. (2.4), (2.5), and (2.6) farR,, andz respectively, and the Eq. (2.7)

is obtained.

(2.7) my = (Bo + P26o + Paao + Pavo) + (B1 + Boays + Bzayr + ﬂ4ayz)yk
+(,82ay2s + Bsay2p + .34ay22)3’1% + (B2ags + Bzagr + Baac,) Gy
+(B3k + BaTi + Batix + €x)

Rearranging Eq. (2.7), we obtain Eq (2.8).

(2.8) by =By + Prays + B3ayg + Paay,

by = Baaty2s + Baay2p + By,

bs = Boags + Bzagr + Bac,
AssumeR, and G, are the same variablegsg=1) and ignore the variablg to
simplify the processor of analysis. The Eq. (28}dmes Eq. (2.9).
(2.9) by = By + Prays + P3ayg

b, = ﬁzayzs + ﬂSayzR

bs = Brags + B3

Theb; andbs will be unbiased only under some conditions. Baneple,b; will
be equal tg, wheng,=0or a,~0 and one of both coefficien{§;=0 or a,=0. According
to the previous studies, it is a little implausithata,s anda,s are equal to 0. It should be
a positive association. Thus, thewill be unbiased only when the individual mortalit

risk-income relationship is linear and when thatiee income hypothesis does not hold.
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The coefficient of intereshs, will be unbiased when eithgs or acsis equal to 0.
It is a little implausible that there is no asstioia between the indicators of the income
inequality index and the average of square incoifieis relationship is positive
theoretically. Henceps is only unbiased when the association betweenniecand
individual mortality risk is linear. When the indilal mortality risk-income association
is nonlinear g, # 0), the estimated coefficient of income inequailitynot identical to the
coefficient of relative income on individual moitglrisk, even if the inequality index is

perfectly identical to the index of relative incoffagr =1).

Putting these restrictions together, it is unlikéiyt an equation like (2.2) be
recovered from (2.3). Gravelle et al. (2002) sugdbat disentangling the individual
health income relationship is the first step td tee relative income hypothesis. If this
relationship is nonlinear, attempts to test thatied income hypothesis with aggregate
level data are unlikely to be fruitful. Meanwhiliae estimates of the effect of absolute
income on health are also likely biased. The imtligl health income relationship may
contaminate the results of testing the income iabiyuhypothesis with aggregate data if
it is nonlinear. They also say ‘Even in the abseate&onfounding by omitted health
affecting variables, and with much more accuratéa dhan are currently available,
aggregate level studies are incapable of distimguisbetween the direct effect of income
inequality on individual health and the artificieffects of nonlinearity in the individual

health income relationship.’

24 Conclusion
Compared to the absolute income hypothesis, thaivelincome and income

inequality hypotheses have attracted more atteméoently. The key point of the relative
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income hypothesis and the income inequality hyithis economic transition. People
emphasize their relative income rather than theolates income when the country
becomes affluent. Social comparison provides arétieal explanation for the relative
income hypothesis and income inequality hypothdsmwever, Wilkinson and Pickett
(2006) show that the papers using small area datadividual level data do not tend to
support the income inequality hypothesis. This tasion is consistent with the argument

of aggregate bias (Gravelle et al., 2002).

Two questions therefore motivate the rest of thesis. First, is the evidence in
Taiwanese case supporting the income inequalitptingsis a truth or an artefact and are
the absolute income hypothesis and the income alitguhypothesis coexistent or
exclusionary? Secondly, does the absolute incoifiesignificantly affect health status
even if Taiwan has passed the stage of economisitien? Chapter 3 combining the
mortality data and family income and expendituneey data avoids the aggregation bias
to test the absolute income hypothesis and theriacmequality hypothesis under the
assumption of health social gradient. Chapter 4Gimajpter 5 use another data set whose
sample is elder citizens to investigate the refetidp between income and self- assessed
health, the measurement of depression, and lifsfaetion. Chapter 4 reveals at once the
individual’'s health income risky relationship arftetincome related health inequality.
Chapter 5 attempts to provide a robust resultHertést of absolute income hypothesis by

using the strategies of identification.
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Chapter 3.  Socioeconomic determinants of mortality in Taiwan:

Combining individual data and aggr egate data®

3.1 Introduction
With the increase of health expenditure in manyntdes, there has been an

increase in health related research. Preventionteeatment are the two substantial
approaches in this area. The investigation of aimgiship between health and income is
one part of the former topic because it proposethods of prevention through social

phenomena. There is no doubt that mental healdciaffphysical health. Many factors

might have impacts on mental health and furthezcafphysical health through several
mediators. Stress is a mediator discussed in diterstture. On the other hand, there are
also factors that affect physical health directty.other words, socio-economic factors

might affect physical health by direct and indirpathways.

A lot of literature has been devoted to the ingadton of social phenomena
affecting health status. According to Wilkinson 969, the phenomena can be
summarized as follows: 1. Financial insecurity;Uhemployment; 3. Social contact; 4.
Social mobility; 5. Occupational class; 6. Consunceiture; 7. Other factors. The
aforementioned phenomena are potential determinahtsealth. These determinants
affect health status through stress or other pdggimal responses. However, those
determinants are also relevant to socioeconomiasst@ahus, appropriate policies can not
only improve these phenomena to accumulate soajatat but also promote the health

status of the whole society while reducing somevieaith expenditure in the future.

® This chapter is collaborated with Dr. Leon-Gonzaded has been published idralth Policy99
(2011) 23-36.
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Many empirical studies have investigated the retfethip between income and
health and two important hypotheses are the alesalobme hypothesis and the income

inequality hypothesis (for excellent reviews ofthiide literature see chapter 2).

Numerous studies using aggregate data have foupdosufor the income
inequality hypothesis (see Table 2-1). Howeverythave been criticized by some
authors who argued that only individual level ded@m be used to discriminate between
the competing hypotheses (e.g. Gravelle, 1998; Ydfgmd Doorslaer, 2000; Gravelle et
al., 2002; Wildman et al., 2003; Jen et al., 20@8).the other hand, studies that analyze
individual-level data often use self-reported meeswf health, which are more prone to
measurement error than mortality data. There aidiest that analysed individual data on
income and mortality (e.g. Fiscella and Franks,719aly et al., 1998; Fiscella and
Franks, 2000; Lochner et al.,, 2001; Fritjers, HaislbeNew and Shields, 2005).
However, individual data on mortality is not avalka in many countries. Furthermore,
since mortality is a low probability event at thedividual level, individual data on
mortality provides a limited amount of informatiade to the small number of people

who die in each wave of the dataset.

In this chapter aggregate mortality data is used.fddllowing a recent strand of
epidemiological literature (Prentice and Sheppaff5; Salway and Wakefield, 2005),
individual level data on income and other sociorerpic characteristics are also used to
ameliorate aggregation bias. The econometric apprzasimilar also to the econometric
methods proposed for repeated cross-sections bioD€4985) and Browning, Deaton
and Irish (1985) (see Cameron and Trivedi, 200p. (p70-773) for a summary of the
econometric methods and Salway and Wakefield (206d)a review of the related
epidemiological literature). The approach consists first defining a model at the

individual level, and then estimating the econormatrodel that results from aggregating
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the individual level model over individuals in aucdy. This approach is made feasible by

using individual level data to estimate county ages of regressors.

This chapter is organised as follows. Section Boduces the characteristics of
income inequality and mortality in Taiwan. Secti®rbriefly discusses the concept of
aggregation bias. Section 4 explains the economapproach followed in this paper to
avoid the aggregation bias and explains the liioitat of our econometric approach with
respect to using individual-level data for both tHependent and the independent
variables. Section 5 describes the data and se&igmesents the results. Section 7

concludes.

3.2 Incomedistribution and mortality in Taiwan

Taiwan’s income distribution attracts many researghattention because the
rapid development and limited changes in the incais&ibution in the past decades.
After Taiwan government implemented an array obmefs such as land reform and a
vigorous industrialization process, the society ldstic evolution. The agricultural
share of labour force went down from slightly I¢ésan 30 percent in 1979 to 10 percent
in 1995. The labour force in service sector replat®t in the industrial sector gradually
and now it is almost half of labour force. Due lte thange of social structure, the labour
force participation increased significantly. Meatil@hthe other changes, for example, the
fall of family size and increase of schooling lee¢lpopulation also contributed to the
rapid development. However, the income inequalityrabt expand with the development.
This process of development is different from thecpss of most western countries,
especially the US and the UK. Table 3-1 shows theparison of Gini coefficient in the

selected countries.
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Figure3.1 Crude MortalityRateand Gini Coefficier
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A large literature has investigated Taiwan’s incomequality. These studiés
investigate the causes of income inequality froffedint points of view. For brevity

these studies are not summarized in detail here.

According to the life statistics from the DepartrhehHealth, at the beginning of
20" century Taiwan'’s crude mortality rate was 33.7%otHe middle century, it dropped
down to 11.5%. and it became less than 10%. afted 18%er 1963, the crude mortality
in Taiwan was maintained at approximately 5%.. Fég8url shows the crude mortality and
Gini coefficient data. The trends of Gini coeffigcieand mortality are both going up over
time. Mortality has changed from 4.7%. to 6%. (in theriod 1979 - 2005), whereas the

Gini coefficient has gone from 0.278 to 0.345 (im same period).

" Fei et al (1979), Kuo et al. (1983), Jiang (19%=pdling et al. (1995), Fields and O’Hara (1996),
Hung (1996), Chu (1997), Fields and Leary (199@yrRier (1997), and Bourguignon et al (1998a,
1998b), etc.
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Table3-1 Income Distribution in selected countri

Percentage share of

household income, by Ratio of

income share of

Countr Year percentile groups of highest 20% G'.n'.
y households (%) an dglowest 20% coefficient
L(Z)\(I)V:/;St Highest 20% households
1.Low-income countries
Vietham 2002** 7.5 45.4 6.05 0.370
India 1999** 8.9 43.3 4.87 0.325
Indonesia 2002** 8.4 43.3 5.15 0.343
2. Mid-income countries
China 2001** 4.7 50.0 10.64 0.447
Philippines 2000** 5.4 52.3 9.69 0.461
Bulgaria 2001* 6.7 38.9 5.77 0.319
Thailand 2000** 6.1 50.0 8.20 .0432
Colombia 1999+ 2.7 61.8 22.89 0.576
Romania 2002** 7.9 41.0 5.19 0.303
Brazil 2001~ 2.4 63.2 26.33 0.593
Russian Federation 2002** 8.2 39.3 4.79 0.310
Malaysia 1997+ 4.4 54.3 12.43 0.492
Mexico 2000~ 3.1 59.1 19.06 0.546
3.High-income countries
Taiwan 1980 8.8 36.8 4.17 0.277
1994 7.3 39.2 5.38 0.318
2004 6.7 40.2 6.03 0.338
Korea, Rep 2000 6.2 42.6 6.84 0.352
New Zealand 1997* 6.4 43.8 6.84 0.362
Italy 2000~ 6.5 42.0 6.46 0.360
Singapore 2000 2.4 51.0 20.91 0.481
Canada 1998* 7.0 40.4 5.77 0.331
Germany 2000~ 8.5 36.9 4.34 0.283
Finland 2000~ 9.6 36.7 3.82 0.269
Hong Kong 2001 3.2 56.5 17.66 0.525
Sweden 2000~ 9.1 36.6 4.02 0.250
United Kingdom 1999* 6.1 44.0 7.21 0.360
Japan 1999 8.0 38.9 4.84 0.301
U.S.A. 2003 4.5 44 .4 9.83 0.394
Norway 2000~ 9.6 37.2 3.88 0.258
Luxembourg 2000* 8.4 38.9 4.63 0.308

Note: 1. * refers to income shares by percentifgsopulation and ranked by per capita income. **
refers to consumption share by percentiles of gmr and ranked by per capita consumption. 2.
Source: World Development Report, 2005 (the Woriahlg. Korea, Rep.: Social statistics Survey,
2000. Japan: National Survey of Family Income arpediture, 1999. U.S.A Alternative Income
Estimates in the United States, 2003. Hong KongpuRdion Census Main Report,
2001.Singapore: Singapore Census of Populatior).200

Source: the Report of FIES, 2004
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3.3 Discussion of bias
To discuss further the concept of aggregation lonentioned in Chapter 2,
consider the following individual level model fdret relationship between a measure of

health fix) and some regressoxg;:

@D hy = T(a + LX)

wherei refers to the individuat, refers to timek refers to countys, is an unobserved
error term and f(.) is a known function. Supposesearcher does not have observations

on individual data fohy andXy, but observes instead the county level variaklgand

hy:
Ny N
= N z o
Xy == hy ==
Nu N

whereNy is the population size in the, county in period. The aggregation bias is likely

to arise if the researcher attempts to estimatéolt@mving aggregate level model:

B2 hy = f(a, +B Xy, &)

Note that the true relationship betwegpandhy, implied by Eqg. (3.1), is:

Zkhitk Zk:f(ak + B Ec)

(33) i=1 — =1
Ntk Ntk

In general, Eq. (3.2) and Eq. (3.3) are very différ Hence, estimation of Eq.
(3.2) will give biased estimates af andg. However, iff was a linear function, then Eq.

(3.2) and Eq. (3.3) would be identical, and helheedggregation bias would not arise.
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Gravelle (1998) and Gravelle, Wildman and Suttd?0@) note a typical example

in which aggregation bias does arise. Assume ltteaitidividual level model is given by:

(B4) hy =a, + Bl + 5l itzk * Eiy

wherel represents income arhtlis square income. Some cross-country studies gt
GDP per capita as a measure of average incomeydult not have a measure of the
average value dfy,. Hence, if Eq. (3.4) defines the true relationdhéween health and
income, a regression of mortality on GDP per capitd GDP per capita squared would

suffer from the problem of omitted variable biasa@ddala, 2001(p.p. 159-163)), because

N
GDP per capita squared is often not a good appatiomof > 12 /N, -

i=1

3.4 Econometric Approach

341 Model

The individual-level model is as follows:
Yi =1  the individual dies with probabilityP
Y =0 the individual survives with probability By

where

(35 Py =BXy +a,

i, t, k denote thé" individual, t" year, and" county, respectively, andy is a vector of
regressors. The constami captures the effect of time-invariant county sfieci

characteristics that affect the probability of dyiffo simplify the process of estimation, it
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is assumed that the probability of dying depenaisaily on the regressérdut note that
the regressors might include powers of income, ag# other variables. Hence, this
approach does not rule out the possibility thaitheand income might be related non-

linearly, as argued by previous studies (e.g. GlavE998; Gravelle et al., 2002).

The expected value ofYy, expressed as W), is equal to

1*Pr(Yiu=1)+0*Pr(Yiw=0)= Pr{fx=1). Therefore, the model can be defined as
(36) Yy =BXy +a, &,

wheregy, is an error with zero mean. Furthermore, the ayeralue ofYiy in countyk in

yeart is

1 Nic
Vi :N_Z(Yitk)
tk 1=1

tth

where Ny is the population size in thie, county andt™ period. Note thalyy is the

mortality rate in count¥ in periodt. Hence, Eq. (3.6) implies th#t can be expressed as:
B7) Yy =BXy tay &

whereXy is a vector containing the average values ofélgeessors iXiy:

Nu

1
Xy = N_Z(Xitk)
tk =1

and:

8 Non-linear links between the probability and thet ef regressors could also be considered
following the approach in Prentice and Sheppar®%).9
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In this study, the data ory (mortality data) are available and the sample ayes

~ 1 Ntk -
of Xig, Xy =~—Z(Xitk), with N, < N, , are used to proxy foXx. Given the large
tk 1=l
sample size used to calculate these averages @&xe 3-2), the bias introduced because
of measurement error is negligible (Prentice anepghard, 1995; Salway and Wakefield,
2008). Prentice and Sheppard (1995) by means obateMCarlo experiment found that
when Ntk =100, the bias was about -2.0%, with a 95% confidenterval of (-3.8%, -

0.1%). Moreover, they found that the correctionytipeoposed in order to reduce the

measurement bias, which is superior asymptoticallypractice was not effective when
Ntk was at least 100. The Monte Carlo experiment @dmut by Salway and Wakefield
confirms that the measurement error bias woulddagigible in our case. They found that

even whenN, is as small as 25, the bias is only about 6%.

Note that the main difference in practice of oupraach with other aggregate
data studies is that the latter implicitly assurhat €E(X?) can be approximated with
(E(X))?, whereX denotes an explanatory variable, &f{d is the expected value operator.
However, this assumption is not necessary herdee aggregate level model Eq. (3.7)
is still consistent with the individual level modety. (3.5), which allows for non-linear

links between health and other variables.
With respect to identification of the parametexgerthat in our case the vector of
regressorsXy will contain a measure of income (eiy(!, ) ), squared income (e.g.

[Nl )]?) and a measure of inequality (e@, ). Hence in the aggregate level model
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(3.7) X« will contain E(In(l,)),E(In(1,)]?) and G, . Given that

E(IN(1 )]2):var(ln(litk))+[E(In(Iitk ))]2 is expressed, the aggregate level model

(3.7) can be written as:

Yo =B E(n(1y)) + B E([IN(1 )1?) + BsGy + E)ztk ta tE& =
B E(n(ly)) + B, 2[E(In(| itk ))]2 + [, Val(ln(l itk )) + BGy + Ejztk Ta, +&

From this expression it is clear that the paramnsetee identified even if one chooses
Val(ln(l itk)) as a measure of inequality (i®, = Var(ln(litk)), but in such a case high
correlation between the regressors might be enecemht and hence tests of individual
significance might have low power. In this chap@j is a Gini coefficient, whose

correlation with E([In(1, )]?) is only 0.12. One could also use other measures of

inequality such as the 90/10 ratio, which is likaty have smaller correlation with

E({In(14)1?) and E[In(l, )]

Fixed effects and random effects models are usedtimate the parameters and
the results are compared. However, it is possililat tthe error termey has
heteroskedasticity and/or autocorrelation. Henzleust fixed effects estimation is used to
correct this bias. As for random effects models,riibust population averaged estimation

is used to account for heteroskedasticity and auatelation.
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Table3-2 Number of values to calculate county averagesgressors: Minimum valut

5% percentile, Mean, 95% percentile and Maximunaeal

Year Minimum 5% Mean 95% Maximum
1 291 896 2357 5637 6755
2 286 850 2342 5211 6740
3 453 1110 3344 8155 9590
4 457 1077 3269 8474 9555
5 458 1089 3392 9165 10037
6 449 1113 3490 9902 9957
7 444 981 3249 10050 10465
8 449 989 3364 10976 10989
9 407 969 3349 11011 11042
10 400 895 3283 10795 11143
11 359 941 3236 10695 11139
12 381 871 3155 8778 10718
13 331 840 3061 8576 10091
14 338 828 3038 8420 10155
15 294 752 2993 8509 9853
16 289 830 2975 8358 10001
17 288 760 2930 8386 9845
18 235 728 2922 8438 9959
19 258 682 2868 8153 9929
20 399 788 2508 7459 9332
21 425 711 2328 6891 9470
22 374 817 2282 5771 9468
23 371 843 2287 5782 9036
24 379 873 2170 5582 8981
25 367 815 2164 5278 9145
26 353 805 2104 5477 7169
27 595 839 2152 5504 6889
28 617 743 2085 5302 6744
29 628 800 2061 5323 6437

3.4.2 Scopeand Limitations

The aggregate approach proposed in Prentice andp8itte (1995) produces
consistent estimates of the parameters of the iohtillevel model under a set of
assumptions which is more restrictive than wouldnkeessary if individual-level data
were available. The crucial extra assumption is thea error term in the individual-level
model is uncorrelated with the regressors. Thisimpsion could be relaxed to some
extent by using fixed effects and individual-ledsdta. That is, individual-level data are
able to effectively control for all individual creteristics that are time-invariant, even for

those that are not observed. In the aggregat@agipdescribed here, however, only the
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observed individual characteristics (e.g. incomge, aeducation, occupation, gender,

etcetera) can be controlled.

Another assumption is thaX, is a consistent estimator ¥ and thatlﬁtk is

sufficiently large. This requires that the sampedito calculat@A(tk is representative of
the population in that county and year. Since #ample is taken at a particular date
within the year, it is necessary to assume thﬁ; is roughly constant during the year.

Note that in this chapter income adjusted by thmaber of household members is used as
one of the regressors. ThusXif represents the yearly average, it is implicitlglased

that the probabilities of death and birth do natwvaver the year as much as to make the

estimatorX, inconsistent.

3.5 Data
This chapter combines the crude mortality rate isfridt obtained from Life

Statistic of Department of Health of Taiwan and fhdividual socioeconomic data
obtained from Family Income and Expenditure Suiteegreate a panel data set at district
level. The definition of crude mortality rate isethproportion of total deaths per 1000
people in a year. It is accurate statistic datantepl by hospitals. Family Income and
Expenditure Survey is a large survey which has lmemucted every year since 1974.
The purpose of Family Income and Expenditure Suisdg analyse family’s income and
consumption structure. It comprises detailed infation: 1. the socioeconomic status of
the head of household; 2. the socioeconomic stdtirecome earners; 3. income pattern;

4. distributions of disposable income, final congtion, expenditure, and saving; 5. the

41



changes in financial assets and liabilities; 6edixcapital consumption and gross capital

formations of family and small scale unincorporageterprise operated by family.

The number of household samples drawn from eadhadisvas proportional to
its population size. The number of households éngtlrvey varies from year to year. The
smallest total sample size, in terms of househdd8033 in 1977 and the largest one is
16435 in every year from 1983 to 1994. The Farmmyolme Expenditure Survey contains
data on the members of each household. The smaigdtsample size, in terms of

number of individuals, is 47411 in 2004 and thgdst one is 77393 in 1983.

Total districts in Taiwan now are twenty three. Shgwenty-three districts
include sixteen counties, five cities, and two neipdlities governed directly under the
jurisdiction of the Central Government (Taipei capd Kaohsiung city). However, the
created panel data set is unbalanced becausewhkezeonly twenty-one counties before

1982°

The created panel data set comprises 29 yearsifé@ithto 2004 and 23 counties.
The total observations are 655 (23 districts miigiib by 29 years but subtracting 12
observations which are missing because two disthietve no data from 1976 to 1981).
The dependent variable is the number of deathd @0 people so that it ranges between
0 and 1000 instead of between 0 and 1. The econicnagtproach here does not take
explicitly into account that the dependent varialdebounded. However, it is not a
problem because none of fitted values violated tlgriction (the fitted values for the
regression shown in Table 3-6 varied between 4B @92, with mean 5.827). Two

explanatory variables, the mean of log of dispas@itome and the long-run mean of log

° These two extra districts are Hsinchu city anda@hgity, which were two towns that belonged to
Hsinchu county and Chiayi county originally. Becadise population in these two cities grew, they
were upgraded to the same level as county. Roubisiyychu county and Chiayi county maintain
the same scale of territory.
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disposable income, are concerned in testing thelatesincome hypothesis and Gini
coefficient is used to test the income inequaligppdthesis®. If the mean of log of
disposable income or the long-run mean of log diapte income has a negative and
significant effect on crude mortality rate, the @bge income hypothesis will be
supported. Similarly, the income inequality hypatkewill be supported if Gini
coefficient has a positive and significant effeet orude mortality rate. The three
concerned explanatory variables in the panel dett@are produced from individual data.
Income refers to disposable household income atichdhl level divided by two income

equivalent scales. One is the number of memberthenhousehold, named income

equivalent scale 1, and the other one is as theuer (adult+ 05xchildren®,

named income equivalent scale 2.

The other explanatory variables in the created |piata set are: age, age squared,
gender, 5 variables of educational achievement, 7andriables for occupation. Those
variables are the districts’ means which are coegbfriom individual data. Therefore, the
dummy variables of gender, education achievement, accupation in individual data

transform into the numerical variables in the cedgianel data set.

In the individual data, education is categorizetb i groups according to the
number of years enrolled at school and occupatitm groups according to the type of
job. The five groups in education are less thaiilifefacy), 1-6 (primary school), 7-9
(junior high school), 10-12 (senior high schoolhdamore than 12 (university and
postgraduate). Note that these variables enteintfigidual level Eq. (3.5) as dummy
variables, which imply that they enter Eq. (3.7)pasportions. Because the sum of these

proportions equals one, only four of them are idetl in the model. With respect to

19 Gini coefficient at county level is not availabifeFamily Income and Expenditure Survey. It is
computed in stata according to the formula of Goefficient.
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occupation, the seven groups are: 1. Professiohaldlerks, 3. Technicians and associate
professionals, 4. Service workers, shop and madkies workers, 5. Agricultural, animal,
husbandry, forestry, and fishing workers, 6. Prodomachine operators and related

workers, 7. Unemployed.

These occupation variables are denoted from oacwtdu?7. Of course, the sum
of these seven variables equals to one too, so ®mlfythem enter the regression. The
definition of household disposable income is tatateipts minus non-consumption
expenditure.’* Further, the household disposable income is dividey two
aforementioned income scales to obtain the indaliddisposable income. We then
calculate the average of individual disposable imeand individual disposable income

squared as explained near to Eq. (3.7).

Table 3-3 is a statistical description of creatatgd data set. The definition of
variables is displayed in Table A-1. The averagetatity rate at county level is 0.58%.
The average log income of all counties across 29syis between 11.46 and 11.74 which
approximate to NT$94,700 and NT$125,300 respegtivide Gini coefficient is between
0.258 and 0.282. The average log income of couiviget by equivalence scale 2 is
bigger than by equivalence scale 1 whereas Ginfficemt calculated by scale 2 is
smaller than by scale 1. This is different from singument of some literature that average
income has a positive relationship with Gini coméfnt. The reason causing this
circumstance is the weight of children in the eglénce scale. In scale 1 the weight of
children is 1 which is the same as that of aduliemas it is 0.5 in scale 2. Meanwhile,
this circumstance reflects that high income houkkshoight have fewer children than

low income households.

M Total receipts include six terms. They are compgos of employees, entrepreneurial income,
property income, imputed rent income, current ti@meeceipts, and miscellaneous receipts. The
non-consumption is composed of interest and cutransfer expenditures.
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Table3-3 Summary Statistics (N=23, T=:

Variable Mean Std. Dev. Min. Max.

Deaths per 1000 people 5.827 1.39 1.88 10.2
Mean of log disposable

! 7 11.457 0.745 9.672 12.755
Income

Mean of square log 44, gq 16.797 93.855 162.932
disposable income'1

Gini coefficient 1 0.282 0.026 0.218 0.388
Mean of log disposable 4, -, 0.702 10.021 12.948
income 2

Mean of square log ;54577 16.232 100.65 167.879
disposable income'2

Gini coefficient 27 0.258 0.028 0.189 0.375
Age 30.894 4211 21.065 41513
Gender 0.505 0.01 0.46 0.562
Edu 1(less than 1 year) 0.186 0.044 0.081 0.303
Edu 2(1 - 6 years) 0.346 0.068 0.189 0.533
Edu 3(7 — 9 years) 0.166 0.018 0.117 0.25
Edu 4(10 — 12 years) 0.197 0.051 0.065 0.299
Edu 5(More than 12 years) 0.104 0.063 0.018 0.366
Occul 0.026 0.011 0.005 0.071
Occu? 0.031 0.029 0 0.14
Occu3 0.049 0.02 0.011 0.128
Occu4 0.079 0.019 0.036 0.148
Occus 0.09 0.076 0.0002 0.304
Occu6 0.146 0.04 0.024 0.244
Occu? 0.58 0.042 0.46 0.719
Long-run ‘mean of Gini 4 56, 0.015 0.263 0.3
coefficient 1

Long-run ‘mean of Gini ; ,5g 0.017 0.236 0.32
coefficient 2

Long-run ‘mean of log  ;; 57 0.174 11.251 11.856
disposable income'1

Long-run ‘mean of log 4 2, 0.172 11.525 12.129

disposable income'

t Variables are generated by income equivaleneskal
t1 Variables are generated by income equivaleme &ca

Table 3-4 shows the average Gini coefficient inhedistrict over 29 years. The
variation in each district over 29 years is smale range of standard deviation is
between 0.012 and 0.035. Kaohsiung city and Tadgigi which are the only two
municipalities directly under the jurisdiction dfet Central Government have the smallest
and the largest fluctuation of Gini coefficient.bl@3-5 shows the county Gini coefficient
and country Gini coefficient in each year.
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One thing worth to mention is the correlation betwéhe average income and
Gini coefficient. If both variables have a high iedation, the tests of the absolute income
effect and the income inequality effect would héae power. It may not be possible to
disentangle the two income hypotheses separatelyeker, this problem does not arise
here because the correlation coefficients are ®d @.2 for the two alternative

equivalence scales use in this chapter.

Table3-4 The mean of Gini coefficient in each dist

District Mean [Std. Dev.] District Mean [Std. Dev.]
Taipei County 0.275[0.017] Pingtung County 0.20082]
Yilan County 0.278[0.024] Taitung County 0.306083]

Taoyuan County 0.267 [0.013] Hualien County 0.31.022]
Hsinchu County 0.265[0.015] Penghu County 0.30a32]
Miaoli County 0.267 [0.05] Keelung City 0.271 [02)2
Taichung County 0.269[0.02] Taichung City 0.280p1]
Changhua County 0.28 [0.014] Tainan City 0.27716]0
Natou County 0.298 [0.019] Kaohsiung City 0.27®2]
Yunlin County 0.276 [0.024] Taipei City 0.294 [08]3
Chiayi County 0.289 [0.017] Hsinchu City 0.321 PO
Tainan County 0.28 [0.02] Chiayi City 0.307 [0.02]
Kaohsiung County 0.273 [0.014]
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Table3-5 The county Gini coefficient and Country Gini coeiéint in each ye'?

o Year | 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985

Max 0.335 0.337 0.334 0.312 0.323 0.356 0.342 0.341 0.347  0.355

Min 0.237 0.219 0.252 0.25 0.233 0.238 0.235 0.254 0.245  0.254

Mean 0.264 0.27 0.283 0.281 0.272 0.276 0.284 0.28 0.287  0.292

(S.D) (0.025)  (0.026) (0.022)  (0.019)  (0.019)  (0.023) (0.024)  (0.021)  (0.023) (0.025)

County 21 21 21 21 21 21 23 23 23 23

sample

g‘i’n‘f“"y 0.28 0.284 0.287 0.285 0.278 0.281 0.283 0.287 70.28 0.291
Year

i 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995

Max 0.373 0.345 0.351 0.345 0.363 0.342 0.329 0.338 0.355  0.324

Min 0.246 0.247 0.253 0.251 0.25 0.257 0.257 0.261 0.259  0.242

Mean 0.292 0.287 0.291 0.294 0.29 0.291 0.292 0.298 029  0.278

(S.D) (0.033)  (0.022) (0.027)  (0.026)  (0.03) (0.024)  (0.022)  (0.022)  (0.023) (0.024)

County 23 23 23 23 23 23 23 23 23 23

sample

g‘i’n‘?”try 0.296 0.299 0.303 0.303 0.312 0.308 0.312 0.315  180.3 0.317
Year

o 1996 1997 1998 1999 2000 2001 2002 2003 2004

Max 0.331 0.33 0.322 0.344 0.352 0.35 0.367 0376 .37®

Min 0.248 0.246 0.231 0.233 0.241 0.261 0.259 0.239 0.242

Mean 0.279 0.277 0.277 0.277 0.28 0.297 0.294 0.289 0.283

(S.D) (0.024)  (0.021) (0.023)  (0.028)  (0.032)  (0.026) (0.028)  (0.033)  (0.033)

County 23 23 23 23 23 23 23 23 23

sample

g?n‘:””y 0.317 0.32 0.324 0.325 0.326 0.35 0.345 0.343 0.338

2 The county Gini coefficient is computed using theividual disposable income whereas the countnyi Goefficient is computed using the
household disposable income.
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3.6 Results

3.6.1 Fixed effects and random effects

Robust fixed effect estimation (Wooldridge, 2002¢tton 10.5.4)) allows for
heteroskedasticity and (intra-group) autocorretatiothe error terfii. Meanwhile, a
random-effects type estimation, using a robust [amjmn averaged method
(Wooldridge, 2002 (Section 10.4.2)) which assumedike the fixed effects, that the
time-invariant unobserved variables are uncorrdlatgh the explanatory variables is
also presented. The robust fixed effects estimatitows for heteroskedasticity and
autocorrelation in the error term. Results are shawTable 3-6. The results with
random and fixed effects are similar except for tezupational variable. This
similarity implies that time-invariant omitted dat@nants of health, which are

captured in the individual effect, are not muchrelated with the included regressors.

None of the income variables are individually sfigaint. The joint F-test of
mean of log disposable income and its square teafsd insignificant at the 5% level.
Neither is the F-test significant which is implerrezhon the three income variables:
mean of log disposable income, its square term, @md coefficient. Thus, no
evidence is found for either the absolute or incameguality hypotheses. However,
an education variable (Edu5) is significant at al&%&l. This is individuals with more
than 12 years of education have a lower probabiftglying (holding other things

constant).

3 The residuals from the regressions in Table 3-7indeed show positive and significant
autocorrelation. A negative correlation coefficienight be indicative of selective mortality.
This implies that after negative shock to the Heafta county (i.e. a strong flu epidemic) only
the stronger individuals remain. If so, the motyalate in the following period will be smaller,
because the remaining individuals are stronger.a¥aw | can rule out that there is significant
selective mortality because the first autoregressiwefficient is estimated to be 0.17 (not
negative). The positive autocorrelation might bterpreted as omitted regressors that are
positively correlated over time. For example, onald think of health care infrastructure such
as number of hospitals or doctors.
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In particular, the probability of dying for an imttlual with more than 12
years of education is between 0.56% and 0.59% emigan the probability for an
individual whose education level is less than os&ryHowever, in the random effect
model, individuals who are professionals have &dngrobability of dying and the
probability of dying is 0.68% higher for professids compared to individuals who

are unemployed when the other variables are helgtant.

Table 3-6 Robust estimation with income equivasate 1.

Fixed Effects Population Averaged
Coef Robust Coef Semi-robust

' Std. Err. ' Std. Err.
Mean of log disposable income -1.591 1.276 -1.639 242
Mean of square log disposablg ,gq 0.064 0.092 0.063
income
Gini coefficient 0.246 0.213 0.193 0.957
Age -0.394 0.213 -0.393 0.204
Square of age 0.007* 0.003 0.007** 0.003
Gender 1.617 2.498 1.627 2.482
Education
Edu 2(1 - 6 years) -1.646 1.278 -1.552 1.187
Edu 3(7 — 9 years) 1.049 2.397 1.336 2.226
Edu 4(10 — 12 years) -0.346 1.969 -0.104 1.878
Edu 5(More than 12 years) -5.729** 1.806 -6.044* 741
Occupatioft!
Occul 6.512 3.295 6.706* 3.149
Occu2 -0.915 2.587 -1.351 2.527
Occu3 0.145 3.144 -0.416 3.05
Occu4 -1.616 1.771 -1.887 1.725
Occub5 -1.03 1.339 -0.586 1.292
Occub 2.378 2.048 1.67 1.871
Constant 14.841 7.387 14.896* 7.229
R 0.47 -
N 655

T The equivalent scale is the number of househelchbers.

Tt Occul: professionals; Occu2: clerks; Occu3: nimtéins and associate professionals;
Occu4: service workers, shop and market sales wsrk®ccu5: agricultural, animal,
husbandry, forestry, and fishing workers; Occu6odpict machine operators and related
workers. The comparative group is unemployment.

* significant at 5% level; ** significant at 1% leV

As expected, age appears as a significant detenofathe probability of
dying. The relationship is nonlinear and the tugnioint of age is 28. An increase of

age induces a decrease in the individual probghlitdying before the age of 28.
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After this age, the relationship becomes positidewever, there is no significant
evidence for the effect of gender. Table 3-7 shtves results are similar when the

income equivalent scale 1 is replaced by incomévatpnt scale 2.

Table 3-7 Robust estimation with income equivaiate 2.

Fixed Effects Population Averaged

Robust Semi-robust

Coef. Std. Err. Coef, Std. Err.
Mean of log disposable income -1.251 1.389 -1.291 354
Mean of square log disposablg, 57, 0.067 0.073 0.066
income
Gini coefficient 0.036 1.055 -0.007 0.991
Age -0.394 0.214 -0.393 0.204
Square of age 0.007* 0.003 0.007** 0.003
Gender 1.703 2.485 1.714 2.47
Education
Edu 2(1 - 6 years) -1.627 1.313 -1.534 1.213
Edu 3(7 — 9 years) 1.029 2.395 1.309 2.227
Edu 4(10 — 12 years) -0.31 2.018 -0.066 1.927
Edu 5(More than 12 years) -5.562** 1.824 -5.874* 718
Occupationtt
Occul 6.574 3.319 6.767* 3.171
Occu?2 -0.525 2.565 -0.948 2.513
Occu3 0.195 3.126 -0.366 3.032
Occu4 -1.518 1.754 -1.789 1.711
Occub -0.991 1.335 -0.546 1.291
Occub 2.312 2.065 1.607 1.883
Constant 13.081 8.119 13.087 7.969
R 0.47 -
N 655

t The formula of equivalent scale is (number oflaél®.5* number of childrefy.

1 Occul: professionals; Occu2: clerks; Occu3: technicians and associate professionals;
Occu4: service workers, shop and market sales w&rk®ccub: agricultural, animal,
husbandry, forestry, and fishing workers; Occu6odpict machine operators and related
workers. The comparative group is unemployment.

* significant at 5% level; ** significant at 1% lel/

The results presented in fix-effects and randoreetsf estimation are similar
and the Hausman tésindicates that two estimations are consistentcvimplies the
omitted variables are uncorrelated to the regressoithe estimation. It means the

unobserved county characteristics are uncorrel@e/erage income level, average

“ The Hausman test is implemented under fixed-effecid population averaged estimations
without robust standard error. The null hypotheisistwo estimations are all consistent
estimations whereas the alternative is only fixé#dets estimation is consistent.

50



age of residence, Gini coefficient, gender proportiaverage education level, and

industrial property.

Finally, the estimated coefficient on the Gini isnsitive to the different
equivalence scales as can be seen in Table 3-Gabld 3-7. Evidence that the Gini
coefficient is sensitive to income equivalence egatas also been found in other
studies (Buhmann et al., 1988; Coulter et al., 192%cual et al., 2005). The main
difference between the two equivalence scales usedis chapter is the financial
weight placed on children in the household. In galhea good equivalence scale
should reflect both economies of size and diffeesnm household characteristics
such as location and age and health of memberdtéCai al, 1992). Coulter et al.
(1992) also suggest that a household with thredtsadioes not have the same
financial demands as a household with one mothdr tawo children. It may be
preferable to use an equivalence scale that teshités and children differently, thus,
the results presented in Table 3-7 may be moreogppte than those shown in Table

3-6.
3.6.2 Robustness checks

3.6.2.1 Theeffect of long-run income and long-run income inequality

It is plausible that income and income inequaligvén a lagged effect on
health. For example, people being poor during bloitdl might have a higher
probability to suffer from worse health status iheit adulthood because of
malnutrition and other reasons. Income inequalitygy naffect the health in the
following periods through social status, for exaepsocial stability. Taking these
factors into consideration, the long-run log incowaiable and long-run Gini
coefficient which are the mean of log income andi@oefficient across the time

span of the dataare created. Since these two created variabldfnaén-variant, the

!> There are 23 districts in the data set. Hence,dlbeervations of long-run log income
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Hausman and Taylor (HT) estimatiBis used and the result is shown in Table 3-8.
The HT method allows us to estimate the impactoétinvariant regressors that are
correlated with the individual effect. This contsawith fixed effect estimation, which
does not allow for time-invariant regressors. Toabé& to carry out HT estimation,
we need to decide which regressors are potentalyelated with the individual
effect (these are called endogenous) and which @mesnot (these are called
exogenous). In the HT method, several instrumets be created from each
exogenous regressor, by exploiting the time vamatj\WWooldridge, 2002 (Section
11.4)). Here the emphasis is in allowing long-rad ahort-run disposable income to
be correlated with the individual effect (i.e. egdnous). Table 3-8 presents the

results for all types of regressors.

For both equivalence scales, age, age square Etuh, and Occul are all
individually significant at 1% and 5% respectivatfereas the log income and its
square term are not significant at 5% level. Thsult is similar to those in Table 3-6
and Table 3-7. However, long-run Gini has a sigaifitly positive effect on crude
mortality but long-run income has a significantlggative effect. When the long-run
mean of Gini coefficient increases 1 unit, the pitality of dying will increase 3.6%
for 4.1%, holding other variables constant. Whanltmg-run mean of log disposable
income increases 1 unit, the probability of dyingl weduce 0.26% for 0.27%,
holding other variables constant. Furthermore, dmposable income and its square
term are jointly significant, though their separatetest cannot reject the null

hypothesis.

variable are 655 but they only have 23 values.

® Hausman and Taylor estimation requests that akklsamust start at the same period. There
are two countries in the dataset which start froen®' period. | drop these two counties from
the dataset because only 46 observations are reimtvihe initial 6 periods of 21 counties
were removed instead, the number of removed obsengavould amount to 126.
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Table 3-8 Hausman and Taylor Estimation

Income equivalent scale 1 Income equivalent scale 2

Coef. Std. Err Coef. Std. Err
Time variant exogenous
Gini coefficient 0.394 0.814 0.235 0.816
Age -0.342** 0.117 -0.346** 0.117
Square of age 0.006** 0.001 0.007** 0.001
Gender 1.593 1.715 1.671 1.718
Education
Edu 2(1 - 6 years) -1.21 1.166 -1.154 1.168
Edu 3(7 — 9 years) 0.84 1.622 0.838 1.626
Edu 4(10 — 12 years) 0.167 1.579 0.289 1.601
Edu 5(More than 12 years) -5.071* 1.698 -4.906** .694
Occupationh
Occul 7.429* 3.014 7.408* 3.022
Occu?2 -2.524 2.073 -2.053 2.064
Occu3 -2.824 2.271 -2.677 2.273
Occu4 -1.778 1.601 -1.664 1.603
Occu5 -1.003 0.874 -1.011 0.876
Occub 1.245 1.311 1.25 1.316
Time variant endogenous
Mean of log disposable ; ;44 1.046 -1.039 1.157
income
Mean of square log disposablg, 77 0.049 0.059 0.052
income
Timeinvariant exogenous
Long-run mean of Gini 41.146** 9.707 35.618** 9.091
Timeinvariant endogenous
59”9'“’” mean  of 109, 57 0.904 -2.744% 0.923

isposable income

Constant 30.94 12.465 34.345 13.091
Wald chf 1863.9 1856.39
N 609

1 Occul: professionals; Occu2: clerks; Occu3: technicians and associate professionals; Occu4:
service workers, shop and market sales workersu®cagricultural, animal, husbandry,
forestry, and fishing workers; Occu6: product maehbperators and related workers. The
comparative group is unemployment.

* significant at 5% level; ** significant at 1% leV

3.6.2.2 Thetransmission channel from income and incomeinequality to health.
Education is always a factor considered in theditge of income inequality.
Education is a determinant of the earning distidsuand the earning distribution is
one of the components in the income distributiomniLand Levison, 1992; De
Gregorio and Lee, 1999; Checchi, 2001). Thus, ddutaias a direct effect on
income and income inequality. On the other handsic&tion also correlates with
occupation. Martins and Pereira (2004) find thath& higher skilled worker group,

individuals with higher education attainment getgh@r educational returns.
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Furthermore, it is possible that education and patan are the main channels
through which income and income inequality affeetalth. In addition, although
income shocks will lead to changes in educatioe, l#tter is likely to have only a
long-run impact on regional incomes. Thus, on tssumption that the fixed effects
will capture the long-run effect of education, owmeuld consider leaving the

educational variables out of the regression. Thighown in Table 3-9.

Table 3-9 shows that age and its square term gnéisant at 1% level. The
mean of log disposable income and its square teenstdl not significant at 5% level
respectively. However, the collinearity betweensthéwo variables might affect the
precision of estimates. Thus, the joint test edulkero is credible as the evidence
against the absolute income hypothesis. The Ffmstoint significant of both

variables rejects the null hypothesis at 5% comfidievel.

After the robustness checks we can confirm thateffects of age and Edu5
on crude mortality are significant. Age has a nudir association with crude
mortality rate and the effect of education is cehémwith a large body of literature

which supports that the educational attendance lpasitive association with health.

However, even though we found before that the thire@me-related
variables were jointly non-significant, we now fildat they are significant. The
Hausman-Taylor estimation shows that not only lang-income is significant, but
also current income and its square are jointlyigant (although not individually).
The Gini coefficient does not appear to be sigaiiicin any of these estimations, and
the reason for this might be the low power of tlignificance test due to high
correlation between the income-related variableswéver, the pairwise correlation
coefficient of income relevant variables is notgkf. Thus, this reason could be

excluded. Finally, the occupational effect is amioigs.

" The correlation coefficient between Gini and Ieme) and [In(incoméej]calculated by
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Table 3-9 Robust estimation with fixed effects

Equivalent Scale 1 Equivalent Scale 2
Robust Robust Std.

Coef, Std. Err. Coef. Err.
Mean of log disposable income -0.618 1.269 -0.319 .374
Mean of square log disposablg, ,,; 0.063 0.032 0.066
income
Gini coefficient 0.314 1.131 0.053 1.176
Age -0.511** 0.16 -0.505** 0.159
Square of age 0.008** 0.002 0.008** 0.002
Gender 1.561 2.321 1.654 2.301
Occupatioft!
Occul 0.745 3.394 0.95 3.41
Occu2 -3.143 2.475 -2.833 2.399
Occu3 -2.366 2.967 -2.27 2.936
Occu4 -1.283 1.834 -1.215 1.807
Occu5 -0.757 1.237 -0.736 1.223
Occub 4,519 2.364 4.387 2.388
Constant 10.205 7.51 8.431 8.248
R 0.367 0.369
N 655

T The equivalent scale is the number of househ@dhbers. Equivalent scale 2 is (number of
adult + 0.5* number of childreffY.

11 Occul: professionals; Occu2: clerks; Occu3: technicians and associate professionals;
Occu4: service workers, shop and market sales wsrk®ccu5: agricultural, animal,
husbandry, forestry, and fishing workers; Occu6odpict machine operators and related
workers. The comparative group is unemployment.

* significant at 5% level; ** significant at 1% leV/

3.6.23 Nonlinear check of incomeinequality on mortality

Some literature has provided the evidence thatefagionship between health
outcome and income is nonlinear. The same arguo@nbe applied in the case of
income inequality. After taking the possible noehin effect of income inequality on
mortality into consideration, | cut Gini variablaeto 4 quartiles according to the
ranking of Gini coefficient. Ginil is assigned tdf the county’'s Gini coefficient is in
bottom quartile and O, otherwise. Gini2 is assigriedl if the county’s Gini

coefficient is in the range between 25% and 50%th@rwise. Gini3 is assigned to 1

equivalent scale lis 0.1226 and 0.1248, respeytifdle correlation coefficient is 0.312 and
0.3156, respectively, when the three variablesaleulated by equivalent scale 2. Meanwhile,
we also drop [In(incomée)]from regression, and the Gini coefficient is pesitbut not
significant at 5% level. Further, we drop In(incgnaad its square term from regression, Gini
still remains positive but not significant at 5%dé
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if the county’s Gini coefficient is in the rangetiveen 50% and 75%; O otherwise.
Gini4 is assigned to 1 if the county’'s Gini coeiffiat is in upper quartile and O,
otherwise. Only Gini2, Gini3, and Gini4 enter tlegressions. The results are shown
in Table 3-10 and Table 3-11. In both tables, tihad Gummies are not significant at

5% level and the other results are similar to thoskeable 3-6 and Table 3-7.

Table 3-10 Robust estimation with income equivassate 1t

Fixed Effects Population Averaged

Robust Semi-robust

Coef. Std. Err. Coef, Std. Err.
Mean of log disposable income -1.542 1.193 -1.576 .182
Mean of square log dlsposabl%.087 0.06 0.09 0.059
income
Gini dummy
Gini2 -0.064 0.039 -0.068 0.038
Gini3 0.063 0.06 0.06 0.058
Gini4 0.031 0.068 0.03 0.065
Age -0.397 0.211 -0.396 0.205
Square of age 0.007* 0.003 0.007** 0.003
Gender 1.515 2.45 1.511 2.467
Education
Edu 2(1 - 6 years) -1.587 1.159 -1.497 1.087
Edu 3(7 — 9 years) 0.856 2.329 1.13 2.203
Edu 4(10 — 12 years) -0.154 1.901 0.087 1.839
Edu 5(More than 12 years) -5.698** 1.642 -6.017* 619
Occupationtt
Occul 6.411 3.135 6.606* 3.04
Occu2 -1.135 2.413 -1.551 2.406
Occu3 -0.219 2.998 -0.778 2.97
Occu4 -1.969 1.734 -2.248 1.721
Occub -0.985 1.314 -0.545 1.291
Occub 2.409 2.031 1.707 1.888
Constant 14.66 7.035 14.633 6.991
R 0.48 -
N 655

t The formula of equivalent scale is (number ofiaél®.5* number of childrefy.

11 Occul: professionals; Occu2: clerks; Occu3: technicians and associate professionals;
Occu4: service workers, shop and market sales wsrk®ccu5: agricultural, animal,
husbandry, forestry, and fishing workers; Occu6odpict machine operators and related
workers. The comparative group is unemployment.

* significant at 5% level; ** significant at 1% lel/
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Table 3-11 Robust estimation with income equivateaie 2

Fixed Effects Population Averaged

Robust Semi-robust

Coef. Std. Err. Coef, Std. Err.
Mean of log disposable income -1.173 1.334 -1.197  .323
Mean of square log disposablg, ;g7 0.065 0.069 0.064
income
Gini dummy
Gini2 -0.037 0.039 -0.043 0.037
Gini3 0.059 0.066 0.056 0.063
Gini4 0.06 0.079 0.057 0.075
Age -0.406 0.216 -0.404 0.209
Square of age 0.007* 0.003 0.007** 0.003
Gender 1.545 2.454 1.545 2.476
Education
Edu 2(1 - 6 years) -1.688 1.225 -1.603 1.154
Edu 3(7 — 9 years) 1.097 2.34 1.373 2.215
Edu 4(10 — 12 years) -0.194 1.949 0.056 1.885
Edu 5(More than 12 years) -5.59%* 1.769 -5.924* 731
Occupationtt
Occul 6.55 3.218 6.769* 3.115
Occu?2 -0.583 2.415 -0.993 2.409
Occu3 0.152 3.003 -0.404 2.966
Occu4 -1.725 1.704 -2.006 1.683
Occub -0.934 1.333 -0.482 1.307
Occub 2.534 2.101 1.819 1.955
Constant 12.891 7.848 12.798 7.827
R 0.48 -
N 655

t The formula of equivalent scale is (number oflaél®.5* number of childrefy.

1 Occul: professionals; Occu2: clerks; Occu3: technicians and associate professionals;
Occu4: service workers, shop and market sales w&rk®ccub: agricultural, animal,
husbandry, forestry, and fishing workers; Occu6odpict machine operators and related
workers. The comparative group is unemployment.

* significant at 5% level; ** significant at 1% leV/

3.7 Conclusion

This chapter concerns the socioeconomic deterngnahtmortality, with a
particular focus on the absolute income and incamegquality hypotheses, using a
novel approach to avoid aggregation bias. Followiag recent strand of
epidemiological literature (Sheppard and Prentt@95; Salway and Wakefield,
2005), | combined individual level data on incomedaother socio-economic
characteristics with aggregate data on mortalityhew compared with using

individual-level data for both mortality and regsess, the proposed approach has the
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disadvantage that it cannot control for unobsertiete-invariant characteristics.

However, it has an advantage over the aggregathestthat have neglected non-
linear links at the individual-level data model.eThvidence is found to support the
absolute income hypothesis and the income ineguhjipotheses in Taiwan. This
result is partially consistent with the findings ©hiang (1999). However, the long-
run Gini and long-run income has a significantlfeef on health rather than current
Gini coefficient and income. One plausible expl@ratfor this result is little cross-

section variation in income variable and Gini cmééht at county level. The results
also confirm the positive effects of education lba health of individuals whereas the
evidence on occupational effects on health is authig. In addition, | also use
different income equivalent scales and find thaisinot a sensitive factor in our

analysis.

An important issue which is not dealt with in thikapter due to data
limitation is age factor because detrended agereyscorrelated with life expectancy
and other health measures. | will leave this issuehe future research. Future
research might also estimate the impact of incameguality on groups of different

income or educational level.
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Chapter 4. The health income relationship of the elderly population in

Taiwan

4.1 Introduction

The influence of income on health status attrabis interest of some
researchers. However, there are no consistent u@onk concerning the income
hypotheses, especially the absolute income hypstlesd the income inequality
hypothesis. A large literature claims income inditpaeplaces absolute income as
the significant determinant of health in the depel countries. Absolute income is
only more influential in the developing countriédthough the nonlinear association
between income and health is usually presumedenrdgression analyses, very few
studies delve into the relationship between incame health and the conclusions are
mixed. The studies which do not provide the eviéehar the absolute income
hypothesis usually ignore the relationship betw@eome and health. However, it is

also the case even with studies that support thelate income hypothesis.

Understanding the relationship between income aadtth can not only shed
light on income-related health inequality, but gisovide a strong basis for the test of
health income hypotheses. Furthermore, it is ablprovide a blueprint for policy
makers. For instance, if the relationship is linehe policy of income redistribution
would not have a significant effect on improving tverage health status of society.
The average health status of a whole society resr@instant when the income flows
from high tail to low tail of income distributiorHowever, if the relationship is
nonlinear, policies can focus on the disadvantagredips to promote the average
health status. On the other hand, the relationbkigveen income and health can
disentangle whether the conclusions of the heattbme hypotheses test are artificial

owing to the aggregate bias (Gravelle et al., 2@@Zpnvincing.
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The literature investigating the health income trefeship usually employs
parametric estimations, particularly, Probit formdathe quadratic form. It will
produce exact estimators if the functional formted conditional mean is known. If
the function form of the conditional mean is notmifast, misspecification will
generate incorrect estimators. In practice, thectfanal form is usually unknown.
Nonparametric estimations are another option foercwming the problem of
misspecification, they can help detect subtle chang the health income relationship
as income varies, which reveals more detailed m&bion of income related health

inequality. Though in this case there does not appear to liersgtic changes

in the relationship across income levels.

Nonparametric kernel regression and two semi-par&nestimations,
partially linear regression and single index regias are used in this chapter to
investigate the health income relationship usingramm{household) data. Meanwhile,
the health income relationship in the top quartdettom quartile, and middle two
quartiles of income distribution is estimated taerstand the relationship at different
income levels. Finally, the model specificationttpsoposed by Li and Racine is
implemented to diagnose whether the parametric rqtiadfiorm and cubic form in
terms of income are a properly parametric modetléscribe the nonlinear health
income relationship. The average derivative estinsaproduced only by semi-
parametric single index model are directly compratp those produced by

parametric Probit and Ordinary Least Square esitmst

This chapter is organised as follows. Section 2ec®vhe literature review
and motivation. Section 3 provides the data intotidm. Section 4 implements
nonparametric kernel regression and section 5 igotdd to semi-parametric

regression. Section 6 constitutes the conclusion.
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4.2 Previous Studies and Motivation

4.2.1 Previous Studies

In previous studies, different methods were usedstamate the relationship
between health and income whether with macro-lde¢h or with micro-level data.
The measures of health and income also influenegdbults. Preston (1975) shows
the concave pattern between life expectancy ah laind national income per head
using international analysis. The life expectanagve rises more steeply in the lower
range of national income than in the higher raiggional income does not seem a
determinant of life expectancy in developed coestrA number of later studies using
aggregate data claim income distribution becomesoee crucial determinant than
income once countries become affluent. Hence,dlaive income hypothesis attracts
more attention than the absolute income hypothédie studies advocating the
relative income hypothesis or income inequality dipesis claim that countries with
more egalitarian income distributions have loweratbderates (Rodgers, 1979;
Wilkinson, 1986, 1992a). However, Gravelle et ak0Qq2) mathematically
demonstrate that it cannot be inferred that incameguality or relative deprivation
affects individual mortality risk when the individumortality risk-income association
is nonlinear. At the time of writing, the debatesumnd these income hypotheses are

still going on.

In the past two decades, researchers turned tg uscro-data to analyse the
relationship between health and income rather thacro-data. The advantage of the
micro-level research is that it is able to avoid #ygregate problem caused by macro-
level data, especially income variables. Backlundale (1996) use the National
Longitudinal Mortality Study (NLMS) as well as ti@ox Proportional Hazards Model
to estimate the income-mortality gradient whichuasss income is a determinant of
mortality and it has a negative relationship witbrtality. Their conclusion posits that

the gradient is much smaller at high income levleé at low to moderate income
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levels amongst subjects of working age (25 to @&ts)e This circumstance also holds
in elderly populations even if the other socioecuitovariables have been controlled
for. However, the gradient is greater in the caswarking-age women at extreme
poverty levels compared with women in other incdmeels. The gradient is much
smaller in the elderly than in the working-age pgapan. However, Martikainen et al.,
(2001) using household income and the socio-dembgrdactors from the Finnish

tax authorities and from the 1990 census, findassociation between mortality and

income is nearly linear.

With respect to other health measures, Blaxter @L9%vestigates the
association between health and income and conclind¢she relationship between
income and health becomes apparent along thresradiff gradients. One is at levels
of extreme poverty; another is at low to moderatoine levels; and the other is at
high income levels. Fritzell et al. (2004) use Bwedish Living Condition Survey
and logistic regression including polynomial terraé income. The curvilinear
association between self-rated health and incormmevisaled in their analyses. Ecob
and Smith (1999) use the Health and Lifestyle Suf#ALS) conducted in England,
Scotland and Wales and the procedures generalizsat Inodel and logistic model to
estimate the association. They find that the aatioai between health and income is
approximately linear within the 10th and 90th petde distribution of income
whether or not controlling for socioeconomic vakésh Rahkonen et al. (2000) and
Rahkonen et al. (2002) use Finnish data and algpostithe more linear association
between health and income. Mackenbach et al. (2068)the data from nationally
representative health, level of living or similamngeys from Belgium, Denmark,
England, Finland, France, the Netherlands and Npmgawell as the techniques of
LOESS-function which is a locally weighted regressismoother and spline
regressions to conduct their analysis. They firat #n higher household equivalent

income is associated with better self-rated heatlttong men and women in all
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countries. In four countries (Belgium, Finland, tNetherlands, and Norway) the
gradient at the lower income level is steeper thara higher income level. In

summary, the conclusion concerning the nature efhalth income relationship is
different from country to country. Difference intdasets is also a determinant of the
conclusion. More and more studies tend to inditladé¢ micro-level data produces a

more precise health income relationship.

4.2.2 Moaotivation

Understanding the shape of the individual-levebeisgion between income
and health is important for several reasons. Firgan shed light on income-related
health inequality. If the association is stronglyvilinear, it is in the sense that health
declines much more rapidly at a lower income I¢kah that at a higher income level.
It implies that income has a direct correlationhwiealth. However, if the association
is more linear in nature, then health declines @restant rate with declining income.
Income may not have a direct correlation, but mathe indirect one with health
through subtle mechanisms, for example, behavioaral psychosocial factors.
Income may be just a proxy for other charactegstach as education levels and
occupational classes. The Whitehall study is actlpexample. Whitehall 1l Study
(2004) reveals the impact of socioeconomic staftes aontrolling for social class.
Senior civil servants have better health status thuior civil servants due to
decreased stress or greater achievements, instéadome per se. The correlation
also provides an insight for policy makers. Whemdksociation at individual levels is
strongly curvilinear, the problem of how to makeame distribution more equal is a
task for policy makers. A more equal distributiohimcome will raise the average

health status of the population in a given redfddowever, when the association is

18 |f the association between income and healthrisngty curvilinear, the marginal health
status at lower income levels is higher than th&igher income levels. Moving some income
from higher income levels to lower income leveldlncrease the average health status
because the marginal health status reducing aehigbome levels is less than that increasing
at lower income levels.

63



more linear, the income related health status diiduals in a region is like a zero-
sum game. The magnitude of health reduced by takitwme from the individuals at
high income level is equal to the magnitude of thesicreased by giving the income
to the individuals at lower income level. Undessthircumstance, the aggregate health
status will not change if income redistributionipils are implemented. Hence, the
question of how to break down the boundary betwsssmal or occupational classes,
how to increase income mobility, or how to religwental stress is a goal for policy
makers. Second, the association between healthnanche at individual level can
also provide an indication of whether the conclosianade by previous related
studies in the Taiwanese case in testing the veldiypothesis (or income inequality

hypothesis) are correct in terms of the aggregate

In the above studies, the authors use parametiimag®on to examine the
relationship between health and income. Under petidnestimation, the functional
form of the conditional mean is supposed to be knounfortunately, it is usually
unknown in practice. Nonparametric estimation retaxhe assumption that the
conditional mean function is known to avoid missfieation and it also can avoid
unobserved heterogeneity. Jones and Wildman (280f)oy parametric and semi-
parametric estimation to test the income effechealth using the British Household
Panel Survey (BHPS). They produce evidence thainmechas a strong impact on
self-reported health for men and women in theimpeatric estimation. They use a
semi-parametric partially-linear model which relsxéhe assumption of a specific
functional form of income and obtain robust evident support the relative

deprivation hypothesis.

This chapter estimates the shape of the relatipnbbiween income and
health by using nonparametric and semi-parameteihads applied to the Health and
Living Status of the Elderly in Taiwan (SHLE) comted in 1989 and 1996. The

average derivative estimator (ADE) is also estimhai® acquire the coefficient of
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income variable. Finally, the modelling test for nparametric and parametric
estimations is implemented to understand which atkik appropriate to fit the real
relationship. Understanding the relationship betwkealth and income can not only
provide insight for policy makers, but can alsorifjathe conclusions of related

studies using aggregate data.

4.3 Data

The data used in this chapter is from the Survepesdlth and Living Status
of the Elderly in Taiwan. This survey is designedoe a benchmark to measure the
future changes in health and living status of tlderty and provide a resource for a
number of descriptive and analytic studies of tlierty. Furthermore, it also sheds

light on health status of elderly people for poliogkers.

This survey comprises eight sections as followdviarital history and other
characteristics of background; 2. Household sclegdigcial and economic exchanges;
3. Health, health care utilization and behaviourQdcupational history; 5. Activities
and general attitudes; 6. Residence history; 7.n&wmac/financial wellbeing; 8.
Emotional and instrumental support. It contains aoly the significant historical
information with respect to marital status, empleythand retirement, and living
arrangement/residence, but also the informatiorthef exchanges in material and
emotional support between the elderly and otheilfamembers or friends. To this
end, detailed characteristics of all household me¥mland of close relations living
elsewhere are available. With respect to healtbrinétion, in addition to the level of
disability and illness, the questionnaire also eosns health care utilization in Taiwan
as well as a series of questions on health caravimlr including consumption of
alcoholic beverages, smoking and aspects of diseaon is devoted to the financial

status of the elderly, the source of their income ié&s adequacy, their asset structure,
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management of finances and whether the degree rdfotcover property and its

disposition is affected by concern about futurepsup

This survey is a panel survey including six wavesducted in 1989, 1993,
1996, 1999, 2003, and 2007. The samples are basedliwiduals aged 60 and older
and the 4,049 observations are included in theviiewe. In 1996, this survey added a
cohort of 50-66 year-olds to replenish in the ligfitattrition within the original
samples and added a further cohort of 50-56 yets-0l 2003. This data set possesses
the properties of cohort and panel data. In thaptdr, the first wave (1989) and the
third wave (1996) data are used because of datistency with the next chapter. In
this chapter, the focus is on the health incomatigiship in the elderly group.
Therefore, the age range of the samples in botfs yedhe analysis is between 60 and
80 years old. The total samples in both years 285 &nd 2170, respectively; the two
waves are pooled because the property of nonpaianestimation requires a large

sample to achieve a more precise result.

The chapter focuses on the relationships betwedassessed health status
(SAH), the mental health measurement designed byS-BE (Centre for
Epidemiological Studies — Depression), and lifeiséattion (LS) and income
respectively. In the health status questionnalre,duestion ‘In general, would you
say your health is excellent, very good, good, faimpoor?’ is used to determine self-
assessed health status and it converts to a dioovariable which is assigned 1 if
the responses are excellent and very good and lervase. Although the
measurement of self-assessed health status inutlreySof Health and Living Status
of the Elderly is not as detailed as that in Shkamtm 36 (SF-36), it is still a good
indicator of mortality and used in many studiesil{8ja et al., 2002; Soobader and

LeClere, 1999; Kennedy et al., 1998 and Kahn e2abO0).
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CES-D measures the degree of depression symptothsisas a numerical
scale between 0 and 30. There are 17 questionE8[Tin the survey of 1989 and
10 questions in the survey of 1996. In order to endkcomparable, ten identical
questions are selected from two waves. CES-D ca@priour domains, depressed
affect, somatic symptoms, positive effect and peesonal difficulties. Each question
has four options, never, barely, sometimes anduéetly and they are assigned the
score for 0, 1, 2 and 3 respectively (see Table).AMdter these questions are
summarized, a higher score indicates more depressiich also implies poorer
mental health generally. Ten questions are inclutledhe questionnaire on life
satisfaction. The responses are “Yes” and “No”. @hswer “Yes” is assigned 1 and 0,
otherwise (see Table A-5). The scale for life $atison is between O and 10. Life
satisfaction can also be regarded as a measurappfrtess (Layard et al. 2008). The
measure of depression focuses on the status adfisgoint (the current mental
status) whereas a longer time span (i.e. the casgraof current status with the past,
the evaluation of the whole life, and the expeotatdf future) is concerned in the

measure of life satisfaction in terms of time span.

With respect to the income variable, it is an catlitategorical variable in this
dataset. However, the income scales in the 19891896 questionnaires are not
identical. The income scale in the questionnair&3#9 is monthly income whereas it
is annual income in the questionnaire of 1996.riento simplify the analysis and
avoid the problem of income scales, interval regjoes is applied to obtain a
continuous income variable. Before implementingiivél regression, the sample is
partitioned into two sub-groups. One is the workgrgup and the other one is the
non-working group. The explanatory variables in therking group include age,
square of age, educational year, the number ofireni| dummy variables for marital
status, dummy variables for job type, dummy vagabfor income source (from

children and relations, from pension, and fromt,regain of investment, and gain of
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interest, and dummy variables for regions. Thelangiory variables in the non-
working group are the same as those in the worgiogp but dummy variables for
job type are dropped. The results of interval regign in 1989 and 1996 are shown in
Table A-6 and Table A-7. The predicted income hesnbchecked and no sample is

outside of its interval.

The regressors included in the estimations of ggErametric estimations are

gender, age, education year, and marital status.

Table 4-1 Summary Statistics for Pooled SHLE 19896

Variable Mean Std. Dev.
Self-Assessed Health (SAH) 0.623 0.485
Depression (CES-D) 6.479 4.596
Life Satisfaction (LS) 6.281 2.515
Income (in thousand) 14.693 14.731
Square of Income 432.848 1103.534
Working 0.29 0.454
Job Type
Farming 0.306 0.461
High Skill Worker 0.057 0.231
Senior Manager 0.168 0.374
Clerk 0.061 0.24
Sales Clerk 0.047 0.212
Craftsman 0.091 0.287
Semi-skill Worker 0.07 0.254
Service 0.129 0.336
Non-skill worker 0.067 0.25
Income Source
From Children and Relations 0.670 0.610
From Pension 0.354 0.724
From Rent, Investment Gain, 0.168 0.374
and Interest
Number of Children 4,596 2.182
Age 68.131 5.421
SeX 0.561 0.496
Education Year 4.116 4.39
Marital Status
Married 0.683 0.465
Divorced 0.027 0.162
Widowed 0.264 0.441
Single 0.025 0.158
Region
North 0.279 0.448
Middle 0.333 0.471
South 0.317 0.465
East 0.072 0.258
N=5405

t The mean gender dummy variable presents the giopof male.

68



Table 4-1 presents the summary statistics from wthie variables are used in
the estimations in this chapter. The mean of sdeased health is 0.623 which means
that 62.3% observers report their health statexaegllent or very good. The average
scale of depression and life satisfaction is 6.43@i@ts and 6.281 points respectively.
The monthly average income is NT$14,693 (New Tai®atiar)"®. The proportion of
working observations among the sample is 29%. Theralummies are transformed
to variables in proportion. For instance, 67%, 3.4and 16.8 % observations report
respectively that their income source is from aleildand relations, from pension, and
from rent, investment gain, and interest. Howetle, sum of these three variables is

more than 1. Some observations report that thegmive source is from more than one

source.
Table 4-2 Sample Cross Tabulation
LS
CESD 0 1 2 3 4 5
<6.479 9 40 112 215 242 279
>=6.479 34 149 189 222 178 223
Total 43 189 301 437 420 502
LS
CESD 6 7 8 9 10 Total
<6.479 381 589 625 627 234 3353
>=6.479 193 253 299 241 88 2069
Total 574 842 924 868 322 5422

Note: The mean scale of CES-D and LS is 6.479 a2gil&espectively.

Table 4-2 shows the cross-tabulation of samplerims$ of CES-D and LS. In
the table, the scale of 6.479 is the mean scaléE$-D. The relatively depressed
group is defined by the score which is above oraktpimean. Below the scale 5 of
life satisfaction, the relatively depressed obs#oma are more than counterpart.
When the scale of life satisfaction equals to 4nore, the observations are more in

the counterpart than in the relatively depressesumr When the scale of life

%1n 1989 1GBP was equal to NT$43.032 and it was42T&22 in 1996.
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satisfaction goes up, the number of observatiotisanelatively depressed group goes
down whereas the number of observations in thetegoart goes up. This indicates

that the relatively depressed people have lowerskttisfaction.

4.4 Econometric Frameworks

4.41 Nonparametric Kernel Regression

Regression methods model the expected behlavibuhe dependent
variabley given by a vector of covariates denotedkb¥hey not only help researchers
or policy makers to produce the predicted mean dfuy also to know how the
dependent variable responds to the change in on®e independent variables. The
widely applied parametric regressions include samknown parameters and the
functional form of the conditional mean is giverar Fexample, a model based on a
conditional meang(x, £), may be posited to be a linear or nonlinear fancsuch as
OLS and Probit. The is a vector of covariates apds a finite number of unknown
parameters. If the presumed function form is cayre parametric regressions will
produce precise estimators. However, in practites true functional form of
regression is rarely known. These parametric etibma may lead to the
inconsistence due to severe misspecification. Hemoeparametric regression is an

option to avoid this problem.

Nonparametric estimations do not require the prggiom of functional form
but some other presumptions such as smoothnessnmamdent conditions are
necessary. However, this does not come withoussa @his method requires a larger
sample size to achieve the same degree of predasiarncorrectly specified parametric
regression. Choosing between parametric and nomgdria estimations entails a

trade-off between large sample size and misspatiiic.

This chapter begins by considering the nonparametgression model as

41) Y=9g(X)+¢
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whereeg is the random error term and defirigs|x)=0. The sample realization¥, (X)

are i.i.d. In this chapteY and X are the measures of health status and income at
individual level, respectively. The(:) is the function of individual income which is
unspecified. Nonparametric regression analysis dsvdihe restrictions of any
parametric assumption on the regression functiod e aim is to produce a

reasonable approximation to the unknown respornsai@ng(:).

4.4.1.1 Kerne Density Estimation
The general form of for the kernel densityireator of a g-dimensional
variable x is
n n X —x

_ 1 i
42 f(x)_nti...hqiglK( h )

X: . XI -
where K( I ) =k( 1L Xl)x---xk(q—) and wherek(-) is a univariate

h n g

kernel function. Simplify Eq. (4.2) to univariaterkel density estimator and show in

Eq. (4.3).

(Xl - X

@3 =23k
ni=l

Eq. (4.3) reveals that the kernel density estimat@luated ak for a given
bandwidthh is simply a weighted average of the data and thight is greater when

the observations are close to the point at whield#nsity is estimated.
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4.4.1.2 An Application
A Gaussian kernel with the bandwidth chosen acogrtth Silverman’s rule
of thumb (Silverman, 1986) for a density is usedrigure 4.1 It tells us that the

difference exists between kernel density and nodeasity.

Figure 4.1 The Density Estimation of Log Income ififed: Gaussian, Bandwidth:
0.2)
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4.4.1.3 Kerne Regression
The aim of kernel regression is to replgf¥) in Eq. (4.1) with a local

estimator of the conditional mean

(44) g(x) =E[Y|X =x] = [yf(yIx)dy

wheref(y[x)=f(x,y)/f(x) is a conditional density of. Hence, Eq. (4.4) can be rewritten

as

20 This figure is produced by R. The following esttinas and figures are also produced by R.
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_ [yf(x y)dy

(45 E[y|x] 0

The estimator of)(x) is available if one knows how to estimétg,y) andf (x).
The kernel regression uses the estimators basddcally weighted estimation to
replace the numerator and denominator in Eq. (4THe kernel estimators of

numerator and denominator are denotec{ lyyAf(x y)dy and f(X), respectively.

The Eq. (4.4) is rewritten as

LN TR VR VA R
“o_niZt h V3 op 0o
(46) g(X)_ 1n XJ - X B n XJ - X _EYIWI
Sy k k
njél( h ) j%l( h )

X;-x n Xi—X

whereW = k( Ih )/ jélk( h ) is the weight attached 4. The weights are

positive and sum to one.

4.4.1.4 Bandwidth Selection

In the kernel regression models two factors wilketf the estimations. One is
the univariate kernel form and the other is thed®n of bandwidth. The univariate
kernel function occurs in several functional forared the common choices are the
Gaussian and the Epanechnikov. However, the cladibandwidth is more sensitive
to the results than that of kernel functional foltndetermines the appearance and
properties of the final density estimate. On tHeeohand, the selection of bandwidth
entails the trade-off between the bias and variafi¢ee estimates. Given the sample
size n, the estimators will have a smaller bias but aydarvariance when the
bandwidth is small whereas the estimators will havéarger bias but a smaller

variance if the bandwidth is large.
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Silverman (1986) suggests the “normal reference-oéthumb” approach

which generates the optimal bandwidth for a paldicéamily of distributions. The

bandwidth approximately equals 106on~®.

Another method, least square cross-validation, gasisg the data-driven

property is as Eq. (4.7).

(47) CV(h) =n? 3" M(X)(Y, - 9 (X,)*

O
whereg _; = ZT#Y].K((Xi - Xj)/h)/z:¢i K((X; — X,)/h)is the leave-one-out

kernel estimator of(-) and theM(X)) is a trimming function which ranges between 0

and 1.

4415 An Application

The kernel regression function applied to tieimicome relationship is as
(48) H; =g(l;)+¢

whereH; represents the health indicators of individiyal is the income of individual

i, & is arandom error term, aé) is a unspecified function.

Figure 4.2 presents kernel regression, Probit ssgya, quadratic polynomial
regression, and cubic polynomial regression for SB&IES-D and LS, respectively.
Table 4-3 shows the average derivative estimatbrihree indicators in different
quartiles of income distribution. The meaning ok@age derivative estimators is
similar to that of coefficients of parametric estiions to tell the changing magnitude
of three indicators when income increases one bnit they are not directly
comparable to the coefficients of parametric ediimna. Only the average derivative
estimators obtained from semi-parametric singleeindestimation are directly

comparable (see section 4.4.4).
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In the figure of SAH in Figure 4.2, differencesweén quadratic and cubic
polynomial estimations are not obvious whereasthee big differences between two
polynomial estimations and both Probit and nonpatam kernel estimations. A
parabolic relationship is presented by polynomgineations whereas a nearly linear
relationship is presented by Probit estimation. fbaparametric kernel estimation
presents more curvilinear relationship than twoypoinial regressions. The figure of
CES-D reveals no difference between two polynomstiimations but a big difference
between parametric estimations and nonparametnoekeestimation is spotted.
However, the figure of life satisfaction displaye tdifference between quadratic and
cubic polynomial estimations in the top quartile inEome distribution. The two

polynomial estimations are also different from nargmetric kernel estimation.

In general, the relationship between self-assedss=dth and income is
negative whereas it is positive between life satigbn and income. The relationship
between depression and income is ambiguous. Téma@e scale of life satisfaction
goes up with the increase of income whereas theagegrobability of reporting good

health goes down when income increases one unit.

In Figure 4.2, nonparametric estimation reveals emmformation of the
health income relationship than parametric estionati For instance, in the figure of
self-assessed health, parametric estimations pgrésempproximately fixed gradient
of health status whereas nonparametric kernel asompresents varied gradients of

health status when income increases.
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Figure 4.2 Nonparametric Kernel Estimation for SAHES-D, and LS
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(c) Life Satisfaction

LS
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Notes: 1. The black line in the figures presentspaoametric regression.
2. The red line presents the Probit regression.ble line presents the polynomial
quadratic regression, and the green line preskatpdlynomial cubic regression.

The slope is of interest to researchers becausspiiesents the variation of
magnitude of the dependent variable when the eapday variable changes by one
unit. The average derivative estimators of SAH, €E%nd LS are -0.01, 0.072, and
0.054, respectively (see Table 4-3). The averageesof the estimated line of SAH
along income is negative which implies that SAH laasegative association with
income in general. However, in the case of CEShB,fositive average slope implies
that depression has a positive association witbnregenerally and so does the case
of LS. When income increases one unit, the avepagbability of reporting good
self-assessed health decreases 1 percent as Wl agerage scale of depression and

life satisfaction increases 0.072 and 0.054 paspectively.

Furthermore, the average derivative estimators (§)0& different quartiles
of income distribution are shown in Table 4-3. AIBEs of SAH are negative in all
quartiles and it approximates to zero in the bottunartile. The absolute value of

ADE is greater in the middle quartiles than thatthie top quartile. The average
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probability of reporting good health decreases 1% 0.7% in the middle and top
quartiles respectively. The ADEs of CES-D are pesitin the bottom and top

quartiles whereas the ADE is negative in the midglartiles and its absolute value in
the middle quartiles is greater than that in tHeepiguartiles. The average scale of
CES-D increases 0.13 point and falls 0.022 pointhim bottom and top quartiles

respectively when income increases one unit whatedecreases 0.778 point in the
middle quatrtiles. In respect of LS, the signs of EABre consistent in three income
levels. It is positive and the value of ADE is 306.667, and 0.025 respectively. The
average scale of life satisfaction in the bottorigdie, and top quartiles will increase
0.069, 0.667, and 0.025 point respectively if ineomcreases NT$1,000. The ADE

in the middle quartiles is greater than that intibiom and top quartiles.

In summary, in the middle quartiles of income dttion, the average
gradients of self-assessed health, depression sealeghe scale of life satisfaction are
the greatest. The depression and life satisfaafothe senior citizens have a great
improvement after they escape from the bottom dead middle quartiles but the
improvement reduces greatly after they move tadpencome quartile. The possible
explanation of the great improvement is that theilfastatus and self-esteem of the
senior citizens are raised after they escape froweny and make a contribution to

their family.

Table 4-3 ADE of Nonparametric Kernel EstimatiorDifferent Income Quartiles

Health Indicators Bottom 25% 25% - 75% Upper 25% e@il

SAH -1.06e-13 -0.012 -0.007 -0.01
CES-D 0.13 -0.778 -0.022 0.072
LS 0.069 0.667 0.025 0.054

Note: Q1 represents the income below 25% of inctanking (approximate to NT$4,269) and
Q3 represents the income above 75% of income rgr{kipproximate to NT$17,407).

The pattern of relationship between income andtheadlicators for the four

groups partitioned by gender and marital statshi@vn in Figure 4.3 and the average
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derivative estimators are displayed in Table 4-gufe 4.3 reveals that sex and
marital status appear to be of significance to SEBES-D, and LF. In the figure of
self-assessed health, the relationship betweerasg#fissed health and income in four
groups appears negative in general and the reddtiprof the single female group is
relatively linear. Males are less likely to repgdod health than females and married
males have less probability to report good hediéimtsingle males after marriage is
controlled. Above the approximated income leveNdi$58,000, the relationship in
the single female group is negatively linear. Itame that the likelihood of reporting

good health in the single female group reduce emristwhen income increases.

In the figure of CES-D, the relationship betweenSZE and income is
ambiguous in general but it is distinct that thendée groups report more depression
than the male groups below the approximated NT$&D,8ingle females report more
depression than married females and it is alsac#se in males groups. Above that
income level, in general, the order of reportinghhdepression is single females,
single males, married males, and married femalesveder, the single female group
reports more depression than other groups whetheigh or low income levels and
its relationship is linear and nearly horizontaheOinteresting circumstance in this
figure is gender seems to be a determinant of dejme when income is below
NT$50,000 whereas marriage is a likely determinafmten income is above
NT$50,000. In the figure of life satisfaction, tredationship between life satisfaction
and income is positive in general. The married gsothow more life satisfaction than

the single groups.

In summary, after controlling for gender, marriegople report more life
satisfaction and less depression than single pestptbe same income level. After
controlling for marital status, males report a loyweobability of reporting good health

status and less depression than females.
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(c) Life Satisfaction
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Note: The blue and black lines represent marrietisimgle females, respectively. The red
and green lines represent married and single masgectively.

In Table 4-4, the average gradient in the estimatioSAH is negative for the
4 groups. The male groups show a larger averagbegtathan the female groups. It
implies that the probability for males to reportodoself-assessed health decreases
more than females when income increases one uhi&nihcome increases one unit,
married males will be 0.8% less likely to reporbddealth, which is on top of the list
among four groups. The following order is singlelesaand both female groups as

well as the reducing probabilities are 0.65% aidd).respectively.

In the estimation of CES-D, CES-D has a negatila@ionship with income
in four groups although the average derivativeigle females approximates to zero.
The married groups have a greater average gratham the single groups and
married females have a larger average gradient thamied males. It means that
married groups reduce more depression than simglgog when income increases one
unit. Meanwhile, married females reduce more dejpwesthan married males by
more than six times when income increases one laoitiever, the depression level of

the single female group almost does not changetivitithange of income.
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Life satisfaction shows a positive relationshiphvihcome in four groups.
When income increases one unit, the life satigfactif the married groups increases
more than that of the single groups when gendeomsrolled and the life satisfaction

of the married male group increases more than treied female group.

Table 4-4 ADE of Nonparametric Regression

Group SAH CES-D LS
Married Female -0.005 -0.264 0.032
Single Female -0.005 -1.53e-15 0.03
Married Male -0.008 -0.042 0.049
Single Male -0.007 -0.031 0.011

4.4.2 Semi-parametric Partially Linear Regression
Semi-parametric regression combines the propeniesparametric and

nonparametric estimations. It includes some pandaenedmponents and leaves some
components unspecified in the regression. The patramcomponents are the control
characters for obtaining a more precise associdigiween the dependent variable
and its covariates of interest. In the case oftheald income, the main concern is the
association between income and health. Althoughas®ciation is presented when
estimating using nonparametric regression, theviddal's other characteristics are
not controlled in these estimations apart from fé that the sample is partitioned
according to the individual's characteristics befestimating. The advantage of semi-
parametric estimation is it can control an indiatisl characteristics in the estimation

and need not partition sample into groups befalienaton.

4.42.1 Partially Linear mode

A semi-parametric partially linear model witldlimensions is given by

(49) Y =X;B+9(Z))+y;, i=1n
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whereX; is ap x 1 vectorg is ap x 1 vector of unknown parameters, afd(] [ .

The functional form of(-) is unspecified. This model combines the param&gctor,
S, and the nonparametric pad(’). Meanwhile, the covariate vectoX, has linear
form in the model. In the example of health ancdine associatiorZ; is absolute
income amount and thévector is the other individual's socioeconomidssasuch as
education and occupation, etc. The semi-parametodel can make health income

relationship clearer after controlling for an indival’'s socioeconomic status.

The first step in estimating a semi-parametriciplytlinear model is to estimate the

unknown parametric vectg, After obtaining the parametric vector, one cguiaee

C C
B with S to obtain the estimate of-), g(0J. In the semi-parametric partially linear

model, the constant term must be excluded from dhaation for reasons of

identification.

4.4.2.2 Theestimates of parametric part
Robinson (1988) proposes a method of estimating dbefficient .
Transform Eq. (4.9) by taking the conditional exp&on and then subtracting Eq.

(4.10) from Eq. (4.9).
(410) E(Y; 1Z;) = E(X; |Z;) B+ 9(Z;)
(41D Y —E(Y; 1Z;) = (X —E(Xj [Z)) B +y;

In order to implement the estimation, the expecstaldes in Eq. (4.11) are

C C
replaced by their nonparametric estimates denotedY;band X;, respectively.

Meanwhile, the density-weighted approach is useavtnd the problem caused by a

C
random denominatof (Z;)in the kernel estimator. Rewrite Eq. (4.11) andvstio

Eq. (4.12)

83



CC C C C
412) (Y, -Y;) £(Z;) = (X - %) £(Z)B+y; £(Z;)

where
0 0O def 4n U
0 O def 4N U
(414 Xi EE(Xi |Z|) =n jéinKh(Zi,Zj)/f(Zi)
and

L 1

N )

Z -7
4, Sis s
where K,(Z;,Z) = ﬂg:lhslk(h—sJ

).
C C C C
Regress(Y; —Y;i) f(Z;) on (X; - X;) f(Z;) by least squares method and

finally g is obtained.

4.43 Theestimates of nonparametric part

g(-) can be obtained from Eq. (4.10) and it is eqod€Y; — X;B|Z;). After

O
obtaining the\/ﬁ-consistent estimator ¢f (3, a consistent estimator gf) is given

by
S X K (Z.Z1)
O =il 77 h\%i 4]
@10 o)==
J=Lj# Thi T T
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O
The nonnegative second order kernel is used tonatgig(Z,) and the

bandwidthh is selected by the method of least square crdgatian.

4.43.1 An Application

The demographical characteristics of age, sex, atu; and marital status
are controlled in the regression when estimatirg ahknown functional form of
income and the result is presented in Figure 44 Taable 4-5. The patterns of three

indicators in Figure 4.4 are similar to those iglfe 4.2 but they move down slightly.

Table 4-5 displays the ADEs in different incomemgjles after controlling the
demographical variables in the estimation. Compgiliable 4-5 with Table 4-3, the
signs of ADE in Table 4-5 are consistent with thasel'able 4-3 but the absolute
values of ADE become smaller apart from the ADBwErall CES-D and the ADE of
CES-D in the bottom quartile. In the bottom quartdf income distribution the
average scale of depression becomes greater afteplling demographical variables,
which causes the bigger ADE of overall CES-D. Therage scale of depression
increases 2.829 points in bottom quartile and 0.pdiht overall when income

increases one unit.
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(c) Life Satisfaction
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Notes: 1. The line in the figure presents semapaatric regression.
2. The points in the figures preseetgblynomial quadratic regression.

Table 4-5 ADE of Semi-parametric Partially Lineatination in Different Income

Quantiles
Health Indicators Bottom 25% 25% - 75% Upper 25% e@il
SAH -2.76e-14 -0.01 -0.001 -0.007
CES-D 2.829 -0.537 -0.012 0.311
LS 0.061 0.078 0.02 0.031

Note: Q1 represents the income below 25% of inctanking (approximate to NT$4,269) and

Q3 represents the income above 75% of income rgrkipproximate to NT$17,407).

Table 4-6 shows the ADEs of semi-parametric paytiithear estimation in

four groups partitioned by marital status and gerfaeor. Comparing Table 4-6 with

Table 4-4, the absolute values of ADE are smaliantthose in Table 4-4 apart from

the case of CES-D in the single male group. The Abthe single male group in the

CES-D estimation is the same as that in Table Phé.signs of ADE are the same as

those in Table 4-4 apart from the case of CES-Ehénsingle female group where it

becomes positive but it maintains a very small @alu
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In summary, after controlling age and educatioridiacin the estimations of
four groups, the results are similar to those leefoontrolling the demographical
variables. The average probability of the male gsoto report good health decreases
more than the female groups when income increasesinit and the married groups
increase more life satisfaction than the singlaigso In respect of CES-D, depression
level in married females decreases the most amomog @groups when income

increases one unit.

Table 4-6 ADE of Semi-parametric Partially LineadRession for Four Groups

Group SAH CES-D LS
Married Female -0.003 -0.19 0.022
Single Female -0.003 0.001 0.015
Married Male -0.006 -0.027 0.037
Single Male -0.006 -0.031 0.009

444 Semi-parametric Single index Regression

The ADEs estimated beforehand are not directly coaige to the
coefficients obtained from the parametric estinratibhus, the semi-parametric single
index model is introduced because the averageatamvestimators produced by this
model are directly comparable to the coefficierftparametric estimations (Blundell

and Duncan, 1998). The form of the semi-paramsinigle index model (SIM) is

(417) Y=9g(X'B)+u

whereY is the dependent variablé,is a vector of] explanatory variableg, is theq x
1 vector with unknown parameters, ands the error satisfyinde(uX) = 0. The
function form ofg(-) is still left unknown. Many studies concern ttetimation off,
for example, Hardle and Stoker (1989), Powell et (4B89), Rilstone (1991),
Ichimura (1993), and Klein and Spady (1993). Omeefitis obtained, thg(-) can be

estimated.
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4.44.1 An Application

The purpose of implementing SIM is to compare ttareates of coefficients
under two alternative assumptions: functional fokmown versus unknown. The
estimation used in the case of CES-D and LS isqmeg by Ichimura (1993) and the
estimation used in the case of SAH is proposed lginkKand Spady (1993). The
coefficients in three cases are obtained by estigdite average derivative estimators
and the results are shown in Table 4-77. The g§aserage derivative estimators are
consistent with those obtained by parametric esibms whereas the absolute values
of the average derivative estimator for three iattics are smaller than those in Probit
and OLS apart from the case of CES-D. The inconvarggin the case of CES-D is
not significant at 5% level, which implies that tredationship between CES-D and
income is not a quadratic form but it cannot mdwat the linear form is correct. Even
if the square term in the LS estimation is sigaificat 1% level, it cannot either say
the quadratic form between life satisfaction andome is correct. The model

specification test will answer these questions.

Table 4-7 Probit, OLS, and SIM for SAH,CES-D, arf8l L

SAH
Probit SIM
Var. Coef. St. Error Var. ADE. St. Errort
Income -0.01*** 0.021 Income -0.003 0.0002
CES-D
oLS SIM
Var. Coef. St. Error Var. ADE. St. Errort
Income 0.002 0.981 Income 0.006 0.0006
Squ. Income  0.0001 0.054 - - -
LS
oLS SIM
Var. Coef. St. Error Var. ADE. St. Errort
Income 0.038*** 0.525 Income 0.032 0.002

Squ. Income  -0.0002*** 0.029 - - -

Note: 1. *** 1% significant level; ** 5% significarevel; * 10% significant level
2. T represents the bootstrapped staretand
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45 Mode Specification Test

SAH is a binary variable so the Logit or Probit rabs usually used in this
estimation. Either the Logit or Probit model congés the nonlinear estimation with
specified functional form. Thus, the regressors presumed to have a nonlinear
relationship with SAH. With respect to CES-D and, tBe two variables can be
regarded as the continuous variables though tlgesaof their scale are in 0-30 and O-
10, respectively. OLS is usually the first try tstimate the continuous dependent
variables. The square term is usually a regredsané expects the explanatory
variable to have a nonlinear relationship with dependent variable. Thus, the square
term of income is a regressor in the regressionSES-D and LS. Table 4-7 shows
that income has a nonlinear relationship with L8oading to the significance of
square term of income, but an ambiguous relatignsith CES-D because the square
term is not significant, which does not mean theicterm or the higher-order terms

are not significant.

Is the quadratic parametric form a correct spedifin to interpret the health
income relationship? The model specification tegts answer this question. In the
parametric model specification test, it requires tiser to specify a set of parametric
alternatives to compare with null specification anel null hypothesis will be rejected
if the data generating process indeed follows therrative models. However, the
parametric model specification test will be an imgistent test because it lacks power
in certain directions if there exist the alteratmedels which cannot be detected (Li
and Racine, 2007, p.351). Nonparametric methodsowancome this problem and

conduct a consistent test.

The test implemented here is proposed by Li aadirie (2007). They test
the correct specification of a parametric modekdasn the value of integrated square
difference between the parametric model and thepaiametric model. The null

hypotheses here a®{H|x) = a + B;x, E(H|x) = a + B1x + B,x?, andE(H|x) =
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a + B1x + B2x? + B3x3, where H is health outcome and is income. If the null

hypotheses are rejected respectively, it meangpdnametric linear, quadratic, and
cubic forms of income are not a correct specifaratio interpret health income
relationship. However, this test cannot be implet@@rif the dependent variable is a
binary outcome. It is only applicable to continuadependent variables. This test
rejects the null models of CES-D and LS at 1% Sicgmit level”* It means that the

parametric forms mentioned above are a misspetiitavhen depression, life

satisfaction, and income variables are taken iotmant in the analysis.

4.6 Conclusion

The relationship between income and health in Bidgroup (those aged
between 60 and 80) is of primary interest in tiapter. The analysis data are micro-
level data from the Survey of Health and LivingtG8saof the Elderly. In the previous
literature, many studies use the square term afmcor even higher-order terms as
the regressors to present the nonlinear relatipnsbiween health and income. In
view of the potential problem of misspecificatidhe model specification test and
nonparametric strategy are implemented in the pteselysis. Nonparametric kernel
and semi-parametric partially linear estimatiorigedvide the evidence that there is a
nonlinear relationship between three indicators amcbme. Meanwhile, these
estimations also reveal the circumstance of haakiquality related to income in
detail. The model specification test rejects theapeetric linear, quadratic, and cubic
forms are not a correct specification. It makesdistinction between nonparametric

estimation and three parametric forms when incam®ncerned.

L1n the case of CES-D the test statistics of ‘Jrparametric linear form, quadratic form, and
cubic form are 33.138, 31.838, and 31.762, resygelgtiand P-values are less than 2.22e-16.
In the case of LS the test statistics, ‘Jn’, a238, 2.611, and 2.581 and each P-vale of ‘Jn’is
less than 2.22e-16.
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Self-assessed health has a negative relationship imcome and this is
different from our prior expectation. The relatibips between life satisfaction and
income is positive, which is the same as expectatidowever, the relationship
between depression and income is ambiguous. Onsipla reason is that age might
replace income to become an influential determirdragelf-assessed health for the
population aged between 60 and 80 years. Accotdiagerage derivative estimators,
the average scale of depression reduces in thdargddrtiles (25%-75%) whereas in
the other quartiles it increases when income irs@gaThe average scale of life

satisfaction increases substantially with the iasesof income in the middle quartiles.

After the sample is partitioned into several subgsby using gender and
marital status, single females have an approximdtefizontal relationship between
depression and income and a relatively linear icglahip between self-assessed
health and income whereas married males and fenfeles a more curvilinear
relationship in the cases of self-assessed heallnife satisfaction. Thus, the self-
assessed health status and life satisfaction foriedapeople is more sensitive to

income than for single people.

The curvilinear relationship implies that healtlatss is more sensitive to
income change and, further, it is able to reflacbime-related health inequality. The
social support or the social benefits for specifiedple at different income levels or
in different groups would have more effects on cdy the depression and improving
life satisfaction of the elderly. With respect &ifsassessed health, the effect of the
social support and the social benefits on selfssgskhealth is uncertain according to
above empirical results which show that the negatizalth income relationship. If the
social support and the social benefits are givies,probability for the elderly in low
income level to report good health will decrease ttuthe increase of income so that

the average self-assessed health will drop. Onbeofpossible methods to improve
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average self-assessed health is taking money fidnpeople to provide and support

the health relevant public goods.
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Chapter 5. Handling the endogeneity of income to health using a field

experiment in Taiwan

51 Introduction

This chapter uses quasi-experimental methods tmiexsthe absolute income
hypothesis. The absolute income and the relativeonme hypotheses are the
mainstream of the discussion. Even if the conchssiare mixed, income is still a
crucial factor for health, whether viewed in phgsior psychological terms. From a
physical perspective, for example, money can buyemmutritious food and better
quality medical treatment whereas from a psychacllgperspective, for example,
money offers the security and obviates financiasst. In the discussion of this topic,
the endogeneity is another story apart from thétiheacial gradient. Individuals with
low income may have worse health either from plajsicauses or from a
psychological perspective. Conversely, their loaoimes may result from their poor
health. Because of this argument, an alternativ@nsief estimating the health income
association is to find exogenous time variatiorincome, such as that provided by

policy changes.

In the endogenous scenario, econometric methodslysuilise instrumental
variable estimation to deal with the income effecthealth (Etter, 1996; Meer et al.,
2003). Another way to identify the effect is theagiexperimental method (Gardner
and Oswald, 2007). This chapter uses two quasirarpatal methods, difference-in-
differences (DiD) and regression discontinuity (R) evaluate the policy effect of
the Senior Farmer Welfare Benefit Interim Regulat{®8FWBIR) on health. Those
farmers who are 65 years of age and have been membEarmer Health Insurance
(FHI) for at least 6 months are eligible to clainsgecific amount benefit until they

die.
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The Farmer Health Insurance is the only occupatimsarance that does not
contain a retirement pension. The senior farmersuaable to receive any pension to
secure their retirement whereas the other workamnc¢heir retirement pension from
their particular occupational insurafteln 1995, the government implemented the
Senior Farmer Welfare Benefit Interim Regulation dompensate for absence of
retirement pension in Farmer Health Insurance. Ehé&pure cash injection policy so
it is a good instrument for evaluating the absoluteome effect on health and

happiness. Indirectly, it is a test for the absmintome hypothesis.

The validity of a difference-in-differences strategepends crucially on the
comparability of control and treatment groups - thiee the experiences of the control
group accurately represents how the treatment gnauypd have fared in the absence
of legal intervention and on the common time tréthe time trends for two groups
are parallel) which captures the wider changesooiesy which are unrelated to the
particular policy we are interested in evaluatiripwever, regression discontinuity
can avoid these defects because of its propertarafomization around the cut-off
point and its feasibility with one wave data afteolicy intervention. Hence,
regression-discontinuity is used as an auxiliaryceonpare with the difference-in-

differences estimate.

This chapter is organised as followings. Sectiomeiews the previous
literature. Section 3 introduces the social welfpodicies of the senior citizens in
Taiwan and section 4 discusses the different-ifedihces model and RD design.
Section 5 introduces the data set from the Survdyealth and Living Status of the
Elderly (SHLE) used in this chapter. Section 6 dess the empirical strategies.

Section 7 shows the results of empirical resultsalfy, section 8 is conclusion.

2 Before the implementation of SFWBIR, councils irfesv counties had provided similar
benefits for their senior farmers, especially imi@gtural counties. The amount differs from
county to county. However, the proportion of that&ming the benefit was not high before
1995.
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5.2 Previous Research

The vast majority of papers discuss the healthnmedypotheses based on
the assumption of health social gradient — a negatelationship between health
indicator and socioeconomic status. In this franmévtioe health status at the left hand
side of the equation and the other factors, sudteasography and income, are at the

other side.

Smith (1999) describes the patterns of associdt@ween wealth and health
from two data sets, HRS and the Asset and HealttaBycs of the Oldest Old Survey.
He finds the wealth is affected by health not dhisough the productivity of labour
but also through other aspects, such as healthigatibpn and health insurance. He
also makes the same description in health socadignt. However, these patterns
cannot explain whether there is a causal link & dssociation between health and
wealth or income if the researchers only take otiethe associations into
consideration. Hence, identification is neededchim discussion that one variable may

have a structure effect on another variable.

There are some methods to identify the causalioakdtip between health and
income, including experiment, natural experimentstiumental variables and
econometric identification. Meer et al. (2003) uke data drawn from four waves,
1984, 1989, 1994 and 1999, of a Panel Study ofnec®ynamics and find an
instrument, the inheritance, for the change in thedab identify the association
between health and wealth. Their results showtiealth has positive and statistically
significant effects on health but its magnitudevésy small. After implementing IV
estimate they find that the results are approxitmdtee same but the coefficient of
wealth becomes nonsignificant. Finally, they codeluhat short term change in

wealth does not affect health status. The simitdimate has been done by Ettner
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(1996). The author uses the combined data fromoNaltiSurvey of Families and
Households, the Survey of Income and Program Raation and NHIS to estimate
the structural impact of income on several measofeBealth. She compares the
results of OLS with IV estimates and finds botliled estimates show that an increase
in income significantly improves mental and phykteaalth but it also increases the

prevalence of alcohol consumption.

An alternative method is as Adams et al. (2003)e &lthors test for the
absence of effect of socioeconomic status on inimv&in health. They hypothesize
there is no causality. If this hypothesis is acedpit implies that there is no causal
link and no persistent hidden factors moulding iahitstatus and subsequent
innovations. They find that the significantly pogit association between health and
socioeconomic status at the initial stage; howetlee, change of wealth has no
significant effects on innovations of health. Hentteey conclude that there is no

causal link from wealth to mortality or the sudderset of health conditions.

Gardner and Oswald (2007) ask a question of whettterey makes people
happy. They adopt the data between 1996 and 2068 BHPS and use lottery wins
as a natural experiment to investigate the relalignbetween innovations of money
and health. The sample is partitioned into two gepwne with no wins and the other
with small wins and their results show that theivittlials with small wins go on to
eventually exhibit better mental health. After tyears, the average GHQ score of

winners improves by 1.4 points.

In summary, the relationship between income or theahd health is still
inconsistent whether considering health social igrador the causal link between
health and income. In this chapter, a policy ofaoegelfare for senior farmers is used
to identify the causal link. Before the identificat, the general situation of elderly

welfare in Taiwan is introduced in next section.
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5.3 Background and Investigating M otivation

531 Social schemes

Social schemes are a crucial component of the Isse@urity system. The
purpose of such social schemes is not only to setiereconomic wellbeing of senior
citizens but also to lighten somewhat the burderthef younger generation in the
family. To date the social schemes in Taiwan ineludabour Insurance (LI),
Government Employee Insurance (GEI), Farmer Hdaklhrance, National Pension
Scheme (NPS), the Military Insurance (MI) and NiagibHealth Insurance (NHI).
Each of these schemes is supervised by a diffeyemtrnment department. Apart
from National Pension Scheme and National Healturance, these compulsory
schemes are specific to particular occupationsioNalt Health Insurance applies to
all Taiwanese citizens regardless of age and oticupavhereas National Pension
Scheme applies to all adults who are over 25 anlk@5 years of age and are not

covered by any one of the compulsory occupatioctzémes.

Among these schemes, Farmer Health Insurance artbnisia Health
Insurance are health insurances. Hence they meivgr medical utilization instead
of offering retirement pension. However, Farmer [Hefsurance is the only social
scheme specific to a particular occupation withibiet retirement pension comparing
with Labour Insurance, Government Employee Inswraand Military Insurance.
Hence the government implemented the Senior Fahvelfare Benefit Interim
Regulation in 1995 to redress the lack of the eégtnt pension in the Farmer Health

Insurance.

Although the occupational schemes cover most Tasertitizens, there are
still 4.7 million people between 25-65 years of age are not covered. In order to
cover this population, the government implementatidal Pension Scheme in 2008.

It is a compulsory scheme for Taiwanese citizen2®65 years of age and not
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covered by any occupational scheme. Before theemehtation of the National
Pension Scheme, the government considered the epauil covered under any
occupational schemes have no retirement pensiothesoSenior Welfare Benefit
Interim Regulation (SWBIR) was implemented in 20@3enefits the senior citizens
aforementioned and the other senior citizens mgédtie criteria even if they are
covered by a particular occupational insurance. é&l@w this regulation is a
transitional stage of the National Pension Schdtneas abolished after the National

Pension Scheme was implemented.

Apart from the social benefits cited above, theegoment implements other
social welfare benefits to complement the socibkstes in order to make the social

security system more comprehensive.

532 Theederly welfarein Taiwan

During the 1970s and 1980s, the Taiwanese peopleght about a well-
documented economic miracle within East Asia amdwihole society moved away
from poverty and into an affluent stage. At the saime, thanks to the progress of

medical treatment, the life span of Taiwanese Eewnals prolonged.

Table 5-1 Statistics for population and life span

Year Total The elderly population Prop. ofLife expectancy
population  Sum Male Female elderly Male Female
citizens

1995 21357431 1631054 892767 738287 7.64% 71.85 7477.
1996 21525433 1691608 923139 768469 7.86% 71.89 7777.
1997 21742815 1752056 949880 802176 8.06% 71.93 8177.
1998 21928591 1810231 973455 836776 8.26% 72.20 9677.
1999 22092387 1865472 992852 872620 8.44% 72.46 1278.
2000 22276672 1921308 1011023 910285 8.62% 72.67 4478
2001 22405568 1973357 1026591 946766 8.81% 72.87 7578
2002 22520776 2031300 1045154 986146 9.02% 73.22 9478
2003 22604550 2087734 1063368 1024366 9.24% 73.409.317
2004 22689122 2150475 1083496 1066979 9.48% 73.479.707
2005 22770383 2216804 1105422 1111382 9.74% 74.500.808

Source: Statistics of the Ministry of the Interior
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Table 5-1 shows that the life expectancy for males females was 74.5 and
80.8 years respectively in 2005. It increases 3syé@m both genders over a decade

though the gap between two genders maintains ait &bgears.

According to the statistics of the Taiwanese Miyisif the Interior, in 1993
1,490,801 people were 65 years old and over, appeizly 7.1 percent of the
population. It had achieved the definition of annggpopulation according to the
World Health Organizatio In 2001, the proportion went up to 8.81 percert, an
2003, the proportion increased to 9.24 percent2@y7, it was 10.04 percent. With
the onset of an aging society, elderly welfareqes gradually become an issue. The
first Elderly Welfare Act (EWA) was enacted in 1980d amended in 1997. After the
1997 amendment, the Elderly Welfare Act coveredoatmall the needs of senior
citizens, such as benefits, pension, accommodatémd other protection. The
guarantee of economic security is a crucial aimthis Act. Economic security
comprises three regulations: first, financial bésebr senior citizens in households
with low income; second, financial benefits for isencitizens in middle income
households; third, additional care benefits foriaenitizens in households with low
and middle income. The amount of benefits depemdthe economic status of their
households. For example, senior citizens can rec®&i$6,000 (New Taiwan
Dollar)* if the income per head in the household is lowemt 1.5 times of the
announced lowest living expense. The amount is NOUEBIif the income per head in
the household is higher than 1.5 times but lese & times of the government’s
announced lowest living expense. The announcedsiolveng expense is different in
Taiwan province, Taipei city, Kaohsiung city, Kinmeounty and Lienchiang county

because of urbanization. Table 5-2 shows the loWdsiy expense in each area.

“The criterion of an aging society for WHO is tondere he proportion of the elderly
population is more that 7% for the country as aleho

4 The average current exchange rate to U.S. Ddliat995 was US$1 exchanged NT$27.27.
NT$3000 is approximately US$110. This amount wagg@pmate to half of the lowest living
expenses in Taiwan province in 1996.
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Overall, the purpose is to protect those senideesis whose economic position

occurs to the left extreme of income distributiorsuffer from the risk of poverty.

In 1995 the government enacted a benefit regulatorthe senior farmer
citizens called the Senior Farmer Welfare Benetiérim Regulation (SFWBIR). The
definition of a senior farmer was an individual wivas aged 65 years or older and
had participated in the Farmer Health Insur&hice at least 6 months. The people
who were defined as senior farmers and did notrctaie old-age pension from any
other social schemes or other benefits from goverimvere eligible to claim the
senior farmer welfare benefit. In 1998 the firstesmiment was made. First, the
definition of a senior farmer included the fishemweho had been the first categorical
member of fishermen union and had participatedhénlabour insurance scheme for 6
months before ™3November 1998 without interruption. Meanwhile, ythead to start
to claim the retirement pension from the Labouutasce before 3November 1998.
The fishermen meeting the above criteria are d&gib claim the benefit. Second, a
senior farmer who has claimed the old-age pensimm fany other social schemes or
other benefits from government can choose the heoleSFWBIR or the original
benefit. Third, those senior citizens who haverotad the pension from other social
schemes but participated in Farmer Health Insuramade membership of the first
category of fishermen unit which is covered by Labimsurance after the amendment

are ineligible to claim SFWBIR benefit.

To date, the SEWBIR benefit increases from NT$3,080month in 1995 to

NT$4,000 per month in 2004 and, further, to NT$6,p@r month in 2007.

% There are five criteria to participate in famealtie insurance: 1. Age of participants is 15
and older; 2. The participants have to performicagural work for 90 days or more every
year; 3. No other full time jobs; 4. If the pargiants are landowners or land tenants, they have
to work in agriculture consecutively for one ye&r; The output of products of agriculture,
forestry, and animal husbandry achieves NT$30,680head in one year or the input of
equipment achieves 20,400 per head in one ye&tpGeception of other benefits or pension
from social insurance.
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Table 5-2 Lowest living expense in each area

Area . .. Kao- Kin- Lien- Exchange GDP per
Talvv_an T_alpe| hsiung men chiang Rate capita
province city city county  county usb/ GBP/ (USD)

Year NTD USD

1985 1,950 2,100 2,000 @ - - 3985 129 -

1986 2,000 2,250 2,000 - e 3782 146 ---—---

1987 2,100 2,250 2,100 - - 3177 163 -

1988 2,200 2,350 2200 - e 2859 1.78 -

1989 2,400 3,000 2400 - e 26.4 1.63 520

1990 2,700 3,588 2700 - e 26.89 1.78 ,085

1991 3,200 4,050 3,200 - - 26.80 176 98

1992 3,800 4,465 3,800 2,400 2400 2516 1.76 20,57

1993 4,300 4,920 4,300 3,000 3,000 26.38 15 11,028

1994 4,650 5,730 4,650 4,000 3,500 26.45 1.53 71,93

1995 5,000 6,290 5,000 4,400 4,000 26.47 1.57 52,86

1996 5,400 6,640 5,400 4,400 4,400 27.45 156 63,37

1997 6,000 6,720 6,000 4,700 4,700 28.66 1.63 93,73

1998 6,700 7,750 6,700 5,800 5,800 3344 1.65 62,54

1999 7,110 11,443 8,828 5,800 5800 3226 161 3135

2000 7,598 11,625 9,152 5,900 5900 31.22 151 414,6

2001 8,276 12,977 9,814 5,900 5,900 33.8 1.44 ¥3,10

2002 8,433 13,288 9,559 6,000 6,000 34.57 15 93,36

2003 8,426 13,313 9,712 6,000 6,000 3441 163 3¥3,7

2004 8,529 13,797 9,102 6,300 6,300 3342 183 8%,9

2005 8,770 13,562 9,711 6,300 6,300 3216 1.82 226,0

Source: 1. Directorate-General of Budget, Accountind Statistics, Executive Yuan National
Statistics, Taiwan. 2. Central Bank of Taiwan.NFI Unit: New Taiwan Dollar (NTD)

In 2002 the government launched another benefitlagign named the Senior
Welfare Benefit Interim Regulation for the senidtizens who are excluded from the
aforementioned regulations. Each eligible senitzem can receive NT$3,000 every
month. However, a few senior citizens are stillleded such as: 1. those who have
been in receipt of government care; 2. those whee haceived their retirement
pension from the public sector; 3. those who haceived other benefits from the
governmertf; 4. those whose total personal income was morei&500,000 in the
last tax year; 5. those whose entire property imseof land and building exceeds 5
million NTD; 6. those who are in the jail. Critei2a 4, and 5 exclude the affluent and
criterion 3 excludes those people who have clainogtder benefits from the

government under the terms of to social justiceweicer, this regulation was

2 This criterion excludes those senior citizens wilawe received benefits from the second
regulations of EWA, SFWBIR, and the regulationsdenior veterans.
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abolished in 2008 after the start of the Natioredidton Scheme. The time scale of the

regulations is shown as Table 5-3.

Table 5-3 Time table of welfare regulations of semitizens

Welfare regulation Date of launch Final amendment emBrk

Elderly Welfare Act 26th January 1980 31stJan2®y7 -
Farmer health Insurance 23rd June 1989 26th Jwe 20  --—-—-
Senior Farmer Welfare

Benefit Interim Regulation 19th May 1995 20th July 2007 e
Senior Welfare Benefit Were abolished on
Interim Regulation 22nd May 2002 18th June 2003 30th September 2008

. . Were implemented
National Pension Scheme  8th August 2007  ------- on 1st October 2008

Table 5-4 reveals that the proportion of senioizeits claiming benefits
increases over time. After the Senior Welfare Bienbkfterim Regulation was
implemented, the proportion rose to over 50 perdan?2003 the proportion of senior
citizens was 12.33 percent covered by Elderly Welfact, 32.43 percent by the
Farmer Welfare Benefit Interim Regulation, and 80pércent by the Senior Welfare

Benefit Interim Regulation.

The total proportion covered by the above regutatic 71.2 percent. Given
that government policies tend to increase certairios-citizen benefit, the income
structure of senior citizens changes over timeigglaled in Table 5-5. In 1993 the
most crucial income source for senior citizens fwas their children, followed by, in
importance, payment of interest or capital, reteampension, wages, government
benefits, and transfers from relatives or frients.2003 and 2005 the top three
sources became children, government benefits, etir@ment pension. Income from
children becomes the main source from 1993 to 2B@Svever, government benefits

become the second income source for senior citiakas2002.
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Table 5-4 Statistics of benefits (Unit: NT$1,000)

EWA Total . Percentage  of
Low income Middle income ST WBIR SWBIR gggls“:?%% or getting
household household older these benefits
Year Persons Amount Persons  Amount Persons Amount ersoRs  Amount Persons %
1995 - e e e 315192 56221 W - e 1,631,054 19.32
1996 19,788 1,491,603 253,090 14,076,108 366,059 ,426B28  ------- = ----om- 1,691,608 37.77
1997 19,158 1,371,896 137,919 7,609,775 425,947 426828  ------- e 1,752,056 33.28
1998 19,575 1,368,339 172,277 7,609,775 441,665 210445  ------- - 1,810,231 35
1999 19,366 1,377,131 172,117 8,617,172 588,429 742516 « ------- - 1,865,472 41.81
2000 19,602 1,383,558 185,362 9,042,202 635,838 322896 - ------- - 1,921,308 43.76
2001 18,699 1,335,955 162,512 8,487,905 656,460 183%H99  ------- - 1,973,357 42.45
2002 18,233 1,299,330 164,159 8,693,324 669,779 762377 424,966 15,066,420 2,031,300 62.87
2003 17,798 1,273,324 156,153 8,606,150 677,048 129852 636,583 19,104,373 2,087,734 71.25
2004 15,653 1,127,580 140,793 8,132,419 688,840 103394 692,950 24,190,000 2,150,475 71.53
2005 15,327 1,093,639 132,746 7,835,611 696,808 198315 746410 26222000 2216804 71.78

Source: Department of Statistics, Ministry of theetior
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Table 5-5 Income sources of senior citizens

The economical source of senior citizens (unigrde of importance)

Survey Children Retired Wage Benefits Interest  Relations,
year pension gain friends
1993 52.3 14.76 6.60 1.61 17.25 0.86
1996 48.28 17.55 7.30 6.37 13.15 0.40
2000 47.13 15.39 13.72 12.33 9.26 0.53
2002 51.72 17.35 11.81 22.58 12.23 0.55
2005 53.37 14.15 11.78 33.34 10.79 0.56

Source: Department of Statistics, Ministry of theetior

5.3.3 Moaotivation for Investigation

The retired workers in Taiwan are usually eligibte two pensions. One is
the retirement pension from the specified occupaticcheme. The other is the
contributing retirement pension financed by empésyand employers. However, not
all retired people are eligible to receive theregtient pension from their company if
they do not fulfil the retirement criteria eventliey have paid into the pension every
month?’. The pensions secure economic independence faedepeople and,
additionally, can lighten the economic burden ofithoffspring. Economic
independence for retired people not only secures 8tatus in the family but also
implies a certain freedom and self-respect. Foioar gamily, pensions can secure

their basic living.

Each of the social welfare schemes specific torigodar occupation usually
includes the retirement pension. However, FarmealtHelnsurance is the only
occupational scheme without a retirement pensionis Tis the reason for the
government implementing the Senior Farmer Welfaenddit Interim Regulation.
Though SFWBIR is a social welfare benefit, it césoae regarded as the retirement

pension for the senior farmers. The difference betw SFWBIR benefit and

*"There are two kinds of retirement in the compadye is voluntary retirement. The other

one is forced retirement. The criteria of formee @re as follows: 1. 55 years old or older and
have worked in a company for at least 15 yearsjae worked in a company for at least 25
years; 3. 60 years old or older and have workealégompany for at least 10 years. The criteria
of latter one are as follows: 1. Achieve 65 yedds 8. 55 years old or older and physical or
mental problem is too severe to work.
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retirement pension in occupational schemes isttiaamount of former one is fixed,

whereas the latter one depends on their contributio

The interest of this chapter is to investigate Wwhebr not the intervention of
SFWBIR benefit improves the health status and heggs of the senior farmers
compared with the workers in other occupations whdassurance includes a
retirement pension. The hypothesis in this chagethat SFWBIR improves the
health status and happiness of the senior farfrether words, the absolute income

improves the health status and happiness of therdanmers.

Using SFWBIR benefit as an instrument possessesaeadvantages. First,
it is easy to use the criteria of SFWBIR to pastitisamples to treatment group and
control group. Second, it covers approximate onrel thf senior citizens. Third, the
retired age of covered individuals is more flexilhan other occupations because
there is no legally retired age for farmers. Thhbs,retirement effects can be excluded
from the analysis of SFWBIR benefit. Accordinghhet Senior Farmer Welfare
Benefit Interim Regulation can be a good quasi-grpental instrument. If it has a
significant impact on the health status and hapgsired the senior farmer, indirectly, it
can be postulated that the gain in absolute incaffects the health status and

happiness of the senior farmers.

The quasi-experimental methods applied in this wrapre difference-in-
differences, difference-in-difference-in-differesce (DiDiD) and regression-
discontinuity. Difference-in-differences and regies-discontinuity are popular
methods to identify a causal relationship. In tif&ekence-in-differences design, how
to select treatment group and control group rangamiluences the result of the
estimates. However, in the regression-discontindiétsign, the individuals around the

cut-off point are assumed to be identical. Thug pinoblem of randomization is
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negligible. In order to achieve more robust estematmore control groups are

included in the analysis which is difference-inerénce-in-differences estimation.

5.4 Identification strategy

The central issue in the evaluation of pulpldicies is to separate their
causal effect from the confounding effect of otfamtors influencing the outcome of
interest. Random assignment of units to the intdfea defines the treatment and
control groups that are equivalent in all respeetsept for their treatment status.
Thus, the policy effects can be acquired in a gtaivay. However, in practice,
random assignment is not always practicable. Exparial methods may reveal the
causality between two variables because they asiseggireatment and control groups
randomly through the experimental design. It makieese two groups more
comparable. Nevertheless, randomized field experisnere usually costly and
sample size is usually small. Moreover, there &itesome potential problems for
experimental data in practice, such as failure aodomize, failure to follow the
treatment protocol, and so on. The sample sizeonfaxperimental data set, such as
household survey or health status survey, is usleige but it is difficult to assign
the observations into the appropriately comparaipeups due to the lack of
randomization. Thus, the quasi-experimental dedignomes a good method to
identify the casual effect between two variablesemithe researchers use non-
experimental data. It is the one that looks simitatrexperimental design though it
lacks the randomization which is the key issuexipegimental design. However, the
advantages are that it is not as costly as expatahdesign and, on the other hand, it
can offer more precise interpretation of causdlign the traditionally econometric
methods. Difference-in-differences and regressisoeshtinuity designs are two

methods that are used frequently. The followindisas introduce these two designs.
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5.4.1 Difference-in-differences (DiD)

The quasi-experimental method commonly usedsadgial science is
difference-in-differences. It compares the outcorbesveen treatment and control
groups. Thus, the assumption needed on their contexthat there is no
contemporaneous shock to health and happinesg afeitment group during 1989 to
1996. Due to non-random assignment, there may fierehices between two groups
prior to programme. Comparing the changes betwéfferehces before and after
intervention can eliminate confounding factors aisdlate the treatment. The

evaluation of policy in difference-in-differencessign is defined as Eq. (5.1):

policy — after policy __ \/ before policy \ _ after policy __ \/ before policy
(51) A - (Ytreatment Ytreatment ) (Ycontrol Ycontrol )

where A" presents the effect of policy on variables. Thentén the two brackets
presents the difference before and after the pdlitgrvention in treatment and

control groups respectively.

There is a strong assumption in the differencetffergnces design which
presumes that treatment group and control group hasommon time trend (the time
trends for two groups are parallel) which captuheswider changes in society which
are unrelated to the particular policy we are igérd in evaluating. The common
time trend can be subtracted in the Eq. (5.1). Hewethe estimated policy impact
would be bias if this assumption did not hold. Té¢®imate of intervention impact
would not only present the effect of interventiam llso include the difference in

trend between the control and treatment group.

The assumption is more likely verified when we l@khe small time periods.
However, in this chapter the time period is 7 ydatveen two waves employed to
estimation. It is doubted that treatment groupi(geiarmers) and control group (non-
senior farmers) have the common trend during 7 sye@he common time trend

assumption can be tested by implementing “placeldference-in-differences
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estimation, which is defined as using the datawaf tvaves before to intervention
implement a difference-in-differences estimate, é&av, in this chapter the placebo
difference-in-differences robustness check is pasible because of the limitation of
data. Thus, regression discontinuity method is eyga as a robust check because
regression discontinuity is feasible with one waeaga after intervention and only the
sample around the cut-off point, a threshold cdttreent group selection, is selected
into the regression. Thus, it avoids the commoretirend assumption. If the results
obtained from difference-in-differences and regoesgliscontinuity are consistent,

we can deduce that the common trend assumptiaglddrthis study.

5.4.2 Regression-Discontinuity Design (RD)

Although it is not an experimental process,gfession discontinuity
possesses the advantage of the property of randbtariznear the cut-off point. It
defines the characteristic that the probability mefceiving treatment changes

discontinuously as a function of one or more unyiegl variables.

The original notion is to measure the gap befo after the policy or event.
Let (Y1, Yo) be the potential outcomes when the individual sde@md does not
participate in the programme, respectively. Thattnent effect of programme 5
defined by the difference between these two pakatitcomesy;-Y,. However, it is
not possible to observé, andY, for the same individual at the same time because
each individual is only exposed to one situatidtihee in programme or not. Létbe
the binary variables for the treatment status, twhis 1 for participants and= 0 for

non-participants.

If the assignment is a random process, the follgwdandition in Eq. (5.2)

holds

(52) (Y,Y,) Ol
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whereY; andY, are independent ¢f The attractive characteristic of randomization is
that the difference between the mean outcomesdiicfpation and non-participation

identifies the mean impact of programme
(63) B=E(Y, |l =D-E(Y,|I =0)

The regression-discontinuity design arises whendstlagdus of participation
depends on an observable individual characteristi@nd the probability of
participation is known to be discontinuous at anpaf s. However, a continuous
random variables on the real line is required. § is the discontinuity point, then a

regression-discontinuity design is expressed abHEJy.

G4) Prl =1|5*]2Pr] =1|57]

where thes® and 5™ refer to those individuals marginally above andoweS ,
respectively. In order to simplify the presentatibot without loss of generality, only
the case in which the probability of participatiocreases aS crosses the threshold

S is considered. Thus, Eqg. (5.5) can be inferrechfix. (5.4).

55) Pr[l =1|5*]-Pr[l =1|5°]>0
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Moreover, there are two types of regression-dignaity design, sharp and
fuzzy regression-discontinuity designs. Trochim84)pPdistinguishes the difference
between shape regression-discontinuity and fuzgyession-discontinuity according

to the size of discontinuity shown in Eq. (5.5).tlie probability of participation

conditional ons increases from zero to one when $h@osses the thresho®d, it is a
sharp regression-discontinuity design. The varialitethe only one determinant for
individuals to decide whether or not to enter ia grogramme. However, the fuzzy
regression-discontinuity occurs when the size efdiscontinuity atS is smaller than
one and it implies that is no longer the only one determinant of assigrtni@rhe
treatment group. The assignment to treatment grogy be affected by the
observable and unobservable characteristics oWvithagils. The sharp regression-

discontinuity design is a special case of fuzzyesgjon-discontinuity design. Figure

Figure 5.1 Assignment in the sharp (dashing) aadyfsolid) RD designs
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5.1% illustrates the idea of regression-discontinuiggign.

There is a growing literature using this methodatwlyse the impact of
policies. Van Der Klaauw (2002) applies regresgistontinuity design to
investigate the impact of financial aid on the eg# enrolment. Hahn et al. (1999)
evaluate the effects of an antidiscrimination lamvtbe employment of a minority
using sharp regression-discontinuity design. Blillreteal. (2002) also use regression-
discontinuity model to evaluate the employment iotpzf a mandatory job searcher
programme. McCrary and Royer (2006) apply the sjom-discontinuity method to
investigate the relationship between maternal dateirth and infant health through
the education route. Overall, the regression-disgoity design has been used in
many topics. It can circumvent the problems of mnidation and endogeneity. The
fuzzy regression-discontinuity model also can owere the problem of self-selection
if the information is available. Another advantdgédhat cross-sectional data can be

used in this method if the data are limited.

Two types of regression-discontinuity designs canelxpressed by using
regression equations. The following expressionolofing Hahn et al. (2001).

Consider the following equation under the abserfcenalogenous problem. The

denotes individual, a; =Yy, a function ofs , and B =Y, —Y; . o; equals tax(s)+e;.

56) Y =a +1,5+y,

With a sharp design, treatmehtdepends in a deterministic way on some
observable variablg, |, = f(s) =1{s =s,}, wheres is a continuum of values and
the points, and it is assumed to be known thi¢s) is discontinuous af,. In the

empirical work of section 5.6.4, the sharp desgynsed due to the property of policy

intervention.

8 Figure 5.1 is cited from Van Der Klaauw (2002).
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As for a fuzzy design, is a random variable givexy hence, the determinant
function is defined ag(s) =E[l, |s =S| =Pr[l, =1|s =s9], and the conditional
probability is known to be discontinuous sgt The common feature is both designs
view the probability of joining treatment groupf[l, =1|s], as a function o§ and

it is discontinuous &&. The treatment effecf, can be obtained by Eq. (5.7)

G7)  limEY, |s]-IimE[Y,|s] ={limE[a; | s|-limE[a,| 3]}
S5 sis slsy S

+ AImEL, | §| ~mE[l | s} +{imE[u, | §| ~limElu] s

They (Hahn et al, 2001) make some assumptions atmnalize the
regression-discontinuity design on identifying ceffects.
Assumption (5.1)E[a; | S] is continuous in s &
Assumption (5.2): The conditional mean functigfu | s] is continuous a.

Thus, the Eq. (5.7) can be expressed as Eq. (5.8)

lim E[Y, | s| —lim E[Y; | s]
(658) B=-—" —

lim E[I, | s] - lim E[I, | s]
sl s st

In the sharp regression-discontinuity design the rmte

lm E[1,|s]-lim E[I,]s] =1 so that the treatment effect simplifies to
lim E[Y, | ] - lim EY, |s]. However, in the fuzzy regression-discontinuity iges
another assumption is imposed.

Assumption (5.3): The limit$ " = |Lr2 E[l. |s] andl™ = IsiTrg E[l. | 5] exist and

1" #1017,
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This assumption implies that the discontinuityf(sf exists at poin.

The treatment effects can be re-expressed as ). (B sharp regression-

discontinuity design and Eq. (5.10) for fuzzy desig
G9) B=Y"-Y"

(510) B= %

where Y* =limE[Y,|s] , Y =limEY|s] , |"=IlimE[l |s] and
sis st S%

I~ =limE[l, |s].
si s

The treatment effect identified above is the cdseoastant treatment effect
(8 instead off). It assumes everyone receives the same effeat wkeosed in the
programme. However, it is a strong assumption. Kerrative assumption is the
variable treatment effect. Assumption (5.4) is mekth order to define the average

treatment effects.
Assumption (5.4): The average treatment effecttionE[ S, | S] is continuous
ats,.

Supposd; is independent gf; conditional ors being neag, and assumptions

(5.1), (5.3), and (5.4) hold. The mean of treatnedfeicts is as Eq. (5.11).

619 E[A18="1 -

With a sharp desigrE[B. | S| =YY" -Y".

The above inferences build on a strong assumghiainthe decision of participation of

individuals is not affected by the treatment effeltt may be unrealistic that
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individuals do not take the future treatment gaito iconsideration when they make

the decision whether or not to participate in thegpamme.

The Eg. (5.11) is biased without that strong assiompHowever, another

assumption is necessary.
Assumption (5.5): ()4, 1i(s)) is jointly independent of nears,.
(il) There exists> 0 such thak(s, + €) > Ii(s - €) for all 0 <e<e.

Under the assumptions (5.1), (5.3), and (5.5),(&Ed2) is obtained and it can
identify the local average treatment effect (LAEEY.
. YT =YT
(612 !'ﬁ)‘ E[B |1, (s, +€)—1,(s, —€) =1] =T o
Now consider the case of endogenous circumstarieeagsignment variable

s correlated with the outcomé Rewrite Eq. (5.6) and get Eq. (5.13)
G13 Y =a +1,+Ks)+q

wherea, =Y, —E[Y, |1,,S]. k(s) is a control function in the outcome equation and

it is a conditional mean functidg[ull,s| (Heckman and Robb, 1985). This approach
requires the correct specificatidus) of control function; otherwise, it is likely to
produce inconsistent estimates. Van Der Klaauw Zp0fuggests two estimation
approaches to circumvent this problem. The firsprapach is to adopt a semi-
parametric specification for the control functiom ose local or nonparametric
regression around the cut-off poist The second approach is to estimate the one-
sided limits such as Eq. (5.10) and Eq. (5.11). McZand Royer (2006) document
the four one-side limits estimate supposed by Heathal. (2001) can circumvent the

problem of endogeneity.
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An important attraction of the regression-discamityr design is that, by only
exploiting its relationship with a single variablene does not have to choose a
functional form for the way in which other variablaffect the dependent variable.
Meanwhile, it also possesses the property of ramdgion but this property only
exists near the cut-off point. Increasing the vabaround the cut-off point is likely to
produce a bias in the effect estimation, especialign the assignment variable itself
is related to the outcome variable conditional @eatment status. Thus, its

extrapolation is a drawback in this design.

55 Data

The data used in this chapter is also taken froenShrvey of Health and
Living Status of the Elderly which has been introeld in last chapter. Due to the
policy intervention implemented in 1995, the fingive (1989) and third wave (1996)
which are before and after policy intervention setected whereas the second wave
(1993) is not used because the number of obsemvgdionger than 65 years old is not
enough for the estimations. The observations usethis chapter are at the age
between 50 and 75 years old. The first wave andl tihave comprise 3564

observations and 4484 observations respectively.

The dependent variables used in this chapter alleasmessed health,
depression measurement of CES-D, and life satisfagthich are the same as those
in chapter 5. The absolute income hypothesis wdl dupportive if the policy
intervention has a significant effect on self-aseds health and depression
measurement of CES-D and, at once, income incrgasappiness will also be

supportive if the policy intervention has a sigrafint effect on life satisfaction.

This data set comprises a number of detailed héstauch as marital status,

employment and retirement, and living arrangemszgglence. The occupational
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history provides comprehensive information to assiservations to treatment and

control groups according to the Senior Farmer \WelBenefit Interim Regulation.

With the respect to the questionnaire of econoin@yfcial well-being, the
information of residence status, income, and exiparedis included. On the one hand,
it is useful for distinguishing whether or not timglividuals claim other government
benefits. On the other hand, it can also reveal th@wndividuals utilize their benefits

if they are eligible.

The other explanatory variables used in this chiagote age, gender, number
of children, and dummies for education levels, tahstatus, family scales, regions,
and job types. The observations in the treatmemimin first wave number 486 and
in the third wave number 216. Table 5-6 shows titaitbd sample size in each group
and Table 5-7 depicts the sample statistics. Thwkastatistics of two separate years

(1989 and 1996) are shown in Table A-6.

Table 5-6 The sample size in each group

1989 1996
Non- Manu- Non- Manu-
Group| Farmer farmer facturing  Farmer farmer facturing
Age Labour Labour Labour Labour
65-75 years 486 1345 165 216 1853 55
Under 65| 5q, 1094 182 343 1698 319
years

In Table 5-7, the treatment is the sub-group ofefdrmer (age is 65 or older)
and control 1 is the sub-group of farmer whoseiagess than 65. In the non-farmer

worker group and the manufacturing worker groumtics 2 means the sub-group of
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elder non-farmer worker and elder manufacturing keor(age is 65 or older)
respectively and control 3 means the sub-group of-farmer worker and

manufacturing worker (age is less than 65) respelgti

In each group, the mean of self-assessed healtHifensatisfaction of the
elder sub-group is lower than its counterpartmiplies that the elder people in each
group have lower likelihood to report good healtid chave lower mean of life
satisfaction. As for depression scale, the eldeenfations in farmer group and in the
manufacturing worker group report lower mean of rdegion scale than its
counterpart (5.991 vs. 6.561 and 5.528 vs. 5.9h8greas it is contrary in the non-

farmer worker group (6.982 vs. 6.439).

118



Table 5-7 Sample statistics (pooling 1989 and 1996)

Farmer Group Non-Farmer Worker Gréup Manufacturing Worker Group

Treatment Control 1 Control 2 Control 3 Control 2 Control 3

Mean (Std. dev.) Mean (Std. dev.) Mean (Std. deW)ean (Std. dev.) Mean (Std. dev.) Mean (Std. dev.)

Health

Indicators

SAH 0.355 (0.479) 0.398 (0.49) 0.342 (0.475) 40.40.497) 0.376 (0.485) 0.505 (0.5)
CES-D 5.991 (4.313) 6.561 (4.578) 6.982 (4.774)6.439 (4.267) 5.528 (4.425) 5.956 (3.824)
LS 6.352 (2.426) 6.549 (2.389) 6.184 (2.566) 36.32.498) 6.092 (2.316) 6.183 (2.429)
Educational

dummy

llliteracy 0.481 (0.5) 0.376 (0.485) 0.382 (®A8 0.26 (0.439) 0.373 (0.485) 0.204 (0.403)
Primary S. 0.466 (0.499) 0.57 (0.495) 0.409 9)4 0.502 (0.5) 0.464 (0.5) 0.645 (0.479)
Junior H.S. 0.037 (0.189) 0.033 (0.179) 0.0989B) 0.112 (0.315) 0.118 (0.324) 0.088 (0.283)
Senior H.S. 0.01 (0.099) 0.017 (0.131) 0.0624p) 0.077 (0.267) 0.032 (0.176) 0.048 (0.214)
University 0.004 (0.065) 0.003 (0.056) 0.04921®) 0.048 (0.213) 0.014 (0.116) 0.016 (0.125)
Postgraduate - - 0.001 (0.025) 0.001 (0.038) - -

Marital  status

dummy

Married 0.728 (0.445) 0.841 (0.366) 0.633 (@48 0.803 (0.398) 0.632 (0.483) 0.832 (0.374)
Divorce 0.02 (0.14) 0.008 (0.088) 0.026 (0.159) 0.035 (0.183) 0.055 (0.228) 0.048 (0.214)

2 This group excludes the government employeeshé&ac military men and three specialist groups, elgrdoctors, lawyers and certificated public
accountant. The government employees, teachermgitaty employees receive a stable and substantiaipational benefit. However, the three spedsalis

are usually at the top of the income distributibneir observable characteristics are different ftbose of the other employees.
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Widow 0.244 (0.43) 0.140 (0.347)  0.296 (0.457) .120 (0.333)  0.255 (0.437)  0.078 (0.268)
Single 0.006 (0.075)  0.011 (0.104)  0.045 (0.207)0.035 (0.184)  0.059 (0.236)  0.042 (0.201)
Age 69.43 (3.069) 59.98 (3.593)  69.66 (2.98) 88(7.244)  68.92 (2.769)  57.66 (4.497)

Squire ofage  4830.6 (422.12)  3610.8 (418.47) 4BfU16.75) 3472.7 (488.3) 4758 (384.8)  3345.44(5)

Male 0.694 (0.461) 0.624 (0.485) 0.522 (0.5) 10.50.5) 0.673 (0.47) 0.747 (0.435)
Family  scale

dummy

1-4 people 0.439 (0.497) 0.422 (0.494) 0.51%)(0. 0.479 (0.5) 0.477 (0.501) 0.437 (0.497)
5-10 people 0.496 (0.5) 0.517 (0.5) 0.449 (0497 0.479 (0.5) 0.486 (0.501) 0.521 (0.5)
Over 10 people  0.066 (0.248) 0.061 (0.24) 0.03491) 0.042 (0.2) 0.036 (0.188) 0.042 (0.201)
Regional

dummy

North 0.11 (0.313) 0.09 (0.286) 0.316 (0.465) 308. (0.461) 0.395 (0.49) 0.291 (0.455)
Middle 0.439 (0.497) 0.45 (0.498) 0.314 (0.464) 0.308 (0.462) 0.323 (0.469) 0.321 (0.476)
South 0.352 (0.478) 0.389 (0.488) 0.304 (0.46) .328 (0.47) 0.241 (0.429) 0.341 (0.475)
East 0.1 (0.3) 0.071 (0.257) 0.066 (0.248) 0.08234) 0.041 (0.199) 0.046 (0.209)
Job type

dummy

Self-employed  0.363 (0.481) 0.503 (0.5) 0.0270) 0.159 (0.366) 0.041 (0.199) 0.129 (0.335)
Eirsqlrléss 0.009 (0.092) 0.014 (0.119) 0.009 (0.096) 0.ge312) 0.005 (0.067) 0.026 (0.16)
Employee 0.044 (0.206) 0.07 (0.255) 0.092 (0)288 0.286 (0.452) 0.286 (0.453) 0.666 (0.472)
Retire 0.011 (0.106) 0.009 (0.097) 0.127 (0.333) 0.052 (0.221) 0.118 (0.324) 0.05 (0.219)
Others® 0.573 (0.5) 0.403 (0.491) 0.693 (0.461) 0.0%) 0.55 (0.499) 0.129 (0.335)

%0 The observations in this group are the one wmwisncluded in self-employed, family business, &yed, and retired groups.
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No. of children ~ 5.422 (2.129)  4.678 (1.742)  4.4@8226)  3.992 (1.76) 4365 (2.161)  3.759 (3)72

Sample size 702 635 3198 2792 220 501
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5.6 Empirical framework

The information on benefit claim from the SenionrRar Welfare Benefit
Interim Regulation is unavailable in this data sefit is necessary to assume that all
the eligible individuals claim the benefit from ti&enior Farmer Welfare Benefit
Interim Regulation. Nevertheless, this is not arggrassumption though it ignores the
problem of self-selection bias. However, there some reasons to believe that this
problem negligible here. Recall the criterion disling the benefit from the Senior
Farmer Welfare Benefit Interim Regulation in 199®e criterion is that the senior
citizens who have participated in farmer schemeafdeast 6 months and do not claim
any pensions from other social schemes or any kerfiefm government. The other
social schemes which had been implemented in 189@@ernment employee and
labour schemes. People who are senior farmers arel dlaimed pensions from these
two social schemes are not eligible to claim berfesim the Senior Farmer Welfare
Benefit Interim Regulation. Otherwise, they have fétmego the pensions. If the
intention to forego the pensions from other sos@iemes exists, then self-selection
bias will be generated. However, the nature of j@assand benefits are different.
Pensions represent the rewards of previous payrtésta form of contribution rather
than a gift whereas benefits are cost free. Thus not rational to forego the pensions
for benefits because of the opportunity cost ofeffieh The information of claiming
the pensions from other social schemes is availfide occupational history.
Similarly, self-selection bias would be negligitdecause the senior citizens are less
prone to forego other government benefits to aehithe criterion of the Senior
Farmer Welfare Benefit Interim Regulation becatmseamount of this benefit was not
more than other benefits in 1996. However, the oason for individuals to change
their benefit tendency would be if the amount oéafied benefit is more than the

other benefits. The benefit of the Senior Farmelfae Benefit Interim Regulation in
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1996 was NT$3,008 It was less than other government benefits, kam®le, the
veteran benefit and disability benefit. Hence, dig the benefit is not rational

because of the change cost.

Two quasi-experimental designs are employed in thsapter. One is
difference-in-differences and its extension, d#fere-in-difference-in-differences.

The other one is regression-discontinuity.

5.6.1 Difference-in-differences estimation

To estimate the effect of the Senior Farmer Welf&enefit Interim
Regulation on senior farmer’ health status, thenér group is selected into the
estimation and partitioned into two subgroups atiogrto age. The farmers at the age
of 65 years or older are assigned to the treatigrentp; the others are assigned to the
control group. The DiD analysis assumes that th@ p& health outcome for both
groups would not be systematically different in thiesence of intervention. The

observed characteristics between these two groepsirilar apart from the mean age.

The test of Eq. (5.14) > 0 implies that the Serkarmer Welfare Benefit

Interim Regulation improves the senior farmer’sltiestatus and life satisfaction.

(514) ASFWBIR: (H Afetr SFWBIR _ H BeforeSFWBIR) _ (H After SFWBIR _ H BeforeSFWBI

treatment treatment control control
— (H After SFWBIR _ H AfterSFWBIFﬁ _ (H BeforeSFWBIR _ H BeforeSFWBI
- treatment control treatment control

Thus, the pooling sample observed in 1989 and 1986ed to estimate the effect of

Senior Farmer Welfare Benefit Interim Regulatiohelequation is as Eq. (5.15):

515 H. =a,+0,SFWBIR +J,SC +J,SFWBIR * SC, +a,X. +v,
it 0 1 i 2 t 3 i t 17 it it

1 In the same year, the lowest living expense iwaai province, Taipei city, and Kaohsiung
city was 5,400, 6,640, and 5,400 NTD respectivEhe exchange rate was 1 USD=27.45 NTD
and 1GBP=1.56 USD. The GDP per capita was 13,31.US
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wherei indexes individuals antlindexes yearH; is the response of self-assessed
health status, the score of depression or lifesfsation, SFWBIRis a dummy for the
period after implementation of Senior Farmer WelfBenefit Interim Regulatiorf§C

is a dummy for senior citizen¥ is a vector of observable individual characterssti

andv is a random error term. The effect of interventiap (5.15) can be expressed as:
NSPVPR=[(0, + 0, + ;) - J,] -[9, —0] = J,. The coefficient 5; measures the

difference-in-differences defined in Eq. (5.14).

5.6.2 Difference-in-difference-in-differences estimation (DiDiD)

In order to obtain a more robust analysis, diffeeem-difference-in-
differences approach is used. DiDiD includes mamgared groups in the estimation
than DID. The advantage of DiDiD approach is thditghto eliminate one more
systematic influence than DiD during the estimatpegiod. For example, systematic
influence on farmer and on senior citizens, DiD rapph only excludes the former
systematic influence whereas it is unable to elatgrthe latter one. DIDID approach

is able to eliminate two systematic influencesdquire more precise results.

In DIDID estimation, the sample is partitioned inteo groups according to
occupation. The farmer group is compared with the-farmer group. In addition, the
farmer group is also compared with the group of uf@cturing workers because
manufacturing workers have a similar socioecondpaickground to farmers. In the
non-farmer group several occupations are excluded, example, government
employees, teachers, military personnel and thpeialist occupations, namely
doctors, lawyers and certified public accountan®PA). The welfare of the
government employees, teachers and military pesddarsecured by the government
and their jobs are more stable than other occumatidhe three specialists usually

have a higher educational level and higher socio@mic status.
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Each group can obtain the effect of The Senior EarkVelfare Benefit
Interim Regulation by using difference-in-differescdesign shown in Eq. (5.16) and
Eq. (5.17). Further, the effect from the farmerugresubtracts the effect from non-
farmer group, which is shown in Eq. (5.18). DiDiBdaDiD share the same idea and
DiDiD can be regarded as the extension of DiD. phepose of aDiDing multiple
control groups is to isolate the treatment effdodsn potential factors unrelated to

Senior Farmer Welfare Benefit Interim Regulation.

SFWBIR — After SFWBIR __ BeforeSFWBIRy __ After SFWBIR __ BeforeSFWBI
(516) AFarmer - (H scC H scC R) (H Non-SC H Non-SC

SFWBIR — After SFWBIR_ BeforeSFWBIR _ After SFWBIR_ BeforeSFWBI
(517) (ANon—Farmer - (H scC H sC 3 (H Non-SC H Non-SC

(518) \SFWBIR — ASFWBIR _ A SFWBIR

Farmer Non-Farmer

where ASFWBIR

andH has been defined above. The indicators of subsapdrscripts
present the senior citizens and non-senior citizeefere and after Senior Farmer
Welfare Benefit Interim Regulation. The differenoeifference-indifferences

estimator can be expressed within a regressioneframrk with the pooling data
observed in 1989 and 1996. The regression is atbHE®Q):
(619 H, =4, +,SFWBIR+ y,SG + y,FHI, +y,SFWBIR* SG
+).SG * FHI, + ), SFWBIR* FHI, +),SFWBIR* SG * FHI,
+ﬁlxit +£it
whereFHI is an indicator variable for the group of farmers a random error term
and other variables have been defined in Eq. (518 effect of The Senior Farmer
Welfare Benefit Interim Regulation in Eq. (5.19)nche expressed asSFWBIR =
{[(yrtyztystyatystystyr)-(r2tyatys)-[(yatystye)-yslHI( y1t72+74)-y2l-[72-0} = y7. The
coefficient y; measures the difference-in-difference-in-diffeenadefined in Eq.

(5.18).
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5.6.3 Dependent and explanatory variables

Three dependent variables are specified: (1) iddadi self-assessed health
status, (2) individual scale of depression andirf@jvidual scale of life satisfaction.
The first dependent variable is a dichotomous Wéeiavith good and poor self-
assessed health status. The original variableivagditegorical responses: very good,
good, fair, poor and very poor. The value of 13signed to the responses of very
good and good and otherwise 0. Owing to the bimasponse model, the observed
variable, Hy, in Eq. (5.19) is dominated by a latent varialitg*, which can be
regarded as the health stock of the individualse Trdividuals would report their
health status as being very good or good when Htegilth stock is above 0; otherwise

fair, poor and very poor. Thus, a binary variabigidating the sign dfl;" is observed:

1 ifH, >0
0 if H, <0

it —

(620) H, ={

The second dependent variable is the scale of CE&Dange is between 0
and 30. The third dependent variable is the sdalé&saand its scale is between 0 and
10. X; is a vector of demographic and economic charatiesiof the individual: age,
square of age, gender, number of children, and damfor education level, marital

status, family scales, regions, and job types aesgely.

With respect to estimation, Probit model is use8AH analysis and ordinary

least square estimate (OLS) are used in CES-D &rathhalyses.

5.6.4 Regression discontinuity design

In the regression-discontinuity design only théadaf 1996 is needed and, at
that time, the Senior Farmer Welfare Benefit ImeriRegulation had been
implemented for one year. The treatment is assitpased on individual's age and 65

years old is a threshold:
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I =1{s 263
and estimation equation is as Eqg. (5.21):
(42 H;=a; + B, +A(s) +¢

where A(.) is a control function to correct endogeneityy &nd ¢;). The specific
functional form ofA(.) depends on distribution of assumption. Meansyhilequals to
a(s)+ &. On the one hand, substitutés)+ ¢ into Eq. (5.21). Under general conditions,

on the other hand{.) is continuous. Eq. (5.21) is rewritten as Eq2R).
(522 H,=a(s)+A; +4

whered =a(s)+A(s)and i =& +¢ .The sharp regression-discontinuity design

iIs used to estimate the treatment effect. The geeteeatment effect of the Senior

Farmer Welfare Benefit Interim Regulation is defirees
(623 E[B |s]=H"-H"

The two one-sided limits are estimated by usinglitinear regression (LLR)
in Eqg. (5.11) which is the average treatment effeotal linear regression has better
boundary property than the traditional kernel regien estimator and its bias does not

depend on the design density of the data (Hahh,62Q01). The estimator fdd* in

Eq. (5.23) is given by in Eq. (5.24).
(529 (a.b)=argniny (¥ -a-bs ~$)’K( WS 25)
& i=1

where K(.) is a kernel function and> 0 is a suitable bandwidth.
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5.7 Empirical Results

5.7.1 Difference-in-differencesestimates

The top columns (labelled baseline model) of Tabk report the effect of
the Senior Farmer Welfare Benefit Interim Regulatan self-assessed health status
without controlling the other characteristics i ttlifference-in-differences estimate.
The baseline model shows that the Senior FarmefavéeBenefit Interim Regulation
has no statistically significant effects on treatingroup. In the bottom columns of
Table 5-8, the other control variables identifiaddq. (5.15) are included. In the full
specification model, the coefficient of the Senkarmer Welfare Benefit Interim
Regulation on the treatment group is negative big hot statistically significant at
5%. Education, but only the junior high school leventributes the self-assessed
health status. People whose education level isn&bi high school level have a higher
probability of reporting good self-assessed healthitus compared with illiterate
subjects, holding other characteristics constainé dummies of marital status do not

have statistically significant effects on self-ass®l health status.

Age has a non-significantly negative effect on -asessed health status,
holding other characters constant. However, thedlgedummy has a significantly
positive effect on self-assessed health. The pilityabf males to report good self-

assessed health is higher than that of femaledingobther characteristics constant.

With respect to regional dummies, the north andsiiwgth have positive and
significant effects on self-assessed health condpavith the east and they are
significant at 1% and 5%, respectively. The selplyed and retired people have a
higher probability of reporting good self-assedsedlth than those who are defined as

the category of others.

Table 5-9 shows the results of estimates replatiagiependent variable with

CES-D. The Senior Farmer Welfare Benefit Interimg&®ation has negative effects
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on CES-D of treatment group in the baseline madelvever, the coefficient is not

statistically significant.

In the full specification estimate, the effect @n®r Farmer Welfare Benefit
Interim Regulation on treatment group has simiguits to the baseline estimate. It is
negative but not significant at 5%. With respectother control variables, median
family type, and self-employed job type have sigaifit effects on depression and
these variables are all significant at 1%. Withpees to family size and job type,
median families (5-10 people) report significan{l§.85 point) lower depression
compared with small families (1-4 people). Self-éoypd people report 1.068 units

lower depression score compared with people whalassed group others.

Table 5-10 presents the results of estimatingdé#tsfaction. In the baseline
model the effect of the Senior Farmer Welfare Beerleterim Regulation on the
treatment group is positive but not significanb&a. In the full specification model it
is also positive and not statistically significaiihe education dummies are positive
apart from the university dummy but only the prignachool and senior high school
dummies are significant. The people whose educdtian primary school and senior
high school levels report 0.335 point and 1.30In{sohigher for life satisfaction,

respectively, compared with illiterate subjectddiveg other characteristics constant.

With respect to marital status, the marriage andowhood have the same
and significant effects on the life satisfactionamked people report higher scores of
life satisfaction than single people by 2.675 pmmintolding other characteristics
constant. However, widows also report 1.925 higgwares for life satisfaction than
single people, holding other variables constantf-&eployed and retired people

report higher life satisfaction and their coeffitieare 0.64 and 1.687, respectively.
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Table 5-8 Difference-in-differences Estimate of SH® on SAH

Baseline Model

Coef. Std. Err.
SFWBIR (post 1995) 0.018 0.102
SC (Senior Citizen) -0.124 0.096
SFWBIR*SC 0.046 0.147

Full Specification

Coef. Std. Err.
SFWBIR (post 1995) -0.020 0.127
SC (Senior Citizen) -0.025 0.138
SFWBIR*SC -0.051 0.171
Other Characteristics
Education
Primary school 0.061 0.085
Junior high school 0.560** 0.211
Senior high school 0.069 0.317
University 0.493 0.583
Postgraduate - -
Marital Status
Marriage 0.833 0.631
Divorce 1.145 0.695
Widow 0.784 0.636
Age -0.138 0.129
Age2 0.001 0.001
Gender 0.211* 0.091
Family size
5-10 persons 0.055 0.078
More than 10 persons 0.071 0.156
Regional Dummy
North 0.573* 0.180
Middle 0.232 0.147
South 0.363* 0.148
Job type
Self-employed 0.570** 0.083
Family business 0.517 0.337
Employed 0.290 0.165
Retire 1.100** 0.363
No. of children 0.035 0.020

Sample Size
LR Chi2

Pseudo R2

1295
121.41

0.071

** Statistically significant at the 1% level

*Statistically significant at the 5% level

130



Table 5-9 Difference-in-differences Estimate of IH® on CES-D

Baseline Model

Coef. Std. Err.
SFWBIR (post 1995) 1.732** 0.359
SC (Senior Citizen) 0.033 0.316
SFWBIR*SC -0.623 0.512

Full Specification

Coef. Std. Err.
SFWBIR (post 1995) 1.882** 0.420
SC (Senior Citizen) -0.198 0.454
SFWBIR*SC -0.566 0.560
Other Characteristics
Education
Primary school -0.235 0.281
Junior high school 0.104 0.687
Senior high school -0.896 1.055
University 0.977 1.966
Postgraduate - -
Marital Status
Marriage -2.710 1.562
Divorce -2.591 1.856
Widow -1.761 1.583
Age 0.145 0.426
Age2 -0.001 0.003
Gender -0.401 0.298
Family size
5-10 persons -0.854** 0.257
More than 10 persons -0.736 0.518
Regional Dummy
North -0.627 0.581
Middle 0.261 0.459
South 0.362 0.466
Job type
Self-employed -1.068** 0.275
Family business 0.381 1.142
Employed -0.320 0.540
Retire -0.105 1.181
No. of children 0.012 0.065

Sample Size
F-statistics

R2

1282
4.56

0.077

** Statistically significant at the 1% level

*Statistically significant at the 5% level
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Table 5-10 Difference-in-differences Estimate o/A85R on LS

Baseline Model

Coef. Std. Err.
SFWBIR (post 1995) 0.021 0.198
SC (Senior Citizen) -0.247 0.184
SFWBIR*SC 0.189 0.291

Full Specification

Coef. Std. Err.
SFWBIR (post 1995) -0.017 0.233
SC (Senior Citizen) 0.061 0.248
SFWBIR*SC 0.071 0.312
Other Characteristics
Education
Primary school 0.335 0.155
Junior high school 0.560 0.376
Senior high school 1.290* 0.602
University -0.085 1.059
Postgraduate - -
Marital Status
Marriage 2.675** 0.842
Divorce 1.143 1.020
Widow 1.925* 0.853
Age 0.005 0.236
Age2 -0.0001 0.002
Gender 0.039 0.165
Family size
5-10 persons 0.268 0.142
More than 10 persons 0.496 0.283
Regional Dummy
North -0.053 0.320
Middle 0.146 0.254
South 0.415 0.259
Job type
Self-employed 0.640** 0.152
Family business 0.547 0.636
Employed -0.216 0.297
Retire 1.687* 0.660
No. of children 0.056 0.036

Sample Size
F-statistics

R2

1219
5.02

0.088

** Statistically significant at the 1% level

5.7.2 Difference-in-difference-in-differences estimates

*Statistically significant at the 5% level

In order to get more robust results, more camspn groups are included

in the estimate and the results are shown in Takld to Table 5-16. The extra

132



comparison groups in Table 5-11 to Table 5-13 heerton-farmer group. In Table

5-14 to Table 5-16, the extra comparison groupsherenanufacturing group.

5.7.2.1 Farmer group vs. Non-farmer group
In Table 5-11 the baseline estimate presents tieetedf the Senior Farmer
Welfare Benefit Interim Regulation on self-asseskedlth of treatment group is

positive but not statistically significant at 5%vét.

In the full specification of farmers and non-farnggoups case, the effect of
the Senior Farmer Welfare Benefit Interim Regulation self-assessed health of
treatment group is similar to that in baselinersate, positive but not statistically

significant at 5% level.

With respect to other characteristics, the estimafeeducation dummies are
all positive and statistically significant at 1% delf-assessed health compared with
illiteracy. The estimates are 0.233, 0.478, 0.688 8.673, respectively. The age
variable has a negative effect which is significaini% level on self-assessed health.
It reduces the probability of reporting good sedé@ssed health and the association is
nonlinear. The gender dummy, all the regional duesimand job type dummies apart
from family business are significant at 1% leveheTdummy of family business and
the number of children are significant at 5% levdle probability for males to report
good self-assessed health is higher than thatnodléss, holding other characteristics
constant. Finally, the regional dummies are allitpas and significant at 1% level.
The people in north, middle and south areas hagkeehiprobability to report good
health status than those in east, respectivelyfofghe job type, self-employed,
family business, employed, and retired people tagker probability to report good
self-assessed health compared with others, regpbctirfhe number of children also

increases the probability to report good SAH.
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Table 5-12 presents the results of the effecthefSenior Farmer Welfare
Benefit Interim Regulation on CES-D of treatmentug. In the baseline model, the
effect of the Senior Farmer Welfare Benefit InteriRegulation on CES-D of
treatment group is negative and significant at 8l In the full specification of
farmers and non-farmer groups, it maintains negdiwt not significant at 5% level.
The effect of the Senior Farmer Welfare Benefietimh Regulation reduces 0.992

point of depression of senior farmers compared thighnon-farmer group.

With respect to other control variables, all edismaidummies are negative
and are significant at 1% and 5% levels, respdgtiapart from postgraduate dummy.
People whose education is at primary school, juhigh school, senior high school,
and university levels report lower score of depmssompared with the illiteracy.
The estimates are -0.572, -0.712, -1.122, and 2]1.3Bspectively. The higher
education level people achieve the lower depressimme people report. The other
significant dummies, either at 1% or 5% level, gemder, family scales with 5-10
people and more than 10 people, all the dummieploftype except for family
business, and number of children. Males have lepsedsion than females by 0.699,
holding other variables constant, respective. Reapl the medium family (5-10
people) and large family (more than 10 people) Hase depression than those in the
small family by 0.589 point and 0.992 point, respety, holding other variables
constant. The people who are self-employed, emgdloynd retired have less
depression than others by 0.777 point, 0.709 paimd, 0.506 point, respectively. The
number of children also reduces the depression.nvéhtamily increases one child,

the depression score of the household members @rbP8 point on average.
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Table 5-11 Difference-in-difference-in-differendestimate of SFWBIR on SAH

(Farmer group vs. Non-Farmer group)

Baseline Model

Coef. Std. Err.
SFWBIR (post 1995) -0.102* 0.05
SC (Senior Citizen) -0.252** 0.052
FHI -0.181* 0.084
FHI*SC 0.128 0.109
FHI*SFWBIR 0.12 0.113
SFWBIR*SC -0.015 0.068
FHI*SC*SFWBIR 0.062 0.162

Full Specification

Coef. Std. Err.
SFWBIR (post 1995) -0.227** 0.063
SC (Senior Citizen) -0.002 0.067
FHI -0.125 0.090
FHI*SC 0.056 0.113
FHI*SFWBIR 0.130 0.117
SFWBIR*SC 0.030 0.082
FHI*SC*SFWBIR 0.024 0.168
Other Characteristics
Education
Primary school 0.233** 0.04
Junior high school 0.478** 0.062
Senior high school 0.623** 0.075
University 0.673** 0.089
Postgraduate - -
Marital Status
Marriage -0.027 0.125
Divorce -0.142 0.152
Widow -0.055 0.129
Age -0.167** 0.050
Age2 0.001** 0.0004
Gender 0.131** 0.039
Family size
5-10 persons 0.038 0.034
More than 10 persons 0.065 0.08
Regional Dummy
North 0.337** 0.072
Middle 0.226** 0.070
South 0.282** 0.070
Job type
Self-employed 0.377** 0.047
Family business 0.324* 0.146
Employed 0.397** 0.049
Retire 0.201** 0.064
No. of children 0.018* 0.009

Sample Size
LR Chi2

Pseudo R2

6819
565.46

0.062

** Statistically significant at the 1% level

*Statistically significant at the 5% level



Table 5-12 Difference-in-difference-in-differendestimate of SFWBIR on CES-D

(Farmer group vs. Non-Farmer group)

Baseline Model

Coef. Std. Err.
SFWBIR (post 1995) 1.479* 0.165
SC (Senior Citizen) 0.239 0.176
FHI 0.061 0.278
FHI*SC -0.206 0.361
FHI*SFWBIR 0.253 0.395
SFWBIR*SC 0.593* 0.236
FHI*SC*SFWBIR -1.217* 0.564

Full Specification

Coef. Std. Err.
SFWBIR (post 1995) 1.645** 0.212
SC (Senior Citizen) -0.571* 0.223
FHI 0.17 0.303
FHI*SC -0.050 0.378
FHI*SFWBIR 0.199 0.394
SFWBIR*SC 0.497 0.271
FHI*SC*SFWBIR -0.992 0.561
Other Characteristics
Education
Primary school -0.572* 0.13
Junior high school -0.712* 0.210
Senior high school -1.122* 0.250
University -1.352** 0.299
Postgraduate -4.366 2.501
Marital Status
Married -0.582 0.409
Divorce 0.464 0.503
Widow -0.025 0.422
Age -0.019 0.166
Age2 0.0006 0.001
Gender -0.699** 0.131
Family size
5-10 persons -0.589** 0.111
More than 10 persons -0.992** 0.265
Regional Dummy
North -0.264 0.231
Middle 0.134 0.225
South -0.033 0.226
Job type
Self-employed -0.776** 0.160
Family business -0.685 0.495
Employed -0.709** 0.164
Retire -0.506* 0.217
No. of children -0.109** 0.029

Sample Size
F-Statistics

R2

6782
23.84

0.090

** Statistically significant at the 1% level

*Statistically significant at the 5% level



The last part in this section is the estimate f& #atisfaction. Table 5-13
provides the results of the effect of the Seniorntea Welfare Benefit Interim
Regulation on life satisfaction of the treatmenouyr. In the baseline model, the
estimates of the Senior Farmer Welfare Benefitriméregulation on life satisfaction
of treatment group are positive but not significant% level. However, in the full

specification, it turns to negative and still nigingficant at 5% level.

With the respect to other variables, the educatimmies apart from
postgraduate dummy, married and divorced dummied,t&0 dummies of family
size, regional dummies of middle and south, selpleyred and retired dummies, and
the number of children are significant either at d%5% level. People with the
education at primary school, junior high schoohise high school and university
levels have higher life satisfaction than those atmilliteracy by 0.669 point, 1.259
points, 1.487 points and 1.415 points, respectjedyding other variables constant.
Married people have higher life satisfaction andodied people have lower life
satisfaction than single people by 0.763 point @rd5 point, respectively, holding
other variables constant. People in the mediumlja{6i10 people) and large family
(more than 10 people) have higher life satisfactlmam in small family (1-4 people)
by 0.243 point and 0.576 point, respectively, hajdother variables constant. The
people living in the middle and south have higlifer datisfaction than those living in
the east area by 0.266 point and 0.405 point. Adhie job type, the self-employed
and retired people usually have higher life sattséfm than those categorized in others
by 0.494 point and 0.506 point, respectively. Thwnher of children in the family

also increases the life satisfaction of individuat9.106 point
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Table 5-13 Difference-in-difference-in-differendestimate of SFWBIR on LS

(Farmer group vs. Non-Farmer group)

Baseline Model

Coef. Std. Err.
SFWBIR (post 1995) 0.065 0.101
SC (Senior Citizen) -0.238* 0.104
FHI 0.242 0.164
FHI*SC -0.009 0.211
FHI*SFWBIR -0.044 0.222
SFWBIR*SC 0.16 0.139
FHI*SC*SFWBIR 0.028 0.322

Full Specification

Coef. Std. Err.
SFWBIR (post 1995) -0.158 0.12
SC (Senior Citizen) 0.165 0.126
FHI 0.079 0.17
FHI*SC -0.027 0.212
FHI*SFWBIR 0.074 0.223
SFWBIR*SC 0.244 0.154
FHI*SC*SFWBIR -0.094 0.32
Other Characteristics
Education
Primary school 0.669** 0.074
Junior high school 1.259** 0.120
Senior high school 1.487* 0.143
University 1.415* 0.170
Postgraduate -1.660 1.696
Marital Status
Marriage 0.763** 0.236
Divorce -0.615* 0.289
Widow 0.293 0.243
Age -0.063 0.095
Age2 0.0003 0.0007
Gender -0.117 0.075
Family size
5-10 persons 0.243* 0.063
More than 10 persons 0.576** 0.149
Regional Dummy
North -0.070 0.135
Middle 0.266* 0.131
South 0.405** 0.132
Job type
Self-employed 0.494** 0.092
Family business 0.520 0.288
Employed 0.181 0.093
Retire 0.506** 0.125
No. of children 0.106** 0.017

Sample Size
F-Statistics

R2

6422
20.84

0.084

** Statistically significant at the 1% level

*Statistically significant at the 5% level



5.7.2.2 Farmer group vs. Manufacturing group

The baseline model in Table 5-14 shows thecefof the Senior Farmer
Welfare Benefit Interim Regulation on self-assesbkedlth of treatment group is
negative and non-significant at 5% level. In thdl fpecification, it maintains
negative and statistically non-significant. Thengfigant variables are the dummies of
junior high school, senior high school, gender,ioegl dummies, and the self-
employed and employed dummies. These dummies hggaificant at 1% level
apart from the dummy of middle region. People vitib education at junior high
school and senior high school levels have highebatility to report good health
status than those who are illiteracy, holding othariables constant. Males have
higher probability to report good health statusnttiamales. People in the north,
middle, and south areas have higher probabilingpmrt good health status compared
with those in the east. Finally, the self-employedl retired people have higher
probability to report good health status comparéith whose categorized in others,

respectively.

The baseline model in Table 5-15 shows that theoBdrarmer Welfare
Benefit Interim Regulation reduces the depressibrir@atment group and it is
significant at 5% level. In the full specificatiomodel, the effect of the Senior Farmer
Welfare Benefit Interim Regulation on CES-D of treant group maintains negative
and significant at 5% level. The Senior Farmer \AfelfBenefit Interim Regulation

reduces the depression of treatment group by Jp6Rgs.

With respect to the control variables, only the dunrof family size of 5-10
persons, and the dummies of self-employed and gmglgob types are significant
either at 1% or 5% level. Finally, people in theddie family (5-10 persons) report
less depression than those in small family sizé ffersons) by 0.679 point, holding

other variables constant. The self-employed and l&yad people have less
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depression than those categorized in others by6lfd@nts and 0.677 point,

respectively.

The baseline model in Table 5-16 shows the effécthe Senior Farmer
Welfare Benefit Interim Regulation on life satidfao of treatment group is positive
but not significant at 5% level. In the full specdtion model, it maintains positive

and not significant at 5% level.

With respect to other variables, the significaninduies are primary school,
junior high school, senior high school, large famgize, self-employed job type,
retirement, and the number of children at 1% and|&%&ls, respectively. People
whose education is at primary school, junior highaol, and senior high school
levels report higher life satisfaction than thoséhvilliteracy by 0.349 point, 0.871
point, and 1.352 points, respectively, holding othariables constant. People report
higher life satisfaction in large family size themsmall family by 0.608 point. Self-
employed and retired people have higher life sattgin than those categorized in
others by 0.64 point and 0.768 point, respectivielyally, the number of children also

increases individual’s life satisfaction and iteffizient is 0.069.
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Table 5-14 Difference-in-difference-in-differendestimate of SFWBIR on SAH

(Farmer group vs. Manufacturing group)

Baseline Model

Coef. Std. Err.
SFWBIR (post 1995) 0.091 0.12
SC (Senior Citizen) -0.302* 0.141
FHI -0.239 0.122
FHI*SC 0.78 0.17
FHI*SFWBIR -0.073 0.157
SFWBIR*SC 0.047 0.236
FHI*SC*SFWBIR -0.0002 0.278

Full Specification

Coef. Std. Err.
SFWBIR (post 1995) -0.110 0.154
SC (Senior Citizen) -0.181 0.169
FHI -0.096 0.142
FHI*SC 0.150 0.181
FHI*SFWBIR 0.071 0.171
SFWBIR*SC 0.116 0.262
FHI*SC*SFWBIR -0.142 0.293
Other Characteristics
Education
Primary school 0.096 0.072
Junior high school 0.599** 0.143
Senior high school 0.579** 0.206
University 0.597 0.344
Postgraduate - -
Marital Status
Marriage 0.005 0.276
Divorce -0.108 0.323
Widow 0.020 0.285
Age -0.138 0.097
Age2 0.001 0.001
Gender 0.197** 0.075
Family size
5-10 persons 0.033 0.063
More than 10 persons 0.067 0.133
Regional Dummy
North 0.569** 0.141
Middle 0.263* 0.128
South 0.377* 0.129
Job type
Self-employed 0.552** 0.077
Family business 0.363 0.245
Employed 0.458** 0.102
Retire 0.291 0.178
No. of children 0.010 0.017

Sample Size
LR Chi2

Pseudo R2

1958
181.35

0.069

** Statistically significant at the 1% level

*Statistically significant at the 5% level
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Table 5-15 Difference-in-difference-in-differendestimate of SFWBIR on CES-D

(Farmer group vs. Manufacturing group)

Baseline Model

Coef. Std. Err.
SFWBIR (post 1995) 1.119** 0.379
SC (Senior Citizen) -0.344 0.459
FHI 0.414 0.407
FHI*SC 0.377 0.557
FHI*SFWBIR 0.613 0.522
SFWBIR*SC 1.505 0.839
FHI*SC*SFWBIR -2.129* 0.983

Full Specification

Coef. Std. Err.
SFWBIR (post 1995) 1.549** 0.498
SC (Senior Citizen) -0.995 0.540
FHI 0.269 0.459
FHI*SC 0.620 0.578
FHI*SFWBIR 0.373 0.554
SFWBIR*SC 1.363 0.833
FHI*SC*SFWBIR -1.923* 0.933
Other Characteristics
Education
Primary school -0.339 0.230
Junior high school -0.670 0.451
Senior high school -0.931 0.648
University -1.400 1.100
Postgraduate - -
Marital Status
Marriage -0.627 0.868
Divorce 0.243 1.020
Widow 0.202 0.896
Age 0.202 0.309
Age2 -0.001 0.002
Gender -0.442 0.237
Family size
5-10 persons -0.679** 0.200
More than 10 persons -0.810 0.429
Regional Dummy
North -0.573 0.436
Middle 0.044 0.389
South 0.026 0.395
Job type
Self-employed -1.067** 0.244
Family business 0.494 0.799
Employed -0.667* 0.325
Retire -0.290 0.576
No. of children -0.048 0.053

Sample Size
F-Statistics

R2

1941
6.09

0.079

** Statistically significant at the 1% level

*Statistically significant at the 5% level
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Table 5-16 Difference-in-difference-in-differendestimate of SFWBIR on LS

(Farmer group vs. Manufacturing group)

Baseline Model

Coef. Std. Err.
SFWBIR (post 1995) 0.321 0.242
SC (Senior Citizen) 0.038 0.269
FHI 0.562* 0.245
FHI*SC -0.285 0.326
FHI*SFWBIR -0.3 0.313
SFWBIR*SC -0.154 0.47
FHI*SC*SFWBIR 0.343 0.553

Full Specification

Coef. Std. Err.
SFWBIR (post 1995) -0.023 0.287
SC (Senior Citizen) 0.355 0.308
FHI 0.337 0.262
FHI*SC -0.316 0.329
FHI*SFWBIR -0.002 0.318
SFWBIR*SC 0.042 0.477
FHI*SC*SFWBIR 0.016 0.535
Other Characteristics
Education
Primary school 0.349** 0.132
Junior high school 0.871** 0.258
Senior high school 1.352** 0.373
University 0.311 0.618
Postgraduate - -
Marital Status
Marriage 0.817 0.488
Divorce -0.508 0.583
Widow 0.057 0.505
Age -0.018 0.177
Age2 0.0001 0.001
Gender -0.041 0.137
Family size
5-10 persons 0.167 0.115
More than 10 persons 0.608* 0.243
Regional Dummy
North -0.041 0.251
Middle 0.201 0.224
South 0.333 0.228
Job type
Self-employed 0.640** 0.141
Family business 0.452 0.464
Employed 0.311 0.187
Retire 0.768* 0.329
No. of children 0.069* 0.03

Sample Size
F-Statistics

R2

1849
5.61

0.077

** Statistically significant at the 1% level

*Statistically significant at the 5% level
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5.7.3 Regression-discontinuity estimates

The conditional mean is estimated nonparanalyi by means of local
linear regression when choosing both kernel andiwalth. The Gaussian kernel is
used and several alternative choices of the barndvade considered to check the

robustness of the findings.

Table 5-17 Estimate of SFWBIR on Health Indicatamd Life Satisfaction

( boostrap standard errors reported in parentheses)

Bandwidth SAH CES-D LS
1 0.16