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Abstract
Over the coming decades, many developing countries are set to face unprecedented challenges. While their population is aging extremely fast, the old-age
income supports are inadequate and fiscal resources are limited. This study
develops an overlapping generations model (OLG) with formal and informal
sectors for a middle-income country. Besides aging population structure overtime, the model incorporates common features of developing countries – a sizable
informal sector, a connectedness between the formal and informal sectors, and
inadequate pension provisions. The households are heterogeneous with respect
to their education, formality status, and survival probabilities. The model is calibrated to Thailand’s economy where the government budget structure is based
on the country’s fiscal historical data, and the basic universal pension scheme
and Social Security scheme are realistically specified. We assess the costs of
these two schemes under three long-run scenarios : (i) introducing indexation
to the currently non-indexed schemes; (ii) triple increasing the basic pension
scheme; and (iii) specifying the basic pension to proportionally decrease with
the Social Security benefits. Using a consumption tax to quantify the costs, the
consumption tax must be increased by three, eleven and nine percentage points
from the current level, respectively. The Social Security scheme is projected
to be unsustainable, with its fund depleted in 2045. Without any reform and
benefit cuts, the scheme requires a drastic increase in the contribution rate.
Welfare gains and losses across household types and redistributive impacts of
the reforms are discussed.
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Social Security, Thailand
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Introduction

Declining fertility and increasing longevity led to the rise of older population shares
throughout the world. For each country, however, population aging comes with uneven
timing, pace, and different levels of preparedness. It took the United States and the
United Kingdom 69 and 45 years, respectively, for the share of the population aged
65 years or older to double from 7% to 14%. For Malaysia, Indonesia and Thailand,
their analogous elderly shares doubled within 20 years (World Bank, 2015). Compared
to developing countries, the high-income countries are better prepared for an aging
society with sizable economic outputs and a much smaller informal economy. The
latter implies smaller coverage gaps for social protection – including old-age income
supports, and also larger tax bases where the government can potentially raise more
tax revenue when needed.
Facing a limited resource, the choice between universal and targeted interventions
in developing countries has been debated. The proponent for targeting often argues
that universal income support is inadequate and making it adequate is not fiscally
affordable. In contrast, the opponent points out that targeting can be less efficient
because of inclusion and exclusion errors. Thailand, a middle income country, is one
of such examples. The country is at a critical junction where most elderly find their
basic universal pension income inadequate, but uniformly increasing such provision
requires considerable financing resources. Although some Thai elderly can currently
rely on their children for support, the longer life expectancy and lower fertility rate
have weakened this informal insurance mechanism over time. (N. Lekfuangfu et al.,
2020).
This article develops an overlapping generations model (OLG) to understand the
challenges of a middle-income country when facing a rapidly aging population, inadequate old-age income supports, and fiscal constraints. While we focus on Thailand, the
country shares similar features to other developing countries, such as a large informal
sector, initially immature pension schemes, and inadequate old-age income supports,
especially among people in the informal sector. Also, similar to what was documented
for Brazil (Meghir et al., 2015) and Mexico (Bosch et al., 2007), Thailand’s formal
and informal sectors are quite connected, with many workers mobilizing between the
two sectors. This is opposite to the duality view where the two sectors were modeled
as parallel disconnected economies (e.g., Rauch (1991)).
Our OLG model is calibrated to mimic Thailand’s important trends – population
aging, a rise in the level of education among the younger cohorts, and an exit from
the formal sector to the informal sector as workers age. The last feature, while being
discussed in development literature, has not been incorporated in an OLG model. The
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model incorporates realistic key old-age support schemes – namely the Social Security
(SS) scheme and the universal basic pension scheme (Old-Age Allowance - OAA). The
government’s revenue and spending are based on the country’s actual budget structure.
Within the same generation, households are allowed to be heterogeneous with respect
to education and formality status. Across generations, the younger cohorts live longer
and obtain higher education.
Our calibrated full life-cycle model provides insights into the impacts of aging
and policy interventions on household behaviors in Thailand. Our contribution to
the existing literature studying population aging and old-age poverty in Thailand
is to provide a projected cost of Thai pension system and to analyze the reforms
of OAA program. Our analysis takes into account the transition periods. Using
the consumption tax (Value Added Tax - VAT) to quantify the costs, we illustrate
that by introducing indexation to the OAA alone, population aging requires VAT to
increase by three percentage points. Moreover, the current SS scheme is projected to
be unsustainable. Without any reform, the scheme likely requires a sharp benefit cut
or a jump in contribution rate in 2054. Two scenarios of pension reforms are evaluated.
The first reform triple increases the OAA to approximately the country’s poverty line.
The second reform harmonizes the SS and OAA scheme, and the amount of OAA
benefit would proportionally decrease with the SS benefit. Effectively, both scenarios
imply that informal workers would receive the same benefits. The difference are the
level of OAA the SS beneficiaries would receive; and the level of VAT needed to finance
the scheme. We find that VAT is required to increase in both cases significantly but
more so in the first case. The redistributive impact is discussed.
The article is organized as follows. The next section provides a background of
Thailand’s economy, its old-age income support system, and related studies. Section
3 presents the OLG model. Section 4 explains calibration strategies of the model
parameters. The results for the initial equilibrium and long-run baseline are presented
in Section 5. Sections 6 and 6.2 discuss the two reform scenarios and their associated
welfare and poverty rate changes, respectively. The last section provides a conclusion
and discussion.

2
2.1

Background and related studies
Thailand’s economic structure

Thailand is aging rapidly. In the next twenty years, the ratio of the Thai population
aged 65 years or older will be doubled from 13 to 26 percent. Like other countries,
the aging population structure is driven by declined fertility rates and increased life
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expectancy. Between 1980 and 2019, while the total birth per woman declined from
3.4 to 1.5, the life expectancy increased from 64 to 77 years old.1
Besides population aging, Thailand has undergone several structural changes over
the past three decades. First, the education levels of its population significantly
rose over time. For those born between 1941 and 1945, the high school and college
educated shares were only 9% and 4%, respectively. For those born five decades later,
the analogous shares rose to 61% and 23%, respectively (see Table 1).2
Table 1: Education shares
Birthyear
1913-1915
1916-1920
1921-1925
1926-1930
1931-1935
1936-1940
1941-1945
1946-1950
1951-1955
1956-1960
1961-1965
1966-1970
1971-1975
1976-1980
1981-1985
1986-1990
1991-1995

Primary
98.5
94.4
94.1
94.2
94.1
91.7
87.1
86.1
83.4
75.7
69.1
61.4
51.3
35.1
22.1
18.8
16.1

High school
1.4
3.5
4.3
4.4
4.0
5.5
8.8
8.6
9.5
14.9
20.6
27.7
34.2
44.5
54.1
58.3
61.0

College
0.1
2.2
1.6
1.3
1.9
2.8
4.1
5.3
7.2
9.4
10.3
10.9
14.6
20.4
23.8
22.9
22.9

Second, while the informal sector still plays a major role in the Thai economy, the
formal sector has expanded. The number of workers registered with the compulsory
Social Security scheme (known as Article 33), increased from 6 millions in 2002 to
more than 11 millions in 2020 whereas the total number of workers during the same
period increased from 35.8 to 38 millions. The agriculture sector, once the country’s
backbone, has largely shrunk from approximately two-thirds to one-third of the workforce. The decline is offset by the rise in shares of the manufacturing, trade, and
service sectors. As expected, the higher educated groups are more likely to work in
the formal sector. The formal and informal sectors, however, are not disconnected
as many workers work in the formal sector when young and exit to the informal sec1

data.worlddbank.org
The higher education trend is likely driven by both the reduction in poverty and several education
reforms. In 1978, the primary education compulsory reform was enacted. In the 1999 National
Education Act, the compulsory education was extended to nine years and high school education in
public schools is free (all 12 years). In addition, several educational loan programs were established.
2
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tor as they age. Figure 1 presents the number of Social Security members (Article
33) by age group and birthyear. For each birthyear cohort, the number of members
declined as they age since about 30 years old. Table 2 illustrates a similar pattern
with additional information that the informal sector size strikingly increases in age,
especially the self-employed group. This group includes both the self-employed with
and without employees, and they are mostly in agricultural or retailed trade sectors.
Typical informal private employees are maids, nannies, private drivers, or employees
of the informal self-employed group. The exit from the formal to the informal sector
as workers get older could partly reflect a practice of age discrimination in Thailand,
especially in the formal sector, where employers often require applicants to be younger
than 30 or 35 years. (N. W. Lekfuangfu et al., 2016).

Figure 1: The number of Social Security member by Age Group and Birthyear.
Third, the Thai economy steadily grew before the pandemic, with the average
growth rate of GDP per capita 3.6% per year between 2000-2020. Average earnings
rose with education, and those in the formal sector earn more for the same level
of education. Return to experience, however, is clearly observed only for high-skill
workers. The wage-age earnings profiles for high school and lower education groups
are relatively flat.

2.2

The old-age income support scheme

Thailand has several old-age income support schemes, ranging from contributory
schemes for the formal sector, voluntary savings schemes for the informal sector to the
universal non-contributory social assistance scheme. However, most of the schemes
are still immature. The oldest and most mature scheme is the government pension
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Table 2: Shares of Workers by Age and Work Status
Age
25
30
35
40
45
50
55
60
65

Formal
SS Non-SS
39.6
5.9
36.4
7.6
32.0
8.0
24.0
8.1
18.7
7.7
13.2
9.0
8.7
11.2
3.3
2.6
1.9
0.8

Informal
Private employee Self-emp.
22.4
32.1
18.8
37.3
17.0
43.0
15.3
52.6
13.8
59.8
11.6
66.3
10.1
70.1
8.9
85.2
7.1
90.2

scheme covering civil servants.3 Most other formal sector workers are covered by the
mandatory Social Security scheme. The exceptions are state enterprise workers, private school teachers, and workers for foreign entities. These groups are covered by
their own pension schemes or provident funds. The Social Security (SS) scheme, also
known as Article 33, requires contributions from three parties at the rates of 5% of
monthly earnings from employees, 5% from employers and 2.75% from the government. The maximum Thai Social Security taxable earnings remain at 15,000 THB
since the fund started. Although the Thai Social Security Act was enacted since 1990,
the old-age pension fund was introduced in 1998 and the full coverage of all firm sizes
began in 2002.4 In 1990, there were only four types of benefits provisions: health,
disability, maternity, and death. The old-age pension and child allowance provisions
were introduced in December 1998, called ”two-type benefits”. The last added provision was unemployment insurance in 2004. The contributions are allocated to these
seven types of benefits as shown in Table 3.5
Under the Social Security Article 33 scheme, the beneficiaries need to have paid
contributions for at least 180 months (15 years) to qualify for an annuity. SS members who contributed between 12 and 179 months are eligible to receive a lump sum
benefit, equaling the sum of their own and their employer’s contributions. Those who
contributed less than 12 months receive a lump sum benefit equalling their contribution. The SS pension eligibility age is 55. The pension benefits are calculated as 20%
of the average salary of the last 60 working months, with an increment of 1.5% for
3

Government employees employed before 1997 receive Old Civil Servant Pension, which is annuity
pension. Those employed after 1997 were enrolled into the Government Pension Fund, a provident
fund. These young cohort still receive lifetime pensions from the Old Civil Service Pensions but at
a lower rate (Ratanabanchuen, 2019).
4
Originally, the law required employers in non-agricultural sectors with 20 or more employees to
register. It was later extended to cover employers with ten or more employees in 1993 and then
employers with at least one employee in 2002.
5
During crises, contribution rates were reduced.
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Table 3: Social Security Contribution Rates
4-benefit type
(health, maternity, disability, death)
2-benefit type
(old-age pension, child allowance)
Unemployment benefit
Total

Employee
1.50%

Employer
1.50%

Government
1.50%

3%

3%

1%

0.50%
5%

0.50%
5%

0.25%
2.75%

every additional year for those contributing more than 15 years.
Regarding informal workers, there exist three voluntary public schemes: (i) SS
Article 39 for those who used to be an Article 33 member; (ii) SS Article 40 for anyone
without a pension provision; and (iii) the National Savings Fund (NSF), established
in 2015. SS Article 39 requires a fixed contribution rate of 439 THB per month,
treated as equivalent to a monthly salary of 4800 THB and counted as contributions
to Article 33. Article 40 provides a (small) lump sum pension benefits together with
other benefits such as illness and death. The NSF offers retirement annuity when
eligible members reach the age of 60. An informal worker can choose to join only
one of these public voluntary schemes.6 Although the government provides matched
contributions to incentivize workers to participate, the match rate is quite low and
the overall uptake rates of these voluntarily scheme remain modest (see Wasi et al.,
2021).
Since 2009, all Thai citizens aged 60 years or older except retired civil servants
are eligible for a universal basic pension, the old-age allowance (OAA). Initially, the
benefit amounts were 500 THB per month for all age groups but were changed to 600,
700, 800, 1000 THB for those aged 60-69 years, 70-79 years, 80-89 years, and 90 years
or older, respectively, in 2011. Before 2009, elderly assistance income was meanstesting resulting in about one-fourth of the elderly receiving the allowance (Survey of
Older Persons 2007).
While Thailand has several old-age income support schemes, the pension benefits
appear somewhat inadequate and regressive. Among the elderly households, the significant part of their income is the private transfer from their relatives or children
(N. Lekfuangfu et al., 2020). In addition, although the formal sector expanded and
Thai people healthy living years increased, the norm of retirement age for the formal
sector has remained at 55 or 60. The norm is likely driven by the fact that the Social
Security eligible age has remained at 55, and the Civil servants’ mandatory retirement
age has remained at 60.
6

There are three options for Article 40. Option 1 does not provide any lump sum or pension
income, while Options 2 and 3 do. Therefore, those choosing Article Option 1 can also join NSF.
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2.3

Previous studies

There is a vast literature analyzing the effects of a social security reform or pension
reform for developed countries, especially on the US, Japan, Australia, and Germany.
Most literature build on the seminal OLG framework of Auerbach and Kotlikoff (1987)
(AK henceforth) that accounts for features like realistic demographic assumptions,
many living generations at a given time and cross-cohort redistribution of heterogeneous agents. Some of the literature include the work of Kitao (2014) that examines
the welfare and economic impacts of four sustainable social security policy options in
response to population aging. Nishiyama (2015) also adopt AK framework and incorporate detailed US demographics and social security system to analyze aging impacts
on individual households, government budget, and aggregate economy and found that
there is a strong trade-off between efficiency and equity of policy options. Other literature include, for example, Huggett and Ventura (1999), Imrohoroğlu and Kitao
(2012), Kudrna et al. (2019), Conesa and Krueger (1999), Attanasio et al. (2007).
Regarding developing countries, there are only a few studies developing an OLG
model to analyze the long-term impact of public policy changes. Some of the challenges
in using an OLG framework for developing countries include their large informal sector,
the existence of many social security systems, within family private transfer, and
complex relations between the formal and informal sectors, all of which require more
complicated modeling structure and calibration. Among a few pieces of literature,
Jung and Tran (2012) developed an OLG framework for the Brazilian economy with a
large informal sector, parent-children two-sided altruism, and occupational choice to
study social pension programs to elderly informal sector workers. Song et al. (2015)
analyzed welfare effects of alternative pension reforms of China, keeping the household
structure production side relatively simple. And Kudrna et al. (2022) developed an
emerging market OLG model for Indonesia to examine economic and welfare impacts
of pension policy targeted to formal and informal labor along with the projected
demographic transition.
For Thailand, we are not aware of any study using OLG to analyze this problem.
ILO (2016) carried an actuarial valuation of Thailand’s Social Security scheme as of
December 2013. The valuation analyzed each type of benefit separately. For the oldage pension scheme, the report projected that without any change, contributions will
be sufficient to meet all annual expenditures until the year 2034 and from 2043 the
SSF reserve will start to decrease and finally be depleted in 2054. Therefore, ILO
recommended an increase in the pensionable age, an increase in the contribution rate
or the combination of the two. Besides, the ILO also recommended SSO to adopt
a financing and funding policy to formalize the long-term funding objectives of the
scheme. While the SSO annual report in 2015 also recognized that the scheme needs
8

a reform, nothing has changed.
Our work differs from the ILO’s report in several ways. First, we did not focus
only on the Social Security old-age pension scheme, but also the old-age allowance – a
key source of income for informal or semi-formal workers. Second, we also analyze the
impact across different types of households. Third, we allow for transition from the
formal to the informal sector while keeping track of their working history, resulting
in households getting a different amount of lump sum and annuity pensions. Lastly,
our developed OLG model allows consumption and labor supply to be endogenous,
which means a higher contribution rate may also affect hours worked and lead to lower
earnings for some households and lower income tax revenues for the government.

3

Model

We set year 2000 as our initial steady state benchmark year which is prior to the
introduction of SS system. Afterward, the economy is in transition due to the following
forces. First, the population structure is aging and reach its new stable structure in
year 2200. Second, the old-age pension provision of the SS system7 and the OAA are
introduced in year 2005, requiring policy variables adjustments to balance budgets.8
(Our model period is corresponding to 5 years.)
This section describes our overlapping generation model with two private sectors,
namely formal and informal sectors. To study the effects of aging population on the
SS program and OAA, we focus on individuals working in private sectors who are the
main beneficiaries of the two programs. Their economic model is explained in Section
3.1. In Section 3.2, we discuss the Thai government budgets which also take into
account several other spending and revenues not explicitly modeled in Section 3.1.
For convenience, we normalize variables in our model by real GDP per capita.
Thus, one unit in our model is corresponding to real GDP per capita in that period.

3.1

Households in private sectors

In our model a household unit is an individual who enters the private labor market
at age 25 years old. They can live up to 99 years old with the age-dependent survival
probability ξjb , which is specific to their birthyear cohort (b). Denote age as j where
j = 1 is corresponding to age 25-29 years old and the maximum age J = 15 which
7

In the remaining part of the paper, we will refer to old-age provision part of SS program (Article
33) as SS program.
8
Since the participation in the voluntary public retirement accounts (Article 39 and 40) is very
low, we abstract these programs from the model.
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is equivalent to 95-99 years old. Individuals are ex-ante different in their education
level, namely, less than high school, high school, and college: e ∈ {L, H, C}.
Individuals derive utility from consumption (c) and leisure. They are endowed
with one unit of time which can be allocated for working (l) and leisure. We specify
their preference as


c1−νe · (1 − l)νe

ue (c, 1 − l) =

1−ρ

1−ρ

,

(1)

where ρ and νe are the coefficient of relative risk aversion and leisure weights. Their
future utility is discounted by βe . We set ρ to 2.0, which is in the range used in
the quantitative macroeconomic literature. To capture different economic outcomes
across education groups, we allow νe and βe to be education-specific and calibrate their
values by matching simulated working hours and accumulated assets in our model to
the corresponding statistics in the data.
Individuals can save in risk-free assets (a ≥ 0) and receive a fixed interest rate of
r. We set r to 4% (per year). We assume that individuals enter the labor market with
zero asset. Since we abstract from an intergenerational link, we assume that assets of
deceased individuals are equally distributed among living individuals with the same
education level.9
3.1.1

Formal and informal sectors

During their working age, individuals are exogenously assigned to work in either the
formal or informal sectors. Denote oj ∈ {0, 1}, where oj = 1 if an individual gets an
offer from the formal sector and oj = 0 if otherwise. Informal workers can flexibly
adjust their working hours. In contrast, the working hours in the formal sector is

inflexible and formal workers can only work full time: l ∈ 0, l . We set l = 0.4,
which is a fraction of 112 total available weekly hours10 or equivalent to working 45
hours per week.
To replicate the declining fraction of formal workers as they age due to the small
fraction of them moving to the informal sector as documented in Section 4.1.2, we
assume that individuals with a formal job offer can lose their offer in the next period with an education- and age-dependent probability 1 − πjo (e). Once exiting from
the formal sector, they can only continue working in the informal sector till their
retirement age. Thus, being in the informal sector is an absorbing state.11
9
For an alternative assumption where there exists an actuarially-fair one period annuity market,
see Storesletten et al. (2004)
10
We assume 16 available hours per day.
11
This is a simplified assumption as people usually switch sectors both ways in reality. However,
this assumption still represents the empirical trend that a fraction of formal workers decline with
age.

10

Following the mandatory retirement practice in Thailand, we fix the mandatory
retirement ages in the formal sector at 55 and 60 years old for high school and college
groups, respectively. In contrast, those moving to the informal sector prior to their
mandatory retirement ages can continue working till age 70 years old.
Note that once reaching their mandatory retirement age, people in the formal sector
cannot move to the informal sector. This is consistent with the SS administrative data
where there is a large increase in retirement at age 55 and 60 years old. The assumed
large friction to move from the formal sector to the informal sector among older workers
can be attributed to the difference in required human capital and skills between sectors.
Although not modelled as a choice, this switching feature also captures the selection
into retirement observed in the data. Specifically, those who plan to retire early would
choose to stay in the formal sector till their mandatory retirement while those who
plan to continue working longer would be better off moving to the informal sector
earlier to accumulated new skills.
Everyone working in the formal sector compulsorily participate in the SS program
and receive their SS benefit once they reach their eligible age (Jss ). Depending on
the number of years they work and participate in the program, their benefits can be
paid either in the form of lump sum or annuities till death. The benefit amount is
calculated from the SS benefit formula described in Section 3.1.3.
The earliest eligible age to collect the SS benefit is 55 years old. As observed in
the data, we assume that people who stay in the formal sector collect their benefits
at their mandatory retirement ages while SS participants who move to the informal
sector take their benefit at age 55 years old.
From age 60 years old onward, everyone receives OAA (OAAj ) of which amount
varies by age. We summarize the retirement age (JR ) and age to collect the SS benefit
(Jss ) and OAA (JOAA ) for each group in Table 4.

Retirement

SS benefita

OAA

All education in informal sector

70 (JR = 10) 55 (Jss = 7)

High school in formal sector

55 (JR = 7)

55 (Jss = 7) 60 (JOAA = 8)

College in formal sector

60 (JR = 8)

60 (Jss = 8) 60 (JOAA = 8)

a

60 (JOAA = 8)

For people ever paying the SS contribution.

Table 4: Retirement age and eligible age for SS benefit and OAA

3.1.2

Labor productivity shock

In each period t, working-age individuals aged j receive a labor productivity shock,
zjt (e, oj ), depending their age, education and current sector. Once they are retired,
11

we set their productivity to zero.
We parameterize the labor productivity shock as:

zjt (e, oj ) =




wt · λj (e, oj ) · exp ηj (e, oj ) ,

if j < JR

0

if j ≥ JR

(2)

where wt is the average aggregate productivity in period t. Denote the growth rate of
wt as µw . We set µw to 3.2% (per year) which is the average growth rate of Thai GDP
per capita in 2010-2019. λj (e, oj ) is the age-dependent deterministic productivity,
capturing return to experience which differs for each education and sector.
The persistent productivity shock ηj (e, oj ) follows a first-ordered discrete Markov
process. Given the next period sector oj 0 , we denote its conditional transition probability as πjη (ηj 0 |ηj , oj , oj 0 , e). Combining this transition probability with the probability
to continue being in the formal sector πjo (e), we can compute the transition probability
from state {ηj , oj } to the next period state {ηj 0 , oj 0 }.
3.1.3

SS system and OAA

Our SS system, assumed to be introduced in 2005, is modeled after the SS program in
Article 33. Everyone working in the formal sector must participate and contribute to
the system at the rate τss of 3% of his or her SS taxable earnings. We abstract from
the payroll taxes for unemployment and other benefits in Table 3.

yss =


min (e
y

max ,

l · zjt (e, oj ))

0

if oj = 1 and l = l

(3)

if otherwise,

yemax is the maximum earnings subject to SS payroll taxes, which is 15,000 Baht. The
SS contribution or payroll tax is
T axss = τss · yss

(4)

Once reaching eligible age (Jss ), individuals participating in the SS program are eligible for pension benefits. Those contributing less than 180 months (3 model periods)
will receive their benefit as a lump sum of which amount is equal to their accumulated contribution from both employers’ and employees’ parts. For those contributing
at least 180 months, they receive annuity pension benefits. The annuity amount depends on the number of contribution years (nss ) and their earnings during the last 5
contribution years (iss ).
To formalize the SS benefit formula in our model, let denote the accumulated
contribution up to age j from both employers’ and employees’ parts, called earning
12

points, as epj . For working-age individuals (j < JR ), the dynamic of accumulated
contributions to the next age j 0 is defined as 12

ep + 2 · T ax
j
ss
epj 0 =
ep
j

if oj = 1 and l = l

(5)

if otherwise.

Since the payroll tax in Eq (4) only counts the contributions of employees, we multiply
by two to obtain the total contribution. The dynamic of contribution years and average
earnings over the last 5 contribution years are:

nssj0 =


n

ssj

+ 1 if oj = 1 and l = l

n

ssj

issj0 =


y
i

(6)

if otherwise

ssj

if oj = 1 and l = l

ssj

if otherwise

(7)

Once reaching eligible ages for the SS benefits (JSS ), SS participants receive their
SS benefit, which is calculated as following:





0.2
+
0.015
×
5n
−
15
issj
ssj


penj (epj , nssj , issj ) = epj



0

if j ≥ Jss and nssj ≥ 3
if j = Jss and nssj < 3
if j < Jss

or nssj = 0
(8)

For SS participants who contribute at least 180 months (nssj ≥ 3), their annuity
benefit is a fixed fraction of their earnings during the last 5 contribution years. The
fixed fraction is equal to 20% plus 1.5% for each additional year of their contribution
after 15 years. Those who contribute less than 180 months get a lump sum benefit
epj at age Jss . SS participants can only claim benefits on their eligible ages shown in
Table 4.
In contrast to the SS program where beneficiaries must work in the formal sector
and pay their contribution, everyone is entitled to receive the OAA once reaching age
60 years old.13 The benefit schedule is increasing in age as shown in Table 5.
12

In practice, we need to keep track of epj only among SS participants whose contribution years
is no more than 180 months (nssj ≤ 3) since epj does not affect the annuity benefit. We also
abstract from those contributing less than 12 months and receiving a lump sum equals to their own
contribution only.
13
As of 2015, around 72% of eligible people takes the OAA benefit. We abstract from modeling
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age

monthly OAA

younger than 60

j < 8 or JOAA

-

60-69

j = {8, 9}

600 THB

70-79

j = {10, 11}

700 THB

80-89

j = {12, 13}

800 THB

90 or older

j = {14, 15}

1,000 THB

Table 5: OAA schedule
3.1.4

Taxation on households

Only formal workers pay income taxes.14 The income tax base (ybase ) includes both
earnings net of the SS contribution and interest income. We parameterize the progressive tax function as:



5 · exp λ1 + λ2 · ln(ybase /5)
if oj = 1 and l = l,
T axy =
0
if otherwise,

(9)

where the income tax base is defined as
ybase = r · a + l · zjt (e, oj ) − T axss .

(10)

The parameters λ1 and λ2 are estimated from the annual tax filing in 2015-2017 from
the Revenue Department. (See appendix A for details). Thus, in Eq(9) we convert
the 5-year income tax base into annual income before applying the tax function.
Unlike the income taxes, everyone pays consumption taxes (Value-Added Tax:
VAT). The existing VAT rate (τc ) is 7%.
3.1.5

Household’s optimization problems

Using the above setups and notations, we can formalize the households’ problem during
their working age and retirement. To simplify the notation, we abstract from the time
subscript t.15
a (one-time) fixed cost to participate in the program. It is likely that the application and benefit
transfer processes will be easier in the future, and the participation will increase.
14
The Thai tax codes stipulate that everyone who has annual interest income above 20,000THB
needs to pay tax on interest income. Based on the Deposit Protection Agency data (2017), the
median deposit is 3,142THB therefore it is less likely that the informal workers and retirees need to
pay tax on interest income.
15
In the steady state in the baseline year (2000) and after the economy reaching a stable aging
population (2200), the time subscript t is redundant since all variables are time-invariant. However,
these variables change over time during the transition between the two steady states.
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Working-age individuals (j < JR )
Individuals can work up to their retirement age (JR ) depending on their education and current working sector as described in Table 4. In each period, the set
of state variables of an individuals aged j in both formal and informal sectors is
xj = {aj , zj , epj , nssj , issj , oj , e}. Denote the value function of an individual in the
formal and informal sector as VjF (xj ) and VjI (xj ), recursively. The recursive problem
of an individual in the formal sector is16

VjF (xj ) = max

aj 0 ,cj ,lj



ue (cj , 1 − lj ) + βe ξjb πjo Ej VjF0 (xj 0 ) + (1 − πjo ) Ej VjI0 (xj 0 )

(11)

and the problem of one in the informal sector is

VjI (xj ) = max

aj 0 ,cj ,lj

ue (cj , 1 − lj ) + βe ξjb Ej VjI0 (xj 0 )

(12)

Each individual faces the budget constraint.

(1 + µw ) aj 0 = (1 + r)aj + lj zj (e, oj ) + Beq (e) − (1 + τc )cj − T axssj − T axyj

(13)

+ penj (epj , nssj , issj ) + OAAj ,

and the dynamic of epj , nssj , issj as shown in Eq (5)-(7).
The utility function u (cj , 1 − lj ) is specified in Eq (1) and the conditional expectations on the RHS of Eq (11) and (12) are over the labor productivity shock described
in Eq (2). The term 1 + µw in the budget constraint is derived from normalizing the
budget equation by the real GDP per capita. Beq (e) is the equally redistributed asset
of deceased individuals with the same education.
The SS contribution and income tax are defined in Eq (4) and (9), respectively, and
only formal workers pay them. Once reaching their eligible ages (Jss ), individuals who
previously pay their SS contribution will receive their benefit penj of which amount
is calculated from Eq (8).
The OAAj is the universal income support for all elderly who are at least 60 years
old (j ≥ JOAA ). OAAj is computed from the monthly benefit schedule in Table 5.
In the initial benchmark period (2000) prior to the introduction of the SS and OAA
systems, T axss , penj , and OAAj are set to zero.
16

The problem of individuals one period before their retirement age (j = JR − 1) is slighly different
since they will be fully retired in the next period. Thus, the expected value function on the RHS of
Eq (11) and (12) is replaced with the value function of retirees.
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Retirees (j ≥ JR )
After retirement, individuals can no longer work and receive their income from
OAA and SS benefit (if any). Their state variables are xR
j = {aj , ep, nss , iss , e}. Note
that {ep, nss , iss } are no longer changed but fixed to the values at age JR . Their
recursive problem is

b R R
VjR (xR
j ) = max ue (cj , 0) + βe ξj Vj 0 (xj 0 )

(14)

cj ,aj 0

subject to the budget constraint:
(1 + µw ) aj 0 =(1 + r)aj + penj (ep, nss , iss ) + OAAj + Beq (e) − (1 + τc )cj .

(15)

In the initial steady state, penj and OAAj are set to zero.

3.2

Government budgets

The government runs two separate budgets: the SS program and the general government budget. Since we model only the households in private sector, to fully capture
the total fiscal budget of Thai government, we need to add its other revenue sources
and spending. We discuss each budget in details below.
3.2.1

SS budget

The SS program is assumed to be launched in 2005, which is corresponding to the
first period during the transition. There are two sources of revenue for the SS fund
(SSF). First, both workers and their employers in the private formal sector contribute
equally to the fund. Second, the government gives subsidies which is equal to τg = 1%
of SS taxable earnings from formal workers.
Let xt be the state variables of households in period t and Γt (x) is its corresponding

R
measure, of which total measure is normalized to one
Γt (x) = 1 .
The SSF balance in period t can be written as:
Z
(1 + n) (1 + µw ) SSFt0 = (1 + rSSF )SSFt + (2τss + τg )
j<JR

Z
yss Γt (x) −

pen Γt (x)

j≥Jss

(16)
rSSF is the fixed rate of return on SSF. We set rSSF at 2.24% per year which is the
average historical return between 2016-2020 (3.61%) and subtracted by the 10-year
average rate of inflation (1.36%).
16

The last term is its spending on SS benefits among people aged 55 years old or
older. The term 1 + µw and 1 + n are derived from normalizing the SS budget by
GDP. This allows us to conveniently express the aggregate variables as a fraction of
GDP. We set the initial SSF1 in year 2005 to zero.17
3.2.2

General fiscal budget

Our general fiscal budget replicates the actual structure of government expenditures
and revenues during 2000-2020.
Government expenditures
We divide the expenditures into four categories, namely, (i) the debt repayment; (ii)
the OAA expenses for individuals in the private sector; (iii) the subsidies related to the
SS earnings, and (iv) the general public spending. We set the subsidy to the SS fund
(τg ) to 1% as in Table 3. Similar to the household’s payroll taxes, we abstract from
government subsidy on unemployment and other benefits. The general public spending
(Gt ) includes salary and pension of civil servants, government’s consumption and
investment, and other public expenses. We assume that the general public spending is
a fixed proportion of GDP and the fraction is set to 15.9%, which balances the general
fiscal budget in the benchmark year (2000).
Government revenues
In our model we divide the revenue into four groups, namely, (i) the income tax
from the formal workers; (ii) consumption tax from individuals in the private sector;
(iii) income tax and consumption taxes from non-private sector (N Pt ); and (iv) other
sources of revenue, (REVt ). The first two groups are explicitly captured by the private
sector in Section 3.1. For each individual in the non-private sector, we assume that
one’s income tax is equal to the income tax of average formal private workers and one’s
consumption tax is equal to average consumption tax of those who start their career
in the formal sector, i.e., those who receive pension after retirement. This assumption
reflects the fact that the excluded group — namely civil servants, state enterprise
workers, and employers — are likely in the upper income groups. We set θN P to
(8.9%/90.1%) which is equal to the ratio of individuals in the non-private sector and
the private sector in the LFS data. Finally, we fixed the revenue from other sources
at 9% of GDP , which is the average value during 2000-2020.
17

The SS program was gradually introduced prior to 2005. Thus, the balance of SS fund was 273
billion THB in 2005. Since we abstract from this initial amount, our projected depletion of SS fund
should be slightly earlier than the case when taking this initial balance into account.
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The difference between the revenue and expenditures is financed by new public
debt Dt0 . Eq (17) is the general fiscal budget normalized by GDP per capita.18

Z
(1 + n) (1 + µw ) Dt0 =

Z
T axy Γt (x) +

τc · c Γt (x) + REVt + N Pt

o=1 ∩ l=l

Z
− (1 + rB )Dt −

Z
OAA Γt (x) −

τg · yss Γt (x) − Gt ,

o=1 ∩ l=l

(17)
The income and consumption taxes from non-private sector is defined as
Z
N Pt = θN P

Z
(T axy ) Γt (x) + θN P

o=1 ∩ j<JR

τc · c Γt (x) .

(18)

o(j=1) =1

rB is the interest rate for government debts. We set rB to 0.9% (per year) which is the
average return of 10-year government bond during 2015-2020 (2.26%) and subtracted
by the 10-year average rate of inflation (1.36%).

4

Calibration

The base year of our model (period t = 0) is corresponding to the Thai economy in
year 2000. The introduction of SS system and the change in population structure take
place in year 2005 (t = 1) after which the economy goes though the transition periods
and reaches a new steady state in year 2200.
As discussed in Section 3, the institutional parameters are set to match the Thai
economy and we calibrate the remaining parameters in two steps. In the first step
we take/estimate a set of parameters directly from other studies or the data. Given
the parameters from the first steps we estimate the remaining parameters (βe , νe ) by
matching moments simulated from our model and the corresponding Thai statistics.19
We explain the two steps in Section 4.1 and 4.2, respectively, and refer our computation
method to solve the model to Appendix B.
18

The treasury reserve is omitted as it remains relatively constant over the years.
Actual statistics used are those of year 2016-2019. Prior to that the LFS does not distinguish
between private formal and private informal workers.
19

18

4.1
4.1.1

First step calibration
Population structure in base year (2000)

Our population structure in the base year is directly taken from the estimates of the

United Nations (UN). Specifically, we use the UN’s estimated survival probability ξjb
and age-share of population in year 2000.20 (See Figure 2.)

Figure 2: Population structure
It is worth noting that the survival probabilities of individuals living in the base
year do not depend on their birth cohort. This abstraction considerably reduces our
computational costs; otherwise, we need to add cohorts as an additional state variable.
We introduce cohort-specific survival probabilities when the economy experiences the
aging population. We discuss this in details in Section 5.1.
4.1.2

Transition from formal to informal sector : πjo (e)

We utilize both SS data and LFS to estimate the age- and education-specific probabilities to leave the formal sector. The SS data has a large advantage since it contains
all SS participants’ earnings history till they left their employers in the formal sector.
However, it does not have educational information. To impose individuals’ education, we turn to the sample of individuals working in the formal sector in the LFS
(2016-2019), and estimate an ordered logit model of their education using variables
observed in both the LFS and SS data. The covariates in the model include wage at
age 25 years old, gender, firm size, residence area (urban/rural) and their interactions.
Individuals’ education in the SS data is then assigned to the most likely education
level predicted by our estimated ordered logit model. Finally, for each education and
5-year age group, we estimate πjo (e) from the corresponding fraction of people who
left the program in SS data.
20

For the survival rates and the population share we use the median version of UN’s abridged life
table (both sexes) and population projection by age group (both sexes).
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Figure 3 shows the estimated exit probability by education conditional on being in
the formal sector last period. The high school group is more likely to leave the formal
sector than the college group. In addition, the exit rate is noticeably high among
young workers (around 40% and 25% for high school and college groups, respectively)
and continuously declines with age.

Figure 3: Trasition probabilities from formal to informal sector : πjo (e)
To obtain the initial joint distribution of education and sector, the 2nd and 3rd
columns of Table 6 shows the share of people aged 25-29 years old in each education
group. The corresponding fractions of formal workers by education are reported in
the last two columns.21 Since we assume that everyone with primary education works
in the informal sector, their fraction of formal workers is zero.22

Primary
High school
College

% of population
(base year 2000)
34 %
47 %
19 %

% of population
(2005-2200)
18 %
58 %
24 %

% of formal workers
(base year 2000)
0%
71%
29%

% of formal workers
(2005-2200)
0%
70%
30%

Table 6: Education share and shares by formal workers by education (age 25 years old)

4.1.3

Labor productivity

As discussed in Section 3.1.2, our hourly wage shock is characterized by the agedeterministic profile λj and the first-ordered Markov process ηj , both of which are
specific to education and sector. We estimate the profiles of λj from the LFS data.
Between age of 25 and 60 years old, we parameterize λj (o, e) as a polynomial degree
21
Since LFS sampling design is national representative whereas SS members tend to be in urban
areas, these fractions are scaled so that the generated number of SS members matches the data in
2015-2019.
22
The fraction of formal workers with primary education in the LFS (2016-2019) is 17%. This
omission should not affect our results since low educated people tend to quickly move out of the
informal sector later on. In addition, the share of people with primary education drastically declined
after 2000.
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2 of age. After the age of 60, the age-productivity decline linearly to zero at age of 80.
The age earning profiles are then scaled to match average income of all workers by
sector and education to the data (Figure 4). Workers with higher education are more
productive and, given the same education, those in the formal sector earn more than
those in the informal sector. Working productivity also increases with age at the rate
that is higher for high education group.

Figure 4: Deterministic wage profile (λj )
For each education level, we estimate ηj directly from the LFS (2016-2019). In
the following, we omit subscript e to simplify the notation. In our model, an individual draws his hourly wage shock ηj every five years and its 5-year transition can be
partitioned into three blocks, depending on the current and next period sectors.
oj 0 = 0
oj = 0



oj 0 = 1

ηj 0 |ηj , oj = 0, oj 0 = 0

−






oj = 1



ηj 0 |ηj , oj = 1, oj 0 = 0

ηj 0 |ηj , oj = 1, oj 0 = 1

For individuals continuing working in the same sector (oj = oj 0 ), we parameterize
their hourly wage shock as an AR(1) process:
ηj 0 = ρoη ηj + oj0 ;


o ∼ N 0, σ2o .

(19)

The implied cross-sectional variance of ηj can be written recursively as
ση2o0 = ρoη

2

j

ση2jo + σ2o .

(20)

We obtain the empirical counterpart of ηj from the LFS (2016-2019) by estimating
the log-wage regression separately for individuals working in the formal and informal
sectors:
21

log (wagej ) = f (age) + Dyearj + ηj .
wagej and Dyearj are individual’s hourly wage and year-dummy variable. f (age) is
polynomial degree two of age. Figure 5 shows the empirical cross-sectional variance
of ηj for each 5-year age group.23 By assuming that ση21o = σ2o , we can estimate ρoη
and σ2o by minimizing the sum square difference between the cross-sectional variance
in Eq(20) and the empirical variance.24 Table 7 reports our estimates by education
and sector and Figure 5 compares the estimated variances to the empirical data.
We discretize the estimated AR(1) process into a 3-state Markov process using the
Rouwenhort method.
σ2
Less than high school
0.039
High school in informal sector 0.044
High school in formal sector
0.043
College in informal sector
0.116
College in formal sector
0.102

ρ
0.5119
0.5965
0.7088
0.7111
0.6401

Table 7: Estimated AR(1) process of hourly wage shock ηj

(a) Primary group

(b) High school group

(c) College group

Figure 5: Comparison between empirical and model variance by education and sector
23

The LFS only contain wages of informal private employees but not the self-empoyed. So, we use
the estimated wage shock of informal private employees for all informal workers.
24 2
σo and ρo are identified by the intercept and the concavity of the cross-sectional variance profile,
respectively.
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Since the LFS is cross-sectional, we cannot estimate the hourly shock process of
formal workers who exit to the informal sector (oj = 1, oj 0 = 0). We assume that
its discrete Markov process has the same transitional probabilities as workers who
consecutively work in the informal sector. In Appendix C we report the transition
matrix and the grid values of our hourly wage shock process.

4.2

Second step calibration

The parameters calibrated in the second step are (i) leisure weight νe and (ii) discount
factor βe . These parameters are simultaneously calibrated by matching the targeted
moments between the model and the data.
We use leisure weight to match average working hours of informal workers by
education in the LFS.25 Discount factors are calibrated to match actual net worth of
people aged 25-54 by education in the SES data. Table 8 reports the estimated νe
and βe by education. As shown in the second column, people from a lower education
group put less weight on their leisure (lower νe ). This is driven by the fact that
people with low education on average have a lower wage but works longer hours than
their high educated counterparts. The third column shows that comparing to the
primary and high school groups, the college educated are more patient (higher βe )
and, consequently, have noticeably more accumulated net worth.

Less than high school
High school
College

leisure weight (νe ) Discount factors (βe )
0.608
0.936
0.608
0.941
0.8
1.028

Table 8: Leisure weight and discount factor by education

Table 9 compares statistics from our model and the data. The shaded cells are
our targeted moments. The average weekly hours worked by education in the model
and the data are well matched where the primary group work longer hours than the
high school and college graduates.26 For high school and college groups, our weekly
working hours averaged over formal and informal sectors are slight lower than the
average hours worked in the LFS because in our model all formal workers always
work for a fixed number of hours per week. Net worth matches data for working age
25

Each individual has 5,840 available hours per year (16 hours per day, 365 days per year). In
addition, we assume that all formal workers only work full time.
26
It may look surprising at the first glance since labor supply increases with education in developed
countries. However, recall that in our model, the primary group always work in the informal sector,
while the high school and college groups can be in either sectors. The informal jobs include security,
maids, sales, street vendors and taxi drivers which usually require long work hours.
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group and is reasonably close for the transition group. College and high school groups
about double their average savings from working to transitional age, during when their
savings are five times and twice as high as that of primay group respectively.
To externally validate our calibrated model, we also report several non-targeted
statistics between the model and the data in the non-shaded cells of Table 9. Overall,
our model can reasonably replicate the variation in average labor income, consumption, and net worth across education and age groups.
25-54 years old
Monthly
Monthly
Weekly hours
Net worth
labor income consumption

55-69 years old
Monthly
Net worth
consumption

Data
All
Primary
High school
College
Data source

45

7,793

5,487

320,734

5,898

873,507

48
46
46
LFS

5,021
7,167
14,139
LFS

3,724
5,385
8,819
SES

172,462
283,554
668,457
SES

3,574
5,954
9,818
SES

372,920
798,699
1,926,420
SES

46
48
45
43

8,208
5,036
7,709
14,958

6,081
4,046
5,910
10,055

321,283
173,704
284,633
667,637

4,704
2,919
4,333
8,717

637,544
342,782
544,793
1,376,316

Model
All
Primary
High school
College

Table 9: Working hours, consumption, and net worth in the benchmark year. All nominal values are
in 2000 Baht. The shaded cells are the targeted moment and the non-shaded cells are non-targeted
moments. The consumption and net worth in the SES are converted into the individual-level using
the OECD adult-equivalence scale.
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Table 10 summarizes the values of the parameters used in the model. Explanations
regarding calibration and values of some parameters are explained in the above sections
as referred to in the table.
Parameters
Demographics
Survival probabilities
The growth rates of new entrants
Retirement age
SS eligible age
Maximum age
Aggregate productivity growth
Preferences
Discount factor
Taste parameter of consumption
Intertemporal elasticity of substitution
Deterministic age earning profile
Age earning profile
Wage shock process
Wage rate per efficiency unit
Government
Progressive income tax
Old-age allowance (baht per month)
Government spending (% GDP)
Consumption tax rate (VAT)
Government contribution to SSF
Other sources of revenue
Social security
Transition probabilities (exit formal)
Social security benefit
Price variables
Return on savings
Return on SS fund
Return on government debt
Total contribution rate
Contribution rate of two-benefit type
maximum taxable earnings
Production (implicit)
Output elasticitiy of capital
TFP
Poverty line

Values
ξ
f
JR
JSS
J
µw
βe
νe
γ
λj (o, e)
e
θ

See 5.1
See 5.1
See 4
See 4
99
3.16 % p.a.
See 4.2
See 4.2
0.5
see 4.2
See 4.1.3 − 4.2
See 4.2
1

λ1 , λ2
OAA
G
τc
τg
REVt

−17.3, 2.1
See Table 5
15.90%
7%
2.75%(1)
9% of GDP

F
πq,j
pen(.)

See 4.1.2
See 3.1.3

r
rSSF
rB
τSS
τp
ỹ
α
Ω

4%
2.24%
0.9%
5%
3%
15,000
0.3
1.6
1627 THB

Sources/comments
United Nations
United Nations

Growth rate of real GDP per capita (2010-2019)
Target average net worth age 25-54
Target average working hours
Literature
Labor Force Survey (LFS)
Labor Force Survey (LFS)
Normalized
Revenue department
Actual rate
Balance the government budget in 2000
Actual rate
Actual rate
Average value during 2000-2020
SSO
Actual SSO formula

Average real returns on SSF investment(2)
Average real 10-year government bond yield(3)
Actual rate
Actual rate
Actual rate
Ahuja et al. (2004)
NESDC value of 2000-2004

(1) of SS taxable earnings
(2) The real return on SSF is the average historical return between 2016-2020 which equals 3.61% per year, subtracted
by the 10-year average rate of inflation 1.36%
(3) Average real 10-year government bond yield 2015-2020 is 2.26%

Table 10: Parameters summary
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Results: the long-run baseline scenario

Now we introduce the aging population, the OAA and the SS programs into our
calibrated model. All of these changes are unexpected to the households living in the
base year, but are expected for the new entering cohorts. Section 5.1 first explains the
changing population structure during the transition periods. Section 5.2 then discusses
our assumptions regarding the OAA and SS programs and their sustainability in the
long-run. Section 5.3 compares households’ behaviors and economic outcomes of the
long-run baseline scenario with those in the initial equilibrium.

5.1

Introduction of aging population (2005-2200)

The change in population structure in our model follows the UN’s projection.27 Population aging is driven by two factors : younger cohorts are living longer and fertility
rates are declining over time. Regarding the former, the survival probabilities are
assumed to be cohort specific, following the UN’s projected life table.28 Since the
UN’s projection is only available till year 2100, we linearly extrapolate the increasing
survival rates until 2150 and assume no further change after that period. Figure 6
presents the survival probabilities of newly entering cohorts in base year (2000) and
during transition years (2050, 2100 and 2150 onward).

Figure 6: Survival probabilities of new born cohort%
The declining birth rates are reflected by the decreasing shares of the entering
cohorts (aged 25 years) over time. The projected shares of population aged 25-29
27

We use the median version of survival rates from UN PPP2019 Output AbridgedLifeTable BothSexes
and the rate of new entrants from WPP2019 pop F07 1 population by age both sexes. The change
in our population excludes migrant workers older than 25 years old since only few foreign workers
take up the SS and OAA benefits.
28
Note that when calibrating our model in the base year (2000) we assume that the survival
probabilities do not depend on birth cohorts. Thus, the increase in survival probabilities among the
existing cohorts is equivalent to an unexpected survival shock. This assumption is innocuous to our
long-run results.
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years between 2005 and 2100 are based on the UN population projection. The growth
rates of new entrant post-2100 are linearly extrapolated from the UN projection,
specifically decelerating from -2.6% per year in 2100 to 0% in 2125.
Figure 7a presents the changing population structure from the base year (2000)
to the new steady state (2200). Overtime, the dependency ratio, which is defined as
the ratio of population aged older than 65 over population aged 25-65 years, increases
from 14% in the base year (2000) to 74% in 2100 before converging to 69% in 2200
(see Figure 7b).

a. Population structure

b. Dependency ratio

Figure 7: Population structure and dependency ratio during the transition periods

Figure 8: Working age composition during the transition
Figure 8 shows the change in education and sector composition of working age
people during the transition (working ages defined in Table 4). The shares of primary,
high school, and college educated workers converge to 23%, 53% and 24% around year
2070, respectively. The long-run education shares of our model are roughly in line
with the shares in developed economies. As education improves, shares of the young
formal workers increase. But at the aggregate level (the green and orange lines), the
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change is small because the increase is offset by the rising share of older workers who
tend to exit to the informal sector.

5.2

The long-run baseline scenario

Before analyzing the impacts of policy reforms, we need to make some assumptions on
the long-run baseline scenario. If we were to assume no adjustments to the OAA and
SS schemes over the next 100 years, the role of these two schemes would be negligible
for two reasons. First, the lack of indexation implies that if Thailand’s economy
continued to grow (as our model assumes), these schemes’ benefits would have lost
their real value over time. Second, the SS scheme itself is unsustainable, expected to
be depleted in 2045 under the current scheme design. We therefore assume that OAA
and SSO variables are indexed to the average per capita income growth so that the
purchasing power of the OAA and SS benefits are the same for all generations. Below
we discuss further assumptions we need to impose for each scheme in turn.
5.2.1

Assumptions on the Old-Age Allowance scheme in the long-run

Our model assumes that the government balances its budget, and the OAA scheme
is a tax-financed scheme. Therefore, we need to discuss how the government would
finance the OAA expenditures. Both population aging and benefit indexation imply
a higher cost to the government. Figure 9 shows that OAA spending as a fraction
of GDP is projected to increase from the current 0.8% in 2015 to 2% in 2200.29 The
debt to GDP ratio is projected to exceed the 60% threshold around 2035.30

(a) Projected OAA spending to GDP

(b) Projected the debt to GDP

Figure 9: Fiscal unsustainability with no policy changes
29

The model slightly overestimates the share of OAA in the GDP as it assumes that all elderly
over the age of 60 except retired civil servants receive OAA. In reality, some eligible elderly did not
register for the OAA benefits.
30
The debt projection does not take into account the impacts from COVID-19, assuming that the
government would be able to repay the debt borrowing during this period. Although the debt ceiling
was increased to 70% in 2021, the 60% ceiling seems reasonable given that the model starts in 2000
and assuming that COVID-19 impacts on debt is temporary.
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We assume that the government maintains the debt to GDP at 60% and VAT is
the only financing source, keeping the same progressive income tax function as in the
benchmark year and the other revenue as 9% of GDP. Although we mainly intend
to use VAT to quantify the cost, financing via VAT is also a more plausible venue
based on discussion with Thai fiscal policy experts. Unlike developed countries where
the government has various means of raising other taxes such as personal income tax,
capital income tax or wealth tax, the personal income tax base is rather small in
developing countries with a large informal sector. In Thailand, raising income tax is
often viewed as discouraging formality. In addition, wealth and capital gain are not
fully reported, making it difficult to tax such income. Financing social pension via
VAT is also considered in some early work (e.g., Palacios and Robalino (2020)). Under
these assumptions, the model suggests that VAT will increase from 7% to 8.4% in the
long run, with a jump when the debt hits the ceiling around 2035 (Figure 10).

Figure 10: VAT required to balance the debt to GDP at 60%

5.2.2

Assumptions on the SS old-age pension scheme in the long-run

As discussed in Section 3.1.3 and 3.2.1, the SS fund’s revenue and expenditure depend
on its beneficiaries’ demographic structure, their earnings, return to investment, and
the SS rules on contribution rates and benefit payout. The changes in demographic
structure follow what explain in Section 5.1. We assume no change to pensionable age
and the rate of return on SSF remains the same as average historical data. The model
parameters (contribution cap, past earnings, pension benefits), however, are assumed
to be indexed to the average income growth.
Table 11) shows the value of SS fund balance converted to nominal term in comparison the the SS actual historical data. Note that The model assumes SS fund starts
in 2005 with zero initial balance. If we were to assume actual 2005 balance of 273,730
million THB, the model’s SS fund balance in 2015 would be 1.18 trillion THB, com29

pared to actual data of 1.28 trillion THB. Under the assumptions above, the model
projects that SS fund would be depleted in 2045 (Figure 11a).

Year
2000
2005
2010
2015

SSF balance (THB million (nominal term))
Actual
Model
57,530
na
273,730
0
653,139
483,744
1,280,147
904,811

Table 11: SS fund balance (actual vs model)
Similar to defined benefit schemes in other countries, the SS fund is in surplus
during its initial phase because most members were young and only a few reached
pensionable age (Figure 11b). Note that since the eligibility for annuity requires the
contribution years to meet the threshold, the number of annuity pensioners will exeed
the lump sum pensioners as the scheme matures. In addition, the SS benefits increase
with contribution years, the benefit payouts are also larger for the later generations.

(a) SSF balance

(b) Shares of contributors and pensioners

Figure 11: Projected SS fund balance and beneficiaries
This study assumes that once SS fund is depleted, the SS administration will
consider two (somewhat extreme) alternatives : lowering benefits or increasing the
contribution rate.31 In reality, the reform is likely to be a combination of several
changes, including gradually increasing contribution rates and extending pensionable
age. Our simplified assumptions are meant to illustrate the mechanism of these two
alternatives.
Regarding the first option, to keep the contribution rate constant, the SS scheme
needs to scale down the pension benefits to approximately 30% of the originally
31

According to the law, the government needs to step in when the SS cannot meet its obligations.
Therefore, if the SSF does run out and the scheme makes no adjustment, it is likely that the government either needs to borrow more, resulting in an increase in the debt to GDP ratio and/or raise
more revenue. However, such scenario will not be considered here.
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promised amount in the long run. However, lowering benefits implies that those
who used to work in the formal sector will heavily rely on their own savings when
they retire, undermining the SS scheme’s role in providing old-age income support.
In our rational expectation model, those in the formal sector who foresee the benefit
cut will accumulate more savings and reduce their consumption during the working
years. In reality, some households may not expect the cut in benefits and end up with
inadequate retirement savings. Note that since we do not model sectoral choices, both
reform options primarily affect the behaviors of the formal workers. Also, our formal
workers can only choose to work full-time, if they could choose hours worked more
flexibly, benefit cuts could lead to longer hours worked.
Alternatively, if the SS scheme were to keep the benefit amount as promised, the
contribution rates would need to be sharply increased from 3% to more than 20%
from both employers and employees. While such an increase seems to be drastic, the
estimates are not too far from ILO (2016)’s projection taking differences in assumptions into account. ILO study projects that the total contribution rate required to
pay for all expenses of the schemes would need to be increased from 16.8% in 2054
to 32% in 2113. Note that ILO assumes that wage grows faster than the inflation
rate to which pensions are indexed, requiring less contribution rate increase in the
future compared to our model where pension variables are indexed to the growth of
GDP per capita. In the following analysis, we assume that the SS scheme takes this
contribution increase option to preserve the role of the SS scheme in the long run.
Since such a drastic increase is not viable for the scheme in reality, our exercise should
be interpreted as illustrating the cost of delaying the scheme’s reform. ILO also finds
that with combinations of other adjustments, extending retirement age from 55 to 65,
increasing contribution rates 2% every five years, together with 1% higher return on
investment, the contribution rate can be reduced to 18.4% in 2113. Considering an
exhaustive list of all possible combinations of the SS scheme reform options is beyond
the scope of this paper.

5.3

Comparing households’ life-cycle profiles in the long-run
baseline scenario with the benchmark year

Table 12 compares life-cycle profiles of the benchmark initial equilibrium (2000) with
those of the long run baseline (2200). Note that there are three key differences between
the two steady states: (i) the new equilibrium consists of younger cohorts who expect
longer life expectancy; (ii) the younger cohorts are more educated and hence more
likely to work in the formal sector; and (iii) the benchmark period has no public
pension scheme. Both OAA and SS are assumed to start in 2005 and became mature
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in the new steady state.32
The differences in labor supply, earnings, consumption, and savings (net worth)
observed in Table 12 are driven by several mechanisms, some of which work in the
opposite directions. First, if the increase in life expectancy were the only change,
the individuals would have worked and saved more to make sure they have adequate
resources to smooth their consumption until the end of their lives. This mechanism
somewhat explains the changes in behaviors of the primary group though it is not
the case for the highly educated group whose behaviors are heavily influenced by
the second mechanism: the introduction of the contributory (SS) scheme during the
transition periods. On the one hand, the lower net wage after SS payroll tax makes
the price of leisure relatively cheaper, creating a disincentive to work. Although the
pension benefit is a function of earnings, such incentive could be discounted away for
the young cohort. On the other hand, SS scheme provides a guaranteed income after
retirement, meaning that once the formal workers contributed to the SS scheme, they
do not need to save as much for themselves as they did in the initial equilibrium. In
our model, we do not see much of the response on labor supply for the formal workers
becuse their hours are restricted to either full-time or not work.
Third, regarding the non-contributory pension (OAA), although the OAA provides
a guaranteed old-age income, the benefits are relatively small and would not offset the
positive impacts on labor supply and savings from the longer life expectancy, especially
for the informal workers. The change in average hours observed in Table 12 is mainly
driven by the informal workers who could flexibly adjust their hours, but is also offset
by the change in the composition of the formal-informal workers in the long-run.
Finally, financing OAA via a VAT increase, however, can create both substitution
and income effects which lead to lower consumption. In the long-run baseline scenario, indexing OAA and aging population led the OAA spending to increase from
0.8% in 2015 to 2.0% and this requires VAT to increase from 7% to 8.4%. A VAT
increase means the price of consumption relative to leisure rises, leading individuals
to substitute their leisure for consumption. The rise in the total consumption price
also has a negative income effect, which means that individuals can consume less even
if the substitution effect is small.
32

In our partial equilibrium setup, there is no change in wage and interest rate.
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25-54 years old
Pre-tax
Monthly
Weekly hours
Net worth
earnings consumption

55-69 years old
Monthly
Net worth
consumption

Benchmark
All

46

8,208

6,081

321,283

4,704

637,544

Primary
High school
College

48
45
43

5,036
7,709
14,958

4,046
5,910
10,055

173,704
284,633
667,637

2,919
4,333
8,717

342,782
544,793
1,376,316

All

47

9,325

6,141

384,201

5,277

913,254

Primary
High school
College

50
47
44

5,143
7,960
15,540

3,701
5,649
9,052

248,790
258,711
776,626

2,937
4,511
8,760

504,714
659,249
1,804,145

Long run

Table 12: Baseline household behaviors in 2200 compared to the benchmark
One key feature of our model is the connection between the formal and informal
sectors. Accounting for formal-informal transition of high school and college graduates
allows the model to generate heterogeneous work histories, on which pension benefits
are determined.
Table 13 presents the distributions of contribution years and SS pension benefits
for these two higher educated groups. The primary group is always in the formal
sector and hence neither contribute nor receive any form of benefits from the SS
scheme. Columns [2] and [4] are the shares within each education group, and columns
[3] and [5] are the shares of the total population. The top part of the table shows
that a significant fraction of both high school graduates (66%) and college graduates
(44%) contributed less than 15 years though most of them started as the formal
workers, implying that they are only eligible for the lump sum benefit. The spike
of contribution years at 30 (35) for the high school (college) group is somewhat by
construction because the model assumes that they enter the economy at the age of 25
and retire at age 55 (60) years old.
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Share of contribution years and SS benefits age >60
High school
College
% of high school % of total % of college % of total
Contribution years (nss )
nss = 0
0 < nss < 15
15 ≤ nss < 25
25 ≤ nss < 35
nss = 35

17%
49%
11%
23%
0%

10%
28%
6%
14%
0%

0%
44%
16%
7%
33%

0%
11%
4%
2%
8%

28%
17%
4%
0%

16%
10%
2%
0%

23%
17%
4%
0%

6%
4%
1%
0%

0%
7%
4%
23%
0%

0%
4%
2%
13%
0%

0%
10%
6%
7%
33%

0%
2%
1%
2%
8%

Lump-sum pension (THB)
<50,000
50,000-100,000
100,000-150,000
150,000-200,000
Annuities (THB/month)
<2000
2001-3500
3501-5000
5000-6500
>6500

Table 13: Number of people age over 60 by contribution years, lump sum pension and
annuity pension amounts in 2200
The bottom part of Table 13 shows the distribution of pension benefits in the
form of lump sum and annuity by education group. With a high exit rate to the
informal sector, the majority of high school group receives lump sum benefits, valued
approximately 50,000-200,000 in 2020’s THB (equivalent to annuity of 250-1000 THB
per month33 ). This is much lower than those eligible for an annuity, where their
monthly benefits are approximately 1,000-7,000 THB per month (in 2020 value).

6

Reform scenarios

This section considers two types of reforms: (i) increasing OAA to 3,000 THB per
month for every person aged 60 and above and (ii) harmonizing OAA and SS schemes
and using a taper system (SS pensions-tested). The OAA amounts under both reform
scenarios are assumed to be indexed to the average per capita income growth. Under
the second reform, for every three THB of SS annuity pension, the OAA benefit will be
one THB less. For example, those who receive 3,000 THB from SS will only receive an
33

Assuming that the life expectancy is 80 years and interest rate is 2% per year.
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OAA benefit of 2,000 THB per month. The informal workers who are not entitled to
SS benefits get 3,000 THB in both cases. We do consider these two scenarios because
they have been in the debates, but we did not expect neither to be optimal. The
first scenario has been proposed by some Thai parliament members and received some
public supports. The second scenario is adapted from the ILO’s recommendation.
Figure 12 illustrates the relationship between the benefits and earnings of the baseline
and two reform scenarios.

Figure 12: Pension benefits and earnings in the baseline and reform scenarios

6.1

Impacts on fiscal and households’ life-cycle variables

Recall that we discuss three mechanisms in the last section when comparing the new
steady state (2200) with the benchmark period (2000): the impact from the longevity
increase, the launch of the SS scheme, and the introduction of the OAA scheme which
is financed via VAT. For the two reforms considered here, the differences in their
impacts come through the changes in magnitude of the last mechanism (OAA policies
and VAT).
While the OAA expenditure on the informal workers are the same under the two
reform scenarios, the OAA spending on SS pensioners is lower under the pensionstested reform. Consequently, the OAA spending rises to 8.3% and 6.5% of GDP
for the uniform increase and pensions-tested reforms, respectively. Such increases
in expenditure require VAT to increase to 15.9% and 13.6%, which is quite drastic
compared to the long-run baseline scenario where VAT has increased from 7% in the
initial equilibrium to 8.4% (Figure 13b).
While the larger OAA benefits allow elderly to consume more, the consumption of
working individuals is somewhat offset by the VAT increase. As discussed earlier, a
VAT increase can lower consumption through both substitution and income effects for
35

(a) Total OAA spending as % of GDP

(b) VAT with and without reforms

Figure 13: Changes in government’s policy variables under reform scenarios.
the working individuals. Table 14 shows that consumption for the working primary
group is lower under the first reform scenario, compared to the second scenario, even
though their earnings and savings are the same, reflecting its higher VAT.
While impacts on work and savings in the baseline scenario are dominated by an
increase in longevity rather than from OAA, the situation is opposite with the OAA
increase. Here the primary and high school groups lower their hours worked and
savings (see Table 14). The college graduates do not respond as strongly as those
attaining lower education level because their net worth is much higher and many of
them also receive SS pension. Therefore, the OAA increase only changes their wealth
marginally. While on average the primary group lowers their savings by almost onethird, the changes in savings for college is not much (net worth of the aged 25-54 years
group reduced by 8% and 4% under the first and second reforms, respectively) .
The differences in consumption and savings decision are also driven by the discount
rates, βe . With our calibration, the higher educated individuals have higher βe , hence
they are more patient and more willing to trade today’s with tomorrow’s utility.
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25-54 years old
Monthly
Monthly
Weekly hours
Net worth
labor income consumption

55-69 years old
Monthly
Net worth
consumption

Baseline long run
All

47

9,325

6,141

384,201

5,277

913,254

Primary
High school
College

50
47
44

5,143
7,960
15,540

3,701
5,649
9,052

248,790
258,711
776,626

2,937
4,511
8,760

504,714
659,249
1,804,145

All

46

9,166

6,011

314,973

5,215

730,143

Primary
High school
College

48
46
44

4,923
7,815
15,389

3,703
5,551
8,749

169,724
189,621
714,141

2,950
4,497
8,532

298,108
476,429
1,637,226

All

46

9,180

6,034

330,493

5,198

770,846

Primary
High school
College

48
46
44

4,923
7,834
15,405

3,776
5,576
8,731

169,724
204,625
742,021

3,008
4,478
8,462

298,108
515,894
1,710,077

OAA

OAA pensions-tested

Table 14: Households’ life cycle behaviors in 2200 under reform scenarios compared
to the baseline
It is important to note that although Table 14 suggests that individuals on average
work less, earn less, and save less, this does not mean that they are worse off compared
to the baseline scenario. Recall that individuals derive utility from both consumption
and leisure. By working less but consuming at a similar level, they could be better
off. We will discuss these issues in the next section.

6.2

Evaluation of the two reforms

We report two measures of the reform outcomes: poverty rate among the elderly and
welfare gains/losses across different groups. Since the OAA reform directly targets at
the elderly, the former is a measurable statistics of interest for policy makers. However,
the latter is a more comprehensive measure of the reform outcomes since it takes into
account both changes in consumption and leisure of everyone in the economy.
6.2.1

Poverty rate reduction

In this section, we compare the poverty rate among individuals older than 70 years
old in the long run. We define an elderly living under poverty if her consumption is
below the poverty line which is indexed to the real GDP per capita. For example, the
poverty line in year 2020-2024 is 3,300 THB per month, which is equivalent to inflate
the poverty line in base year 2000 (1,627 THB per month) by the growth rate of GDP
per capita.
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The second column in Table 15 shows the poverty rate among the elderly in year
2200 under the baseline case and the following two columns report the poverty rate
under the two reform cases. On average, the model predicts that increasing OAA
reduces the old-age poverty from 4.8% in the baseline to 4.2% and 3.9% under uniform
and pension-tested OAA increase respectively. The poverty rate among the primaryeducated group drops most, from 16.7% to 14.7% and 12.9% respectively. For the high
school group, the poverty rate is reduced only by 0.3-0.4 percentage points. Overall,
the pensions-tested reform yields a slightly better outcome in terms of a poverty
reduction among the elderly.

Average
Primary
High school
College

Baseline
4.8%
16.7%
3.2%
0.0%

Uniform OAA
4.2%
14.7%
2.9%
0.0%

Pensions-tested OAA
3.9%
12.9%
2.8%
0.0%

Table 15: Poverty rate among the elderly (older than 70) in year 2200
6.2.2

Welfare evaluation

We use consumption equivalence to measure the welfare gains/losses from the reforms.
Specifically, we ask what is the percentage of consumption (∆) a new entrant in the
baseline economy is willing to give up in order to be as well off as if she enters into a
reformed economy, and define it as the following:34


∆=

VRS (e)
VBS (e)



1
1)
νe ·(1− γ

−1

(22)

VBS (e) and VRS (e) are the value function of a new entrant with an education e in the
baseline and a reform economy, respectively.
Table 16 presents the long-run welfare gains/losses from the two reforms among
people entering the economy after year 2200. Our welfare measure captures the key
trade-off of the reforms. On the one hand, the increase in VAT lowers the welfare by
34

Specifically, we derive the consumption equivalence ∆ from:


 1− γ1 
νe 1−νe
j
J
((1
+
∆)
c
)
l
X
Y
j
j


VRS (e) = E 
βej−1
ξk

1
1− γ
j=1
k=1
1

= (1 + ∆)νe ·(1− γ ) · VBS (e)
where cj , lj are optimal consumption and leisure in the baseline economy.
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(21)

distorting individuals’ consumption and labor supply decisions.35 On the other hand,
since the rich consumes more, the increased VAT implicitly redistributes resources
from the rich to the poor. This implicit redistribution increases the welfare. The
first row of Table 16 shows that the latter effect is larger. The uniform OAA reform
generates a large welfare gain of 1.57% in terms of consumption equivalence. In
addition, because of the progressive benefit schedule and the lower VAT increase, the
pension-tested OAA increases the welfare gain to 1.63% .
The third to fifth rows of Table 16 reports the welfare gains/losses of new entrants
with different education. Under the uniform OAA reform, the primary-educated group
benefits most from the implicit redistribution while there is a welfare loss among
the college-educated group: 5.5% and -1.2% in terms of consumption equivalence,
respectively. When introducing the pension-tested OAA reform, the primary educated
group enjoys a higher welfare gain (7.5%) from the lower VAT increase while the
college-educated counterpart incurs a higher welfare loss (-2.1%) since they now less
likely receive OAA benefits.
Figure 14 shows the ex-ante welfare gains/losses for each entering cohort during
the transition periods. For all education groups, the welfare gains (losses) among the
latter cohorts are higher (lower) than the earlier cohorts. Note that the OAA benefit
is paid out as long as an individual is alive, thus serving as an annuity income. Since
the latter cohorts tend to live longer and expose more to the longevity risk, they value
the raised OAA amount more than the earlier cohorts.
Average
Primary
High school
College

Uniform OAA increase
1.57 %
5.5 %
1.5 %
-1.2 %

Pensions-tested OAA
1.63 %
7.5 %
1.4 %
-2.1 %

Table 16: Long-run welfare gains/losses from the two reforms
35

The consumption tax increases the price of consumption relative to the price of leisure, which
is equal to wage. Thus, individual will consume less and take more leisure. However, an increase in
consumption tax does not change the relative price of consumption goods between periods. So, the
intertemporal decision (consumption and saving) is not distorted.
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Figure 14: Welfare gains/losses during the transition.

7

Conclusion and Discussion

Over the coming decades, many developing countries are set to confront several challenges. The old-age poverty is foreseeable with the population aging extremely fast
and existing pension provisions are inadequate, especially for the majority of the population who are informal workers. For Thailand, if no action is taken, the inadequacy
and unsustainability of existing pension schemes seem unavoidable. The country’s
universal basic pension scheme (OAA) is currently much lower than the poverty line.
The mandatory SS scheme covering the formal workers, though more generous, is projected to be unsustainable with its fund to be depleted around 2045. Furthermore,
the lack of indexation of both schemes has led their pension benefits to lose their real
value over time.
In this article, we develop an OLG model with realistic specifications of the Thai
labor market and old-age income support schemes. The model is used to quantify the
costs of three long-run scenarios via a VAT increase. First, if the OAA benefit and
SS parameters (ceiling, past earnings, and benefits) are indexed to income growth.
VAT needs to be increased from the current level of 7% to 8.4%. Regarding the SS
scheme, without cutting the benefits, the contribution rate required to balance the
fund’s revenue and expense must drastically rise in 2045. While such sudden changes
are unlikely viable in reality and a combination of other gradual reform options could
be considered (see Wasi et al. (2021); ILO (2016)), our exercise can be interpreted as
the worst scenario.
Two pension reform scenarios are then evaluated. First, uniformly lifting the basic
pension floor by three times requires VAT to significantly increase to 16%. Second,
if OAA and the Social Security can be harmonized and the OAA benefit decreases
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proportionally with the received SS benefits, the required VAT increase can be lower at
14%. The changes in the level of OAA and VAT also affect household behaviors. While
longer life expectancy creates an incentive to save, it is offset by a much higher level
of guaranteed old-age income. A VAT increase, implying higher price of consumption
relative to leisure, further encourages households to substitute leisure for consumption.
Both reforms are shown to be welfare improving on average but the gains are uneven.
The primary and high school groups, the majority of the population, gain from the
reform as they are still net receivers of the redistributed resources even though they
have to pay higher consumption taxes. In contrast, the college group is worse off since
they pay more tax proportionate to their higher consumption for either equal or lower
OAA benefits. Welfare gains and losses are also different across cohorts. Under these
two reform examples, future generation will bear higher burden compared to current
elderly.
In the big picture, reforming Thailand’s old-age support schemes is a complicated
task. Thailand’s public old-age income support schemes are currently fragmented and
managed by different governmental authorities with a lack of national strategies. As
a result, the responsible agencies often consider reforming their own scheme without
a clear vision of how their adjustments will affect the fiscal space of other schemes.
Our model is one of the first attempts to provide building blocks for using an OLG
model to assess long-run costs of pension schemes in developing countries. Future
research may extend this basic model in several directions. First, one may allow
workers to make a sectoral decision, in which case higher payroll tax can discourage
formality. Second, economic growth can be endogeneous. Changes in labor supply
and capital accumulation can affect output growth and therefore create a feedback
loop through prices and government policies. Results, however, can be sensitive to
the assumption on the production function. Third, other reform options for Thailand
could be incorporated – for example, removing the norm of retiring at 55 or 60 years
old and making retirement a choice, introducing a strong incentive voluntary savings
scheme, modeling decision of the civil servants group whose pension scheme is more
generous. Lastly, the issue of equity across intergenerations could be further analyzed.
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A

Estimation of progressive income tax

The progressive income tax is estimated using 2015–2017 data from the revenue department. The data is divided into 14 income brackets as in Table 17 where tax rates
are tax divided by taxable income, i.e., income adjusted for expenses and deductions.
The progressive income tax is estimated by regressing ln(tax) on ln(taxable income)
weighted by shares in each income bracket, which yields β1 = 2.1 and β2 = −17.3.

Income brackets (baht)
0-100,000
100,000 - 150,000
150,000 - 200,000
200,000 - 300,000
300,000 - 500,000
500,000 - 750,000
750,000 - 1,000,000
1,000,000 - 2,000,000
2,000,000 - 4,000,000
4,000,000 - 6,000,000
6,000,000 - 8,000,000
8,000,000 - 10,000,000
10,000,000 - 20,000,000
above 20,000,000

2015
share tax rates

2016
share tax rates

2017
share tax rates

0.11
0.39
0.23
0.1
0.13
0.03
0.01
0
0
0
0

0.11
0.39
0.23
0.1
0.13
0.03
0.01
0
0
0
0

0.01
0.29
0.33
0.15
0.16
0.04
0.01
0
0
0
0

0.78%
2.25%
5.03%
7.43%
10.71%
17.60%
23.21%
26.53%
28.11%
29.68%
32.47%

0.77%
2.25%
4.99%
7.41%
10.71%
17.56%
23.17%
26.55%
28.26%
29.73%
32.48%

1.12%
1.88%
3.59%
5.98%
10.15%
17.46%
22.86%
25.79%
27.53%
29.34%
32.13%

Table 17: Income tax by annual income brackets

B

Computation method

The computation of stationary states and transition dynamics of the discrete-time
OLG model is done in Gfortran. We explicitly model two sectors: households and the
government, including the general government and the social security system. The
code uses the Gauss-Seidel method to update policy variables while implementing
numerical methods to solve for households decisions and states distributions. All
model features in Section 3 and 4 are incorporated. The computation process can be
briefly explained as follows. To calculate initial equilibrium, the code first discretizes
all state variables and initializes, for instance, the demographic structure, the wage
shock process, formal-to-informal exit probabilities, and tax and transfer variables as
summarized in Table 10. The Golden-Section Search (GSS) method is used to solve
individuals’ optimal decisions from the oldest age of 95-99 backward to the age of
25-29 for every state combination. States distributions in the model economy are then
updated using the optimal households decisions, exogenous exit probabilities from
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the formal sector to the informal sector, stochastic shock process, and processes of
SS variables including contribution years, earning points, and last 5-year income as
specified in Eq 5, 6, 7. States distributions together with optimal decisions constitute
aggregate economic variables. Government’s and SS adjust their policy variables given
individuals’ decisions and states distributions to balance their budgets (Eq 17 and 11).
Unintentional bequests are then calculated. The program reiterates the above process
until there is no change in policy variables and households’ decisions.
During the transition, the above process is repeated for every time period taken into
account changes in demographics structure arising from the development in survival
probabilities and rates of new entrants (see Section 5.1). Each cohort is forward
looking and make decisions facing different sequences of policy variables that are
determined by the government and the SS scheme in each time period. The program
solve backward from the last period to the year 2005 and reiterate the whole process
until there is no change in policy variables and individual’s decisions.

C

Transition matrix of wage shock process

The Markov transition matrices of an age j individual, Πj = [πjη (ηj 0 |ηj , oj , oj 0 , e)] that
correspond to AR(1) processes given by ρ and σ2 (Table 7 ) are discretized into 3
states (good, normal, and bad shocks) using the Rouwenhorst method. We assume
that individuals face the stochastic wage process of the sector they are currently
in due to data limitation in calibrating the AR(1) process when migrating across
sectors. For instance, if people with a high school degree in the formal sector switch
to informal sector, they will face the new set of discretized nodes and persistent shocks
of the informal sector. The values of Markov matrices and nodes of persistent shocks
exp(η(e, o)) for j = 1, ..., JR for each group of workers are as follows.
Less than high school
exp(η) ∈ {0.721, 1.000, 1.386}


0.571 0.369 0.060


Πj = 0.184 0.631 0.184
0.060 0.369 0.571
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(23)

High school in the informal sector
exp(η) ∈ {0.690, 1.000, 1.448}


0.637 0.322 0.041


Πj = 0.161 0.678 0.161
0.041 0.322 0.637

(24)

High school in the formal sector
exp(η) ∈ {0.502, 1.000, 1.990}


0.732 0.247 0.021


Πj = 0.124 0.753 0.124
0.021 0.247 0.732

(25)

College in the informal sector
exp(η) ∈ {0.659, 1.000, 1.518}


0.730 0.249 0.021


Πj = 0.124 0.751 0.124
0.021 0.249 0.730

(26)

College in the formal sector
exp(η) ∈ {0.555, 1.000, 1.803}


0.672 0.295 0.032


Πj = 0.148 0.705 0.148
0.032 0.295 0.672
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(27)
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