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Abstract

Tax rebates are popular fiscal tools during economic downturns. This paper inves-
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1 Introduction

Given more frequent economic downturns due to disruptions from crises and natural

disasters in recent years, governments around the world have undertaken various forms

of fiscal measures such as cash or in-kind transfers, tax break, or tax rebate programs

to alleviate the effects of unexpected negative income shocks. At the aggregate level,

durable spending is often one of the first components to drop during downturns. At the

household level, most households experiencing lower income will likely curb spending on

luxury or durable goods. Therefore, stimulus packages as tax rebates on luxury or durable

goods may look like an obvious option. This paper will explore boosting efficiency, and

redistribution implications of various form of tax rebates with an emphasis on car tax

rebates by using the heterogeneous-agent life-cycle model framework.

In general, a fiscal stimulus has two key trade-offs. First, the trade-off between short

run boosting and long run consumption: the surge in purchases on one good could crowd

out saving and demand of other goods. For example, Thailand’s car tax rebate pro-

gram was shown to increase household debts and crowd out future consumption (Muthi-

tacharoen et al., 2019). Second, the trade-off between efficiency and equity. To maximize

the economic boost, a program would need to target those with the most propensity to

spend. However, those with the largest propensity to spend are not necessarily the need-

iest or getting the largest welfare gain. Therefore, policy makers would need to take into

consideration that boosting efficiency may come at a cost of either crowding out other

consumption and less redistribution to the more needy.

Early and well-known car tax rebate programs are such as “Cash for Clunkers” in the

US and “Balladurette and Juppette” program in France. In recent years, however, more

car subsidy programs were launched in developing economies where cars are considered

luxury goods. For instance, the First-Car Tax Rebate Program in Thailand in 2011 that

followed by over two hundred percent increases in car purchases; and subsidies for electric

cars in China since 2018 with over 1.1 million electric cars sold the first year the program

was launched. Quite in contrary to the consumption smoothing behavior as predicted by

off-the-shelves theory, consumption responses following those stimulus were large.

Despite their boosting efficiency, car tax rebate programs are quite controversial due
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to the abovementioned trade-offs. To maximize a chance of designing a program with

an intended outcome, a tool to quantify a program’s potential boosting and trade-offs

is necessary. As well known by the Lucas critique, counterfactual analysis produced

from reduce-formed methods is context-specific. Therefore, this paper takes a structural

approach and explores models under heterogeneous-agent stochastic dynamic framework.

In the model, durable goods have dual roles of long-lived consumable goods, and

illiquid assets that store wealth but depreciate over time. Households make consumption

decisions given that they have incomplete income insurance and credit constraints while

facing underpinning aggregate and idiosyncratic income uncertainty. In this dynamic set-

ting, temporary changes in car prices will enter household decisions via three channels:

namely the substitution effect, income effect, and wealth effect. The substitution effect

is when household demand shifts, both intratemporally and intertemporally, towards car

given lower relative prices. The second channel, the income effect is when household de-

mand weakly increases as real income rises. With the price drop, household’s purchasing

power or real income increases. Lastly, the wealth effect. Household demands over time

also depend on their accumulated wealth level, while changes in car prices are affecting

both household wealth and relative asset prices.

Using Thailand’s car tax rebates as a case study, two key policy outcomes drive the

model choices. First, there were large spending responses following the car tax rebate

policy in Thailand. Second, most households that owned and purchased cars during the

policy were high-income households. That is, the program’s tremendous boosting power

is twofold: first, the program subsidized large durable goods whose purchases are sizebale

in nature, and second, it implicitly targeted people with high propensity to spend.

The proposed model can replicate the large and heterogeneous consumption re-

sponses following the policy. The two main workhorses driving large and heterogeneous

responses in the model are 1) durable adjustment costs, and 2) non-homothetic prefer-

ence. First, the adjustment frictions contribute to car purchases that are infrequent and

lumpy (Lam, 1991; Eberly, 1994) and the aggregate that is procyclical. That is because

durable spending is among the first to be cut back when households experience negative

income shocks. On the other hand, large enough positive income shocks are needed to

overcome adjustment frictions. Because of this, growth of durable spending is often pro-

cyclical with higher volatility than overall household spending. The price shocks on cars
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induced by subsidies are equivalent to positive income shocks—creating relatively large

surge in demand for cars via the three channels discussed above.

Second, non-homothetic preference in durable goods, or non-linear Engel curve, is the

workhorse behind heterogeneity in elasticity of intertemporal substitution (EIS), hence

heterogeneous consumption responses. Given the non-homothetic preference, low income

(wealth) households do not own a car and would only become car owners when they reach

a sufficiently high level of income (wealth). For example, given unexpected windfalls,

households with low income may not change their demand for cars at all and continue

to not own a car. On the other hand, wealthier households may spend all the additional

income on new cars given the same amount of windfall. The demand characterized by

nonlinear Engel curve matches empirical observation that household demands for cars

increase non-linearly with income.

Another contribution this paper makes is to put extra emphasis on pinning down

parameters governing EIS to quantify and predict intertemporal consumption decision.

EIS is the key parameter that quantifies the size of household responses to price shocks.

Therefore, it is quantitatively important to prediction of boosting efficiency. The prefer-

ence for consumption smoothing will dictate how much households are willing to forego

future consumption for a higher boost of current consumption given transitory income

shocks (such as a temporary drop in prices). However, recent studies with similar models

often assumed common values for the EIS parameters (Berger et al., 2018; Fernandez-

Villaverde and Krueger, 2011).

The key parameters governing EIS in the model are 1) the curvature parameter of the

utility function and 2) the non-homothetic parameter. These parameters are estimated

using the Generalized Method of Moments (GMM) to match model moments to data

moments from Townsend’s Thai Data, a household-level panel that comprises of complete

household consumption and asset profiles. Moments that are matched include levels

of assets, consumption, car ownership rates, and the probability of durable adjustment

stratified by household age and income. Given the estimated parameters, model solutions

match consumption and saving levels well over the life-cycle well, and show high car

ownership rates among the high-income and older households as observed.

Given nonlinearity of the model, EIS cannot be directly converted from model pa-
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rameters, but are calculated numerically from simulated optimal consumption paths for a

given set of estimated parameters. With adjustment frictions and nonhomothetic prefer-

ences, the simulated EIS varies by household asset holding and age—matching empirical

evidence (Havránek, 2015). This paper also finds the curvature parameter to be close to

1, and the implied EIS of well above 1 for some households—considerably higher than

values commonly assumed in literature. 1

Related Literature

This work is related to a few strands of literature: 1) car subsidy programs, 2)

household consumption responses to permanent income shocks, 3) models of consumption

and saving with illiquid assets or durables, and 4) elasticity of intertemporal substitution

literature.

Car Subsidy Programs. First, Thailand’s car tax rebate scheme is similar to car

subsidy programs previously implemented in other countries. For instance, the United

State’s Cars Allowance Rebate System (CARS), colloquially known as Cash for Clunkers,

and the France’s Balladurette and Juppette Program—both subsidizing the replacement

of old cars with new ones. The effects of these programs on future car sales and other

factors varied according to economy-specific conditions such as prior fleet distributions in

the economy and household wealth, income, and preferences. Balladurette and Juppette

subsidies were found to increase government revenues in the short run but cannibalize

revenues in the long run (Adda and Cooper, 2000). On the other hand, Cash for Clunkers

was found to pull future demand from a near future of only 7 months and there is no

evidence of the policy impacts on employment, house prices, and household default rates

afterward (Mian and Sufi, 2012).

Thailand’s car tax rebate policy are distinctive from the aforementioned programs

in three ways. First, Thailand’s car tax rebate scheme did not aim to be environmentally

friendly by reducing fleets of old cars on the road. Since the program did not require

trade-ins of old cars, the stock of old cars was never destroyed as required by CARS

1Berger et al. (2018) assumes and the curvature parameter the value of 2, which translates to EIS

of 0.5. Kaplan and Violante (2014) uses Epstein-zin preference which allow the risk aversion parameter

and EIS parameters to be different. Their coefficient of relative risk aversion is set to 4 and the elasticity

of intertemporal substitution 1.5.
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or Belladurette and Juppette’s program. In fact, the program ended up having a large

general equilibrium effect on second-hand car prices due to the large number of old cars

flooding the market. Second, the magnitude of the price drops in this program was much

larger than previous programs with higher participation rates and more coverage. Lastly,

previous programs were also implemented in upper income countries, while Thailand is

categorized as an upper-middle income country. Given the reasons above, results from

previous programs on policy consideration may not be immediately and quantitatively

applicable to this program. Quantifying the impacts of a car subsidy program in a

developing economy is also useful as increasing numbers of developing economies adopt

such policies. Moreover, as an individual’s car demands are highly discrete and nonlinear,

Thailand’s car tax rebate scheme created a unique opportunity to observe how households

respond to such large shocks in car prices.

Household Consumption Responses. Second, this paper is related to works

on household spending responses to shocks in permanent income. In recent years, there

has been a spur of literature looking into household spending in response to income tax

rebates or price shocks, including Shapiro and Slemrod (2009), Parker et al. (2013), and

Gelman et al. (2019) to name three. Shapiro and Slemrod (2009) found households with

varying qualities of balance sheets spent the income tax rebates heterogeneously, with

some using the rebates to pay debts, others saving the rebates, and still others spending

most of the rebates on consumption. Gelman et al. (2019) examined household responses

to income shocks induced by the drop in gasoline prices and found households to have a

marginal propensity to spend equal to 1.

This study adds to this strand of literature but takes a structural model approach.

The mechanism of a car tax rebate differs from that of an income tax rebate or a drop in

prices of nondurable goods because of the dual roles of durable goods as both consumable

goods and illiquid assets. The adjustment friction of durable goods can induce highly

nonlinear consumption responses—very large responses when the shocks are sufficiently

large for some, or none at all for others.

Illiquid Assets. Third, this paper is closely related to works that focus on household

consumption responses given income shocks in the presence of durable goods or illiquid

assets that carry transaction costs. Off-the-shelf consumption theory, such as rational

expectations, and life-cycle models with one risk-free asset will predict that marginal
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propensity to consume out of transitory income shocks is negligible in the aggregate. The

workhorse of illiquid assets with adjustment costs can produce aggregate outcomes that

better match the findings where households sometimes have large marginal propensity

to consume given the income shocks. Two prominent and closely related studies in this

strand include Kaplan and Violante (2014) and Berger et al. (2018). Both studies took

a partial equilibrium approach in modeling household consumption and saving decisions

in an incomplete market with illiquid assets and adjustment frictions.

Kaplan and Violante (2014) developed a life-cycle two-asset model with a low-return

liquid asset and a high-return illiquid asset that carries a transaction cost. The optimal

life-cycle pattern of a portfolio choice predicted by this model fits empirical evidences

that some wealthy “hand-to-mouth” households, i.e. wealthy households with little liq-

uid assets, will have a large propensity to spend out of transitory income fluctuations.

Berger et al. (2018) developed a model that explains the links between housing prices and

consumption in incomplete markets with income and house price uncertainty. Households

have options of renting or owning a house, and fixed costs to adjust or trade houses. This

study is similar to these two but distinctive in that it focuses on a car market where

cars are not a necessity and households have a non-linear Engel curve in car demands as

empirically observed (Havránek, 2015). Additionally, the estimation also places greater

emphasis on intertemporal consumption decisions, which would lead to more precision in

predictions of dynamic responses.

Elasticity of Intertemporal Substitution. Lastly, this study contributes to the

EIS literature. It provides a theoretical background to empirical findings that EIS are

heterogeneous by wealth and asset holding, and mechanically demonstrates how adjust-

ment frictions and non-homothetic preference produce heterogeneous EIS. It also focuses

on estimating relevant parameters that govern intertemporal consumption decisions by

matching model moments to moments of household panel data.

In the macroeconomic literature, empirical studies using aggregate consumption data

typically find EIS to be close to zero. On the other hand, models that are designed to

match growth and fluctuation generally would need EIS to be close to one (Guvenen,

2006). The inclusion of durable goods also significantly affects the estimates of EIS. The

early and influential work by Hall (1988) found EIS to be close to zero, indicating that

consumption changes very little in response to a change in real interest rates. Mankiw
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et al. (1985) enriched the model by introducing the service flow from consumer durables

with a linear Engel curve in the model and found EIS for durable goods close to one.

Ogaki and Reinhart (1998) used the innovative cointegration method, which is robust to

adjustment costs, assuming non-separability in durables and non-durables, and found EIS

to be around 0.32-0.45 with CES utility function specification. Havránek (2015) extended

Ogaki and Reinhart (1998) and incorporated non-homothetic preferences of durable goods

to account for a potential non-linear income effect and found EIS for nondurables to be

negligible while EIS for durables was found to be significant.

EIS in this study are calculated directly from simulated consumption path for a given

set of structural model parameters that are estimated using GMM. Most EIS estimations

in the literature have relied on Euler’s equation derived from a model setting with stochas-

tic income (Attanasio and Weber, 2010). The Euler’s equation is robust to adjustment

costs in the long run. However, household short-run responses can be expected to be

significantly different from those values estimated over a longer time horizon especially

when there are unanticipated income shocks. Due to the rich features of the model, EIS

in this study is numerically calculated from the simulated optimal consumption path in

the presence of shocks in return to assets. Given that the model period is one year, EIS

impulse rates can be calculated at one-year intervals.

The results in this study are in line with the empirical findings that EIS of wealthy

households are larger. Empirically, there has been a wide range of EIS estimates that

varied across countries and wealth levels. The wide range of estimates was found to be

reconciled by two main types of heterogeneity: wealth and stock market participation.

Blundell et al. (1994) and Attanasio and Weber (1995) found that rich households tend

to show larger EIS. When considering asset holding, households with high wealth, and

generally also stockholders, have higher EIS than households with low wealth. When

comparing EIS across countries, countries with lower stock participation rates are found to

have smaller EIS. The average of estimates reported in empirical studies is 0.5 (Havranek

et al., 2015).

EIS estimates in this study are also in line with more recent works using the GMM

approach to estimate EIS, finding the elasticity to be above 1 (Hansen et al., 2007).

Another strand of literature with EIS estimates is in asset pricing. Two new approaches

to estimate EIS are the long-run risk hypothesis (Bansal and Yaron, 2004) and the rare
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disaster model (Barro, 2009), which showed that EIS needs to be above 1 to replicate

consumption volatility and asset prices in data. Bansal et al. (2012) discusses that the low

estimates of EIS from the regression method could be biased downward severely due to

measurement errors in the real rates, or the endogeneity bias from omitted variables that

correlates with consumption volatility or the real interest rates. Gruber (2013) addressed

endogeneity bias by exploiting exogenous differences in capital income tax rates and found

estimates to be around 2.

The remainder of this study proceeds as follows: Section 2 presents reviews on Thai-

land’s car tax rebate policy and aggregate data that motivates the research question and

modeling choice. Section 3 explains the model, the model solution, and interpretations of

model parameters. Section 4 discusses estimation strategy by first showing Thai house-

hold descriptive data, parameter choices, estimation method, and identification. Then

Section 5 presents estimation results, model fit, and EIS estimates. Section 6 shows the

car-tax policy counterfactual, alternative policy experiments, and welfare analysis. Al-

ternative policy experiments include a consumption tax break, and income tax break.

Lastly, Section 7 concludes the study.

2 Policy Review

2.1 Overview

The flood in 2011 took Thailand by surprise. Residential, agricultural, and industrial

areas were all inundated and damaged by the flood. Thailand being the largest automobile

manufacturing base in Southeast Asia, the Thai government stepped in to aid domestic

automobile manufacturers by offering tax benefits to new car buyers in order to boost

demand for cars.

Participating car buyers would receive car tax rebates at the completion of one year

of ownership of qualifying vehicles. The rebate amount was equal to the vehicle excise

taxes, but not exceeding 100,000 Baht (approximately 3,000 USD). The vehicle excise

tax rates varied depending on the types and models of vehicles, ranging from 3 to 25

percent. Specifically, the rates were 3 percent for two-door pick-up trucks, 12 percent
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for four-door pick-up trucks, 17 percent for eco-friendly passenger cars and 25 percent

for small-size passenger cars. Furthermore, qualifying vehicles must be manufactured in

Thailand, and valued less than 1 million Baht. Any size pick-up trucks were eligible but

passenger cars’ engine size must not exceed 1500 cc.

Figure 1: Growth trend of GDE, PCE and Personal Vehicle Purchase

Source: Office of the National Economic and Social Development Board (NESDB)

The program was framed as “The First Car Program:” to make cars more affordable

to first-time car owners. However, in practice the “first time” criterion was quite lax.

The decision to purchase car is typically a household decision and a household unit

usually consists of some members who have not previously owned a car. Therefore, at

the household level the first time criterion effectively is nonbinding. Additionally, as

evidence shows, there was a large amount of old cars being traded in during the policy

(Chaithongsri, 2013) resulting in plummeting resale values. This implied that a number

of participating buyers were not first-time car owners, retiring their old cars to purchase

new ones.

The program was opened for interested participants to enroll between October 2011

and December 31st, 2012. Due to overwhelming interest, manufacturers could not meet

the excess demand and disbursed all the vehicles by the end of 2012 even with their full
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production capacities. However, as long as participants signed up with car reservation

forms by 2012, they were still eligible for the rebates. The actual vehicle disbursement

and tax rebate reimbursement lasted into 2014.

The size of the program far exceeded the government’s initial expectation. Over 1.25

million Thais signed up between September 2011 and December 2012 and as many as

1.1 million personal vehicles were actually purchased and excise taxes reimbursed from

the scheme by the end. Auto sales hit a record high in 2012 and 2013 during the scheme

(Figure A.1). The Thai economy saw a growth of 7.3 percent in 2012, climbing up from

the bottom of 0.8 percent growth in 2011 (Figure 1).

Figure 2: Thailand’s GDE, PCE and Personal Vehicle Purchases in 2005-2015

The car sales data suggests that the future demand was pulled forward during the

program at the cost of cannibalization of future new car sales. A simple linear projection

in car sales suggests that an additional 600 thousand cars and trucks, out of 1.1 million

vehicles, were being purchased during the policy (Figure 2). From a fiscal standpoint,

the program had an adverse effect on the government’s budget balance. The drop in car

sales following the scheme led to a loss in tax revenues while ongoing tax returns imposed

an extra budget burden. According to a study by the Thai Parliamentary Budget Office,

the government lost tax revenue of approximately 20 to 30 billion baht from this scheme

(TDRI, 2014).
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2.2 Expectations, Car Prices, and Resale Markets

Expectations on Prices. The announcement of the program was unanticipated. How-

ever, in the beginning, it was announced in October 2011 to last only until the end of

2011. But, due to overwhelming interest in the program, the government expanded the

program until the end of 2012. Household expectations of car prices when they partici-

pated in the program would be the discounted prices based on the existing vehicle excise

tax rates and previous market prices.

The program also has a general equilibrium effect. Used car prices dropped during

and after the program due to the large amount of used cars flooding the market follow-

ing the program. A survey on resale markets showed evidences that the policy put a

downward pressure on used-car prices (Chaithongsri, 2013). This is because some new

car buyers participated in the program were not able to meet the mortgage obligation.

Meanwhile, some model-year car prices dropped below the debt value that the cars were

mortgaged for (The Bank of Thailand, 2016). Consequently, many debtors defaulted, let

their cars go, and purchased a new one at lower prices. The level of non-performing loans

rose from 1.3 percent in 2012 to 2.4 percent in 2014 (The Bank of Thailand, 2016).

Resale Values. To monitor the second-hand markets, the Bank of Thailand also

constructed a used car price index (UCPI) starting in 2011. Figure A.3 shows trends of car

prices from the Consumer Price Index (CPI) of personal vehicles, the Bank of Thailand’s

UCPI (on the left axis), and the trend of household expenditure on car purchases from

Townsend Thai Data (right axis). Household expenditure on car purchases would be a

composite of both new and used car prices. The trends of price indexes illustrate the

general equilibrium effect of the policy on new and used car prices. The used car prices

started to drop immediately during the policy and hit a low in 2014, approximately 25

percent from its peak in 2012. The vehicle CPI, which is comprised of only new car

prices, also fell by approximately 20 percent following the policy.

Household Spending. The average household spending on a newly acquired ve-

hicle in Townsend Thai Data from 2005 to 2015 is shown in Figure A.3. The reported

personal vehicle spending consists of spending on both new and used cars. The aver-

age spending per vehicle roughly follows the trend of CPI before and during the policy.

However, household durable spending per vehicle dropped drastically and largely tracked
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UCPI after the policy. This suggests that most vehicle purchases that households made

during the policy were of new cars, while most purchases households made after the policy

were of used cars. Households shifted away from new cars to used cars as the used-car

prices plummeted. However, in 2015, the new car prices dropped to compete with used

car prices and household spending per vehicle bounced back again due to the drop in new

car prices.

2.3 National Accounts Data

This section examines the policy impacts on the aggregate by looking at gross domestic

expenditure (GDE) and private final consumption expenditure (PCE) data. Subsequent

to the program, growth of personal vehicle purchases in PCE data was negative for as

long as eleven quarters (Figure 1).

The aggregate household consumption by durability is also examined to investigate

substitutibility (or complementarity) between various types of spending. The aggregate

data shows that household consumption expenditure in non-durable, semi-durable, and

services increased at the same time with car purchases during the scheme. The aggregate

trend suggests complementarity between durable and non-durable spending in the same

period. The enormous surge in household spending during the policy followed by a

relatively long spell of sluggish consumption is evidence of large elasticity of intertemporal

substitution among Thai households. Growth of private vehicle purchases was negative

for as long as eleven consecutive quarters after the policy ended in 2013 (Figure 1). PCE

moved closely with personal vehicle purchases, and had negative growth for 3 quarters

after the policy ended (Figure A.4). In fact, aggregate domestic consumption remained

slow for at least three years afterwards.

While durable spending accounts for the smallest share in expenditure, its growth

is the most volatile. Figure ?? shows Domestic PCE broken down by durability. These

are components of Domestic PCE added with tourist expenditures. The share of durable

spending was approximately 10 percent (Figure ??) from 2005 to 2015, with it surging

during the policy then quickly subsiding afterwards. Growth of semi-durables and non-

durables in 2012 and 2013 seems to move in the same direction with growth of vehicle

purchases and durables (Figure ??). The rise in demand on cars and complementary
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goods during the policy was likely due to the perceived rise in real income. In other words,

the income effect from the drop in car prices was larger than the within-period substitution

effect. However, both durable spending and other spending declined drastically following

the policy. The exception was spending on services that recovered in the fourth quarter

of 2013, which was likely propelled by the recovery of the tourism sector rather than

domestic demand.

In summary, an overview of the aggregate data confirms that Thailand’s car tax

rebate had a significant impact on household consumption, asset holdings, and savings.

Aggregate data suggests that domestic spending was significantly boosted during the

policy. Spending in all categories increased during the policy, but domestic demand

remained weak for a few years afterwards. The following recovery of private consumption

was in the service sector, which was boosted by foreign tourist’s spending rather than by

domestic demand.

To disentangle the impact of the policy from other confounding factors, such as the

looming recession or low income due to slow global economy, a more in-depth analysis

is required. The next section develops a life-cycle consumption and saving model with

cars as durable goods. The pattern from aggregate data suggests that the model should

allow for intratemporal substitution between durables and nondurables. Furthermore, in

order to answer the research question on tradeoffs between contemporaneous efficiency

and future cannibalization, the study will focus on estimating parameters relevant to

elasticity of intertemporal substitution.

3 Model

Households consume two types of goods: non-durables and durables. They accumulate

risk-free assets and durable goods, and are able to borrow within given borrowing con-

straints. Durable goods serve dual roles of providing a stream of services and storing

wealth.

For the purpose of evaluating Thailand’s car tax rebate policy, durable goods in this

study are comprised of only household personal vehicles— including both passenger cars

and pick-up trucks (henceforth referred to as cars for brevity). In general, durable goods
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include housing, personal vehicles, and other board durables as well. This study chooses

to include only cars as durables that incurred adjustment costs to tailor to the research

question that is evaluating the car tax rebate policy. However, in order to accurately

capture household wealth, household assets from data that are included to represent the

model assets consist of both household liquid and fixed assets.

The majority of household fixed assets is in the form of land and housing (Table 2).

For completeness, asset data also includes other board durables such as electronic devices

and furniture. However, the fraction of wealth that is contributed by board durables is

still relatively small. Furthermore, wealth stored in land and housing can be liquidated

via collateral loans more readily in comparison to wealth stored in cars. Therefore, the

implied assumption that wealth stored in other forms of fixed assets can be accessed

without adjustment costs in the model with a period of one year length is reasonable and

fairly innocuous.

Both borrowing or credit constraints and adjustment costs are crucial features for

models attempting to explain household responses in the short and medium run. Credit

constraints are an important friction for the car adjustment as households without suffi-

cient assets or income cannot purchase a car due to limited access to credit. The adjust-

ment costs of cars in the model encompass relevant costs of car resales such as searching

costs, psychic costs, registration fees, and losses due to asymmetric information. In the

absence of adjustment costs, households will optimally adjust their cars every period and

all the car owners would have participated in the car tax rebate policy.

3.1 Setting

Households live for 60 periods, j = 1, ..., 60, representing a household age of 26 to 85.

Household ages are proxied by ages of household heads in the data. They consume two

goods: non-durable goods, Cit, and a stream of services from durable goods, Dit, in each

period while receiving exogenous stochastic income of Yit. They also store their wealth

in two assets: a risk-free asset with no adjustment costs, Ait, and durable goods, Dit.

Household i maximizes the expected utility function

Et[Σ
J
j=1β

jU(Ci,t+j, Di,t+j) + βJ+1B(Wit+J+1)]
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where B(.) is the value of terminal wealth in period 60.

3.1.1 Preferences

In each period, a household consumes two types of goods, non-durable goods and service

flow from durable goods. The stream of service flow is proportional to the size of durables,

consistent with the standard assumption in the literature. Cars are luxury goods in

Thailand. Given that less than fifty percent of households in the survey owned a car, and

the likelihood of car ownership rose with income and wealth, cars are modeled as a luxury.

Typical alternative modes of transportation are personal motorcycles, public transports,

and motorbike, tricycle or sedan taxis. The preference is assumed to be non-homothetic

in car consumption to represent the non-linear Engel curve in car purchase spending.

When EIS is the focus of research interest, non-separability in preference for durable

and non-durable goods could be a concern. If the intratemporal substitution effect be-

tween durable and non-durable is strong, assuming additive separability between them

will lead to a bias in EIS estimates. The standard practice, pioneered by Ogaki and Rein-

hart (1998), is to assume the standard CES functional form and estimate the intratempo-

ral substitution parameters. This study chooses the Cobb-Douglas utility function—an

equivalent of the CES utility function with the intratemporal substitution of 1—as a

benchmark. This is a sound assumption given that the estimates of elasticity between

non-durables and durables in the literature are not statistically different from 1 (Berger

and Vavra, 2015). Second, the Cobb-Douglas utility function is chosen as a benchmark

to be consistent with the most recent works in the literature on household durable goods

with adjustment costs (Berger and Vavra, 2015; Berger et al., 2015; Fernandez-Villaverde

and Krueger, 2011). 2

Households are assumed to have a per-period Cobb-Douglas utility function as fol-

lows:

U(Cit, Dit) =
1

1− σ
(Cα

it(Dit + τ)1−α)1−σ

In a static setting with the standard Cobb-Douglas preferences, deterministic income,

2Kaplan and Violante (2014) chose a different function form—Epstei-Zin-Weil—to allow for EIS and

relative risk aversion to be independent of each other.
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and no asset accumulation, the share of the durable and nondurable demand is constant

for any given level of income. In other words, there is no income effect, and the income

expansion path or the Engel curve is linear. Adding the τ parameter in the utility function

allows the income expansion path of cars to be non-linear. The optimal consumption share

of nondurable to durable goods for households with sufficiently low income (or wealth)

will be 1:0. When household asset holding or income is sufficiently high, the ratio of

C : (D + τ) is equal to α : (1 − α). As income rises, the ratio of C : D will converge

to α : (1 − α). However, in a dynamic setting the ratio of C : D could be different

as governed by the first order conditions for intertemporal and intratemporal marginal

utility.

Non-homotheticity in the preference, i.e. the quasi-linear functional form, distin-

guishes this study from closely-related studies. With the Cobb-Douglas utility function

specification, the intratemporal substitution parameter is assumed to be equal to 1. How-

ever, non-homotheticity in the preference implies that intratemporal substitution varies

among households according to their wealth levels. Low-wealth households have rela-

tively low intratemporal substitution. At sufficiently low wealth, households will opti-

mally choose to not own a car, and do not change their durable demand even when facing

a large price shock. This implies no intratemporal substitution between demand at that

level of income and prices.

3.1.2 Income Process

Households face an exogenous and stochastic income process. Household i at time t is at

age jit and has an income process defined as

ln(Yit) = χ(jit) + αi + yit

throughout the life-cycle: χ(jit) is the deterministic age-dependent parameter, αi is the

household heterogeneous fixed effects, and yit is the residual income.

The residual income, yit, has two components: the permanent shock zit and the

temporary shock εit . zit is the household permanent shock that follows an AR(1) process

as specified below:
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yit = zit + εit

zit = ρzit−1 + µit, t = 1, ...T

ρ ∈ [0, 1]

µit ∈ N(0, αµ)

εit ∼ N(0, αe)

z0 ∼ N(0, α0).

3.1.3 Per-period Budget Constraint and Adjustment Costs

The per-period budget constraint without adjustment costs is

Cit + Pt(Dit − (1− δ)Dit−1) + Ait = Yit + (1 + r)Ait−1.

The adjustment costs incur only if households decide to adjust their durable levels. This

study specifies two types of adjustment costs: 1) proportional adjustment costs (Fv) and

2) fixed adjustment costs (Fo). The proportional adjustment cost, Fv, is the transaction

cost that is proportional to the value of cars being sold. It captures the time and psychic

costs of selling a car—cars with higher value may require more time and efforts in selling—

and also possible higher loss in value due to asymmetric information. Note that the

cost only depends on the size of an existing durable, not the new purchase, a standard

specification in the literature. This will yield a policy rule that depends only on the

state variable, and not on the choice variable. Moreover, an additional fixed cost, Fo, is

included to capture the value-invariant costs of selling a car, such as a title transfer and

license registration fees.

The total adjustment cost given durable holding Dt−1 is equal to

F = FvPtDt−1 + Fo.

Having two types of adjustment cost parameters will also allow for flexibility in matching

moments of frequency of adjustment at varying levels of income and wealth. Both types

of adjustment costs are effective in producing an optimal solution with infrequent adjust-

ment of durable goods. However, the proportional adjustment cost will result in a policy

function that is dependent on the size of state variable D. The proportional adjustment

cost enters the first order condition directly and affects households with varying levels of

wealth by the same extent. On the other hand, the fixed adjustment costs do not enter
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the first order condition, but it has what is akin to the wealth effect. The fixed adjust-

ment cost will create varying degrees of frequency of adjustment depending on household

wealth levels.

3.1.4 Terminal Value of Wealth

Townsend Thai data reveals that Thai households still hold a high level of assets even if

they are near the end of life. The lack of asset deaccumulation indicates that households

may have bequest motives given the presence of younger household members, or in general

they value having some assets at the end of their lives presumably as precautionary saving.

In order to mimic this empirical observation, households are assigned a terminal wealth

value function.

For simplicity, I maintain the structure of the utility function and assigned a scaling

parameter, ψ, as the terminal wealth value function:

VT = ψ
[(AT )α(DT + τ)1−α]

1−σ

1− σ

3.1.5 Recursive Form

The household dynamic problem described above can be written in a recursive form. Let

the set of state variables s ≡ (A,D, z, j): household wealth, durable holding, permanent

income shock, and age, respectively. In each period, households face a decision of whether

or not to adjust their durable stocks. The discrete decision is made by comparing the op-

timal value of each sub-problem. Households face different budget constraints depending

on whether they adjust their durable holding. In each sub problem, they also face the

borrowing constraints and nonzero consumption constraints.

The value function given the state variables s is

Vt(s) = max{V adjust
t (s), V no adjust

t (s)}.

Households solve the following dynamic problem if they adjust their durable holding: For

t = 1, ..., 60 :
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V adjust
t (s) = maxC,A′,D′ U(C,D′) + βE[Vt+1(s

′)|z]

s.t. A′ + PD′(1 + τd) + C(1 + τc) = (1 + r)A+ y(z)(1− τy) + (1− Fv)(1− δ)PD − Fo
A′ ≥ At+1

D′ ≥ 0

C ≥ 0

s′ = (A′, D′, z′, j + 1).

where τd, τc, and τy are the (effective) tax rates on cars, non-durable goods, and labor

income. If households adjust their durable consumption, there are two choice variables,

A′ and D′, while C is complying with the per-period budget and the nonzero consump-

tion constraints. D′ is nonzero but can be lower than the previous durable stock net

depreciation (D(1− δ)) if households are selling their durable goods as a buffer stock and

adjusting their durable level downward when they experience negative shocks. On the

other hand, households will adjust their stock higher if they experience positive shocks

or their durable levels drop sufficiently low (from depreciation).

Households solve the following sub-problem if they do not adjust their durable hold-

ing:

V no adjust(s) = maxC,A′ U(C,D) + βE[V (s′)|z]

s.t. A′ + C(1 + τc) = (1 + r)A+ y(z)(1− τy)− δPD

A′ ≥ At+1

C ≥ 0

s′ = (A′, (1− δ)D, z′, j + 1).

In this case, they have only one choice variable, A′, while C follows the budget and

nonzero constraints. Given the two value functions V adjust(s) and V no adjust(s) at the

state variable s, households will make an adjustment decision by choosing the option

with higher value.

3.2 Model Solutions

The model is solved backwards from the terminal period. Households solve two sub-

problems in each period: the adjust and non-adjust cases. They will make adjustment
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decisions based on the value functions of the two sub-problems choosing the option with

higher value.

In the case of non-adjustment, households continue to consume the existing levels

of durables (net depreciation) from the previous period. A household essentially has one

choice variable in this case, the non-durable consumption, and the next period asset will

be according to the budget constraint. At a given level of durable and assets, the next

period level of assets, or nondurable consumption, is chosen to optimize the problem ac-

cording to the intertemporal first-order-condition for interior solutions. Corner solutions

may occur in cases of either binding borrowing constraints, or zero consumption.

In the case of durable adjustments, households have two choice variables: durable and

non-durable consumption. The two choice variables will be determined by the two first-

order conditions that dictate the intratemporal and intertemporal substitution. Similarly,

corner solutions for either binding borrowing constraints and/or positive consumption

levels are considered.

Regardless of whether there are imposed borrowing constraints, there is a natural

borrowing constraint given the utility functional form. Households have −∞ utility if

non-durable consumption is zero. This feature of the utility function imposes a natural

borrowing constraint—additional to the imposed borrowing constraints A—on the asset

level. Households are heavily penalized when they cannot afford positive non-durable

consumption.

The model solutions resemble the (S,s) bands optimal rule. To aid visualization of

the solution, it is useful to think of the solution to the problem without adjustment costs

as a benchmark. If households can adjust their stock of cars costlessly, they will re-

optimize their durable levels every period according to the two first order conditions and

constraints. For a given set of state variables there is an optimal level of durable goods,

D∗(A,D, j, z), and asset, A′∗(A,D, j, z), that solves the problem V adjust when adjustment

costs are equal to zero. The introduction of positive adjustment costs essentially creates

an inaction band around this optimal point (A′∗, D∗). The larger the adjustment costs,

the thicker the inaction band.

At a given set of state variables, households will adjust if their durable levels are
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outside of the inaction band. Households will adjust upwards if the level of durable

becomes too low, generally as durable depreciates over time. On the other hand, they will

adjust downward when its asset level become too low, such as when they are experiencing

negative income shocks. In this case, durable goods essentially function like a buffer stock

for the household. On the other hand, a household may adjust its durable stocks upwards

if there is a sufficiently large positive shock.

Figure 3: Policy Function of Durable Holding Given A and D

An example of a policy function given a state space of (A,D) is illustrated in Figure

3. The flat plane is the area of inaction (A,D) where it is optimal for households to

hold their durable position. The the right corner is where households will adjust the

durable level upward when the given level of D is too low. On the other hand, the left

corner shows the area of the state space (A,D) where households will adjust their durable

downwards. This is where households resort to selling cars as buffer stocks when their

asset levels become too low.

As the level of wealth rises, the demand for durable goods rises. Households with

more wealth will have larger areas of adjustment. The higher the wealth, the higher the

lower-bound threshold of the inaction band will be. Figure 4 shows a level set of policy
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Figure 4: A Level Set of Policy Function at Different Level of Assets Given t = 30 and

z = 0

function of durable adjustment decision for 55-year-old households (t = 30), given that

their permanent shock is 0— i.e. they are at a mean income. First, if households have

low assets and are very close to the borrowing constraints, A = −198, the policy function

is to sell all the durable goods except when their durable levels are extremely low and

selling may not cover the fixed adjustment cost. If their durable holding is too high,

the policy function is to liquidate existing durable goods and adjust the level of durable

holding downward. For a household with a low level of assets that is sufficiently far away

from the borrowing constraint, A = 10, the policy function is to not adjust and keep the

existing level of durable goods.

To illustrate durable demand at different ages, Figure A.5 shows a level set of pol-

icy function given a level of assets at 200 thousand baht and permanent shock z = 0.

Demand for durables rises with age. Given the same level of assets, the desired durable

holding becomes larger as households grow older due to diminishing precautionary saving

incentives as they are closer to the end of the life cycle. The level of desired durables

actually exceeds the asset holding due to the fact that households are allowed to borrow

and durables are long lasting and provide a stream of services over time. Furthermore, the
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marginal benefit of owning a car exceeds the marginal benefit of households continuing

to consume nondurables given that they have sufficiently high wealth. In order to avoid

frequent adjustment, households have incentive to purchase larger stocks of durables to

avert from adjustment costs. For numerical computation of the model solutions, see

Appendix A.3. A survey of different numerical techniques of similar models are also in

Appendix A.4.

3.3 Model Mechanisms

Shocks in income or prices operate through three main channels: 1) the income channel,

2) the substitution or price channel, and 3) the wealth or consumption smoothing channel.

This section will discuss how changes in model parameters affect consumption and saving

behaviors through each channel.

In the standard Cobb-Douglas preference, the elasticity of intratemporal substitu-

tion (ES) between durables and non-durables is one, whereas the preference weight of

nondurable goods is equal to α. In addition, the curvature parameter, σ, is equivalent to

the relative risk aversion, while EIS is equal to the inverse of the relative risk aversion,

1/σ. Nevertheless, the quasi-linear functional form in this model changes the standard

interpretation and elasticities implied by the Cobb-Douglas utility function.

3.3.1 Income Channel

The shock in prices affects demand via the income channel given the rise (or fall) in real

incomes. When the real income increases (from a price drop), demand of both durable and

nondurable goods weakly increases. In a general Cobb-Douglas utility function, demand

for both goods would be increasing proportionally together (as the demand is equal to

income shares).

However, the non-homothetic parameter introduces the income effect on car demand,

which would otherwise be absent in the standard Cobb-Douglas utility function. The

parameter τ indicates the degree at which a car is a luxury good to households. The

higher the τ is, the higher level of luxury cars are to households. This income effect is an
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important aspect of the model to fit a related demand function for durable goods (Pakoš,

2011).

In the presence of the non-homothetic and adjustment cost parameters, the rise in

real income needs to be sufficiently high to overcome non-homotheticity and adjustment

frictions in order to shift car demands . On the other hand, given that there is no friction

in adjustment of nondurable consumption or saving, demand for nondurables or assets

will increase when real income increases.

3.3.2 Substitution or Price Channel

When there is a shock in relative prices, households will revise their demand by shifting

consumption toward cheaper goods or investing in cheaper assets. While the parameter

α governs the demand shares of each type of goods, the elasticity of (intratemporal)

substitution (ES) between the two goods is equal to 1 in the standard Cobb-Douglas

utility functional form (i.e. τ is zero). However, when the non-homothetic parameter, τ ,

is nonzero, ES will vary according to household wealth/income level.

A consumption share of nondurable goods will be relatively large when the value of

τ is high, i.e., households will have zero demand for durable consumption at sufficiently

low income (wealth). For these households, a small change in relative prices of durable

goods will have no impact on non-durable demands, hence zero elasticity of intratemporal

substitution. As household income (wealth) becomes sufficiently high, the ES is larger

and approaches 1.

3.3.3 Wealth or Consumption Smoothing Channel

Non-homothetic Parameter. To illustrate how τ affects the life-cycle consumption

pattern, Figure A.6 shows the average of household consumption and saving over the life

cycle at varying values of τ . At a low value of τ , cars are more of a necessity and hence

households will start purchasing a car very early in life. In this case, the alternative

option of owning a private vehicle will provide low utility flow or may indicate that there

are not many non-durable goods or services that can act as substitutes for cars. The

lower the τ , the higher the car ownership rate, cumulative durable level, and frequency
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of adjustment over the life cycle in the population. For instance, if τ is only 50, all

the median-income households will own a car, hence a higher car ownership rate in the

economy. However, purchasing a car early in life also leads to a relatively low level of

assets and non-durable consumption later on. Therefore, when the value of τ is high,

young households are also more likely to not own a car. They will become car owners

when they are older and already have achieved sufficient asset accumulation.

A comparative static exercise shows that the model-generated car ownership rate in

the population is monotonically increasing over the life cycle at any value of τ due to the

imposed utility function and the life-cycle setting. Therefore, allowing value of τ to vary

by cohort is necessary to generate more flexible patterns of car ownership rates in order

to match the pattern in the data. This is due to the fact that at a given point in time,

there are many cohorts in the data and different cohorts could have varying degrees of

non-homotheticity in their car preferences.

Curvature parameter. Given a standard constant relative risk aversion (CRRA)

utility function, σ is the coefficient of relative risk aversion, and EIS is equal to 1/σ.

However, given the non-homotheticity in durable good preferences, σ is no longer equiva-

lent to the coefficient of relative risk aversion, and 1/σ is no longer the EIS. Nonetheless,

the inverse relationship between relative risk aversion and EIS remains. For clarity, the

parameter σ will be referred to as the curvature parameter.

Households with high curvature parameters, σ, prefer having smooth consumption

over their life cycle. Generally, a high value in the curvature parameter, i.e. low EIS,

implies that 1) households prefer having precautionary savings to smooth consumption

over time, and 2) households prefer a flat consumption profile. Households with high σ

may consume more when they are younger and less when they are older in comparison to

households with lower σ. Households with low σ, i.e. high EIS, may hold off consumption

when younger in order to save more and have a flatter consumption over the life cycle.

In the presence of durable goods, households are also likely to smooth out durable

consumption over the life cycle. Households with high σ, or low EIS, will prefer flat

consumption profile and purchase durable goods when they are young in order to smooth

out their durable consumption over their lifetime. This in turn will result in less saving,

and lower consumption of both their durable and non-durable goods when they are older.

26



Figure 5: Comparative Statics for σ: Average Life-Cycle Consumption, Assets, and

Durable Adjustment

On the other hand, households with low σ, or high EIS, will consume less durable goods

when they are young in order to save more, and enjoy a higher level of durable and

non-durable goods when they are older. In other words, households with low curvature

parameter, i.e. high EIS, will gravitate toward options with high consumption in some

periods rather than smooth and flat consumption over the lifetime.

At the aggregate level, the curvature parameter also influences the trend and level

of car ownership rates, durable spending, and the frequency of durable adjustment in

the economy over the life cycle. A higher curvature parameter value will imply higher

spending on both durable and non-durable goods at a younger age, and lower spending

at an older age (Figure 5). 3

3One concern is that the specified utility function has an underlying assumption that households have

the same curvature in preferences for durable and non-durable goods. The functional form is in line with

the standard in the literature; however, it imposes the same curvature on consumption profiles for both

goods and generates the trend of life-cycle nondurable, durable, and assets mentioned above (Figure 5).
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4 Empirical strategy

This section discusses data and estimation strategy. Some parameters are chosen outside

the model from data or closely related studies. Then, the income process parameters

are estimated exogenously to fit the income reported in household panel data. Given

the previously chosen and income process parameters, the rest of the parameters are

estimated within the model using the Generalized Method of Moments (GMM) matching

moments of simulated data from the model to moments of household data.

Parameters chosen outside the model include r, δ, Fo, Fv and β. Parameters estimated

within the model include τc∈{1,2}, α, σ, and ψ. Parameters τ are allowed to vary by cohorts:

25 to 40 years old, 40 years or older.4 The variation in τ by cohorts reflects different tastes

or preferences in cars, i.e. the level of necessity cars are for each cohort.

4.1 Data

To estimate the model parameters, data moments are constructed from the household-

level data: Townsend Thai Data, Urban and Rural Resurvey from 2005 to 2015. Townsend

Thai data consists of a very detailed and continuous panel of household assets, consump-

tion, and income from over 10 years. It is the longest and most complete panel of Thai

household-level data in terms of household assets and income variables. Since household

assets and wealth, particularly car ownership, are the model’s key variables, this data

set is chosen as the model key variables collected in this data set are of high quality

and very detailed. The data are collected annually and if there is any discrepancy in

questionnaire responses, households were asked to confirm or reconcile the discrepancy.

This substantially reduces measurement errors normally encountered in survey data.

One drawback is that the Townsend Thai data sample is not representative of the

whole country, although it is representative of the urban and rural areas of the six

provinces it is sampled from. Nonetheless, a comparison of summary statistics (Table

1) between the Townsend Thai Data and Socioeconomic Survey (SES)— the primary

Future work may consider relaxing this assumption to allow for the curvature of non-durable and durable

profiles to vary more independently.
4τ varies by three cohorts are also estimated and included in the appendix for robustness check
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Thai household data collected by the National Statistical Office— shows that the Urban

and Rural Resurvey of Townsend Thai Data together are approximately representative

of the sample in SES. For instance, the averages of gross income and the number of ve-

hicles owned by households in SES fall right between the averages of those in Townsend

Urban and Rural Resurvey. The ratio of college graduates according to SES data also

falls between the ratios in the urban and rural areas from Townsend’s.

Table 1: Summary Statistics of Thai Household Demographics in 2009-2010

Year/Data set SES Townsend Urban Townsend Rural

Variables 2009 2010 2010

Male 0.67 0.56 0.64

(0.47) (0.50) (0.48)

Age 51.7 54.87 55.99

(14.65) (11.39) (12.40)

College 0.11 0.17 0.04

(0.32) (0.38) (0.19)

Gross Income (THB) 250,832 286,993 194,827

(427,440) (323,263) (247,116)

Number of household members NA 4.08 3.89

(1.91) (1.78)

Saving NA 45,031 36,362

(280,436) (154,095)

Number of passenger cars owned 0.12 0.17 0.06

(0.39) (0.43) (0.26)

Number of pick-up trucks owned 0.25 0.25 0.24

(0.51) (0.48) (0.48)

Number of cars and pick-up trucks owned 0.37 0.42 0.30

(0.65) (0.64) (0.57)

Standard errors in parenthesis

*Weighted average and standard errors adjusted so that the SES is representative to the kingdom

Source: SES and Townsend Thai Data Annual Resurvey
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4.1.1 Assets

Table 2 shows summary statistics and the composition of household assets. Household

assets included as the variable A in the model are comprised of both liquid and illiquid

assets. Liquid assets include saving, checking accounts and cash. Illiquid assets consist of

household fixed assets, vehicles other than cars or pick-up trucks, land, land with housing,

agricultural assets, business assets, lending, and net liability.

Table 2: Thai Household Asset Portfolio Composition in 2005

Mean Mean Median Median

(2002THB) Fraction of wealth (2002THB) Fraction of wealth

Income 163,153 0.37 100,640 0.92

Net wealth 436,012 109,195

Net Liquid asset 27,322 0.06 3,660 0.03

Illiquid assets net liability 408,690 0.94 95,952 0.88

Household fixed asset 112,200 0.26 27,905 0.26

Vehicles 63,650 0.15 0 0.00

Land 400,974 0.92 0 0.00

Land with housing 42,990 0.10 0 0.00

Agricultural assets 11,096 0.03 0 0.00

Business assets 15,824 0.04 0 0.00

Borrowing 134,499 0.31 39,524 0.36

Lending 3,095 0.00 0 0.01

Source: Townsend Thai Data Annual Resurvey, 2005

Household asset holding would be tremendously misrepresented without including

illiquid wealth, given that the average of liquid asset holdings for households at 27 thou-

sand THB accounts for only 6 percent of the average household net wealth at 436 thousand

THB (Table 2). Therefore, most recorded illiquid assets are included in order to give an

accurate representation of household wealth. Given that the model period is one year,

the assumption that households can access their illiquid wealth costlessly is reasonable.

However, the assumption that these assets can be accessed without friction might be

too strong for a model concerned with higher-frequency responses, such as monthly or

quarterly responses.

A look at the average and median of the composition of household wealth reveals a
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large wealth inequality in Thailand. The average wealth is significantly larger than the

median wealth. The majority of households do not own land, housing, or vehicles while

more than half of households do not own a car. The average of household vehicle value

is 63 thousand THB, approximately 15 percent of the average net wealth (Table 2).

The life-cycle asset profile is constructed by estimating OLS regressions of asset

profiles as a function of ages and year effects. Then the life-cycle asset profile is the

predicted asset value by age. The profile fitted to Townsend Thai Data shows a similar

hump shape observed in the US data. Wealth accumulation peaks at around age 50, but

older households barely de-accumulate their wealth afterwards (Figure A.8).

Townsend data reports the initial asset value in the first survey, and all the new

purchases of fixed assets in the following resurvey. To construct a household fixed asset

profile, I use depreciation rates specific to particular types of fixed assets. Household

board durables, including appliances, are assumed to depreciate at rate 16.5 percent,

agricultural assets at 13.15 percent, and business assets at rate 15.79 percent. The rates

are chosen based on the depreciation rates used by the U.S. Bureau of Economic Analysis

on the most related board durables in each category. Fixed asset value and household

car value are calculated following the standard law of motion:

dit = (1− δd)dit−1 + Iit

where dit is the fixed asset or car value in each period and Iit is the new purchase of

the fixed asset at time t. For the purpose of the car tax rebate policy evaluation, only

passenger cars and pick-up trucks are included in the value of durable consumption, Dit,

in the model. Other types of fixed assets are included in household wealth, Ait. The

depreciation rate for cars is assumed to be 9.4 percent.5

Figure A.9 shows household car holdings over the life cycle. The profile also shows a

similar hump-shape pattern with a peak at around age 35. Afterwards, households seem

to maintain a flat value of car holding over time. The frequency of car adjustment over

the life cycle is also calculated by using the number of times that households purchase

and/or sell a car over 10 years. It shows a declining trend that younger households tend

5According to the author’s calculation to fit the aggregate capital stock and gross capital investment

of personal vehicles in the private sector as reported by the Capital Stock of Thailand and National

Income (NESDB, 2017)
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to purchase a car more frequently than older households (Figure A.11.) This may reflect

cohort-specific preferences that cars are more of a necessity for younger cohorts.

4.1.2 Consumption

Household non-durable consumption consists of household spending on food, alcoholic

beverages, tobacco, gasoline (excluding gasoline for business or farm use), and spending

on ceremonies. Household spending on services and semi-durable goods, namely house

repairs, vehicle repairs, education-related expenses, clothing, and food eaten away from

home are also included. Figure A.10 shows household non-durable spending by cohorts

from 2005 to 2015. Non-durable consumption also has a hump-shape profile with a peak

at age 50.

4.1.3 Income

Labor income in this study is constructed from wages and the gross operating surpluses

of households from the Townsend Thai data. For households that are wage earners, labor

income is straightforward. However, more than half of the Thai household sample are

business owners and farmers. Their earned incomes, i.e. operating surplus, is a mixed

income: a return of both labor and capital. In order to account for labor income for

these households, I use the capital productivity factor reported in the Capital Stock of

Thailand by the National Accounts Office as the share of labor income. I use the capital

product factor for the agricultural sector (labor product factor = 1-capital product factor)

to account for operating surpluses of farms, and the capital product factor for the service

sector for operating surpluses of other businesses. 6 If households have many sources

of income I add all the incomes that are considered labor income plus a fraction of

operating surpluses of their businesses or farms together. Labor income profile over the

life-cycle is also hump-shaped (Figure A.7), with a peak also at age 50 and a steady

decline afterwards.

6Most small businesses that households own are in the service sector while most of workers in the

industrial sector are wage earners.
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4.2 Estimations

Estimations are done in two steps. First, some parameters are chosen or estimated

outside the model. Then given the exogenously chosen or estimated parameters, the rest

of the parameters are estimated using GMM to match moments of simulated data to

the moments of household panel data. Key parameters that are unique to the model

specification are estimated within the model, while other more common parameters are

chosen based on outside evidence or related literature. Parameters chosen outside the

model according to other sources of data or literature include r, δ, Fo, Fv and β, while the

income process parameters are estimated exogenously. Five parameters estimated within

the model, include α, σ, ψ and cohort-specific parameters, τc∈{1,2}. A robustness check

allowing parameters τ and Fv to vary by cohorts are also performed.

4.2.1 Parameters Chosen Outside the Model

The asset return rate, r, is chosen to reflect a middle range value of asset returns in

the data. Assets in the model consist of both liquid assets, in the form of savings and

cash, and the fixed assets net liability. The average saving rate in Thailand over the

time period was relatively stable, around 2 to 3 percent annually.7 Some households also

own businesses or farms, and business or farm assets often generate returns at a higher

rate than saving. Furthermore, some households lend money to other households and

their reported returns are approximately 12 percent (weighted average by loan sizes).

Considering varying return rates from different types of assets, I chose a middle value of

asset return rates as 5 percent.

Given the aggregate level of capital for private vehicles and the level of the gross

private personal vehicle investment reported by National Accounts over the past 10 years,

I calculate the car depreciation rates to be equal to 9.4 percent in order to match the

implicit depreciation rate over time of the aggregate level of private personal vehicles.

The fixed adjustment cost, Fo, is set at 8 thousand THB reflecting expenses in vehicle

purchases such as title transfer and license registration fees. The discount rate, β, is set

at 0.95. Parameters are estimated given a range of β and the rate 0.95 yields the best

7according to the author’s calculation from saving interest rates of major commercial banks reported

by the Bank of Thailand
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fit; i.e., the lowest residuals of the quadratic sum of the differences between model and

data moments.

4.2.2 Income Process Parameter Estimation

In order to fit the stochastic parameters for the income process, first the life-cycle com-

ponent is estimated to fit the 4th order polynomial regression of yearly earnings on age.

The year effects are estimated from the regression as a deterministic part of the income.

The stochastic process parameters are then estimated from the income regression residues

following the estimation process as in Kaplan and Violante (2010). The parameters are

estimated using GMM by matching the covariance matrix of the residues of yearly earning

to the covariance matrix generated from the stochastic process. The permanent shocks

are estimated to follow the AR1 process with an autocorrelation ρz equal to 0.9453, and

a standard deviation of σz equal to 0.0959, while the temporary shocks have a standard

deviation σx equsl to 0.29 (Table 3.) The variance of individual fixed effects is equal to

0.0192 and the variance of initial shocks, σz0, is 0.4996.

4.3 Identification

I chose to estimate key parameters that are unique to the model specification, while

other more common parameters are chosen from outside evidence or related literature.

Moments are targeted at Age× Income×Y ear cells. Parameters are estimated to match

data prior to the car tax rebate in year 2006 to 2011. The key parameters estimated in-

clude the curvature parameter (σ), the non-homothetic parameters, and the proportional

adjustment costs. Meanwhile, the fixed adjustment cost, Fo, is chosen to fit outside ev-

idence, and the discount rate or the patience parameter, β, is fixed at 0.95. In similar

studies, Kaplan and Violante (2014) and Berger et al. (2018) estimate the discount rate,

β, and choose the common value of σ in the literature.

The patience and fixed adjustment cost is chosen to fit outside evidence because the

consumption and asset profiles cannot pin down all the parameters at the same time. For

instance, there are many ways that the model can generate a high rate of consumption

of durable goods early in life: 1) if value of Fo is low, 2) if the value of τ is low, or 3) if σ
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Table 3: Parameter Values

Chosen to match external evidence:

r 0.05

δ 0.094

Fv 0.10

Fo 8

β 0.95

Income Process Parameters: Estimated exogenously

ρz 0.9316

σz 0.0959

σx 0.2962

Estimated to match targeted moments

τ1 589.76

τ2 652.32

α 0.2654

σ 0.9453

ψ 2.3402

is high (EIS is low) and households prefer having durables early in life. Similarly, there

are a few ways to generate high assets at the end of life: 1) having high bequest motive,

ψ, 2) high patience, β or 3) low σ (high EIS) so households save more now in order to

have high consumption later.

Key moments that help pin down the adjustment costs and non-homothetic param-

eters are the frequency of adjustment of durables, durable spending, and car ownership

rates at different income and age levels. If the adjustment cost is high, frequency of

adjustment would be lower and durable spending would be higher. Meanwhile, the larger

the non-homotheticity parameters, the lower the car ownership rates.

Some parameters such as Fv, Fo and τ both influence the frequency of durable adjust-

ment. Therefore, I choose to fix the value of Fv and Fo while estimating the key parameter

τ to match durable spending and frequency of adjustment in the data. However, future

works that are interested in pinning down the dynamic of durable adjustment more pre-
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cisely may consider an indirect inference that focuses on the dynamic of the durable

adjustment, see Berger et al. (2018), as an alternative to pin down the adjustment cost

parameters.

Parameters are estimated using GMM to match model-generated moments to data

moments. Targeted moments include 1) car ownership rates, 2) frequency of adjustment,

3) probability of adjustment, 4) assets, 5) non-durable spending, and 6) durable spend-

ing. Targeted moments by cohort and income levels are reported in Table A.4 and A.3.

Durable spending is chosen over durable stock to be one of the matching moments due to

the fact that durable stock is a model-generated value that is contingent on the assumed

value of the depreciation rate, δ. . Durable spending, on the other hand, is the value

that is taken directly from data and is also more relevant for the policy evaluation of

consumer spending.

For robustness, data moments with a sample size less than 30 are excluded, while

moments of the probability of adjustment, durable spending, and frequency of adjustment

with sample sizes of car owners less than 10 are excluded. Due to the calculation of

frequency of adjustment, (the number of times of adjustment over the number of periods),

only the last three periods of the moments are used to allow the value of frequency of

adjustment to converge.

A household’s decision of owning a car over the life cycle is determined by three

main parameters: Fo, Fv, and τ . Fv will enter the first order condition and affect durable

spending proportionally for all values of durable spending, while Fo and τ will move

together to match the level of optimal durable spending. To pin down τ , I fixed Fo at 8

as a benchmark. Fractions of car owners in the sample are another key moment that pins

down τ , while household consumption and asset profiles over time pin down consumption

share, α, and curvature parameter, σ. The level of assets of households at an older age

helps pin down the terminal wealth parameter, ψ.

As mentioned above, the implied monotonically increasing trend in car ownership

rates over the life cycle imposes additional restrictions on model-generated moments.

Assuming one value of τ for all cohorts imposes an additional assumption that the pop-

ulation over different cohorts must have the same taste or preference for cars. However,

the cohort effect exists: young households might be more likely to own cars due to their
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lifestyle or out of necessity than older households despite having relatively low wealth or

income. To capture the cohort effects, I allow the non-homotheticity parameters to vary

by cohort: τ1 for the young cohort and τ2 for the middle-age and old cohort. The results

for τ and Fv varied by three cohorts are also included in the Appendix ??.

5 Results

5.1 Model Fit

Estimation results are reported in Table 3. As expected the non-homotheticity parameters

are lower for younger cohorts than the old cohorts, in line with data that car usages are

more prevalent among younger households. The parameter α, which is the share of

nondurable consumption in a standard Cobb-Douglas utility function, is equal to 0.26.

The value is smaller than the share of nondurable consumption in the data due to the

non-homotheticity specification. The parameter α moves with the parameter τ to scale

the size of non-durable consumption. The curvature parameter σ is estimated to be 0.95

and is robust to various specifications of Fv (Table 4).

Table 4: Robustness Check: Parameter Estimates with Varying Fv

Assumed Fv τ1 τ2 α σ ψ

0.05 383.62 386.29 0.3673 0.9592 3.9421

0.10 589.75 652.32 0.2654 0.9453 2.3402

0.15 538.01 558.88 0.2763 0.9559 3.0323

Figures 6 and A.13 compare model-generated moments to data moments. When

allowing for the terminal value parameters and cohort-specific parameters, both the asset

level and car ownership rates are matched fairly well throughout the life cycle for all

levels of income (Figure 6). The model-generated moments of durable spending and non-

durable spending also fit data moments reasonably well. The level of durable spending

on average is in line with the data but the timing of durable spending is not exact. The

probability of adjustment is matched well for most groups except for the young cohorts

for whom the model underestimates their probability to adjust.
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Figure 6: Targeted Moments: Assets and Fractions of Car Owners

5.2 Elasticity of Intertemporal Substitution

In a standard Cobb-Douglas utility function, EIS is equivalent to 1/σ. The estimated

σ given other parameters is around 0.95, yielding EIS of 1.05 in the standard model.

Closely-related studies (Berger et al., 2018; Fernandez-Villaverde and Krueger, 2011)

assume a middle range of commonly used value of σ to be 2, which implies a moderate

size of EIS at 0.5. However, Kaplan and Violante (2014) chose EIS (not estimated)

value of 2, reasoning that high EIS is consistent with theoretical and empirical evidence
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in recent asset pricing literature with promising approaches (Bansal et al., 2012; Barro,

2009), and GMM-based methods that have estimated EIS to be well above 1 (Hansen

et al., 2007).

Due to the income effects generated by the non-homothetic preferences, the ES and

EIS for households varies by income and wealth. Local ES, at a given wealth, influences

the size of household EIS. At a low level of wealth or income, durables are a luxury and

can be substituted by nondurables. Optimally, households must already be consuming a

sufficiently high level of nondurables before starting to consume durables. Furthermore,

adjustment costs in durables and credit constraints also create additional frictions in a

household’s durable adjustment that cause the adjustments to be infrequent. This makes

the aggregate durable spending procyclical with the aggregate shocks.

EIS calculated from the simulations is well above 1. Due to the rich features of

the model, the closed-form solution of EIS is not possible (Attanasio and Weber, 2010).

To illustrate heterogeneity in EIS generated from the model, I conducted simulations of

optimal consumption paths implied by the model when expected and unexpected changes

in the real interest rate are introduced. The simulation is initialized with the same initial

distribution explained in the Policy Experiments Section. Figure A.16 shows an average

consumption and saving path from the simulations when a permanent change of 0.5

percentage point increase in real interest rate is introduced. The paths compare the

average consumption and saving paths when there is no rate change to the paths with

expected and unexpected rate changes.

Households respond to the rate change differently depending on whether the rate

change is anticipated or unanticipated. When the rate change is anticipated, households

lower both non-durable and durable consumption many periods before the actual rate

change in order to accumulate assets in preparation for the rate change (Figure A.16).

After the rate change occurred, households increased durable spending while non-durable

consumption remained lower than the baseline.

When the rate change is unanticipated households are predicted to reduce non-

durable consumption and increase saving immediately after the change takes place. How-

ever, the effect on durable spending is delayed. The simulation shows no change in durable

spending in the first year of the unexpected rate change, possibly due to frictions from
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adjustment costs and credit constraints. However, the drop in durable spending is promi-

nent one year following the unexpected rate change and is predicted to resume at a level

higher than the baseline afterwards due to the rise in wealth from the rate hike (Figure

A.16).

EIS is heterogeneous at different age and income levels as shown by the change in

consumption following shocks in real interest rates (Table A.7). The simulation result

suggests that low-income and younger households have higher EIS than high income and

old households. They have the highest drop in consumption after the rate increase. This

is due to the fact that the low-income households are closer to credit constraints and

that young households have stronger precautionary saving motives. Young households

are also the group with the highest decline in durable spending one year following the

rate change.

On the other hand, old households in the top quintiles (3rd and 4th) and young and

middle-age households in the 5th quintile are found to have positive EIS, that is they

increase non-durable spending when the interest rate increases. This is likely because the

wealth effect from the rate hike is stronger than marginal utility of additional saving. In

other words, at high levels of wealth, marginal utility in the value function from additional

saving is smaller than the gain from marginal utility from current consumption.

Simulation results also suggest that overall EIS can be more negative in the second

year after the unexpected change. The delay is likely due to the frictions from adjustment

costs and credit constraints (Table A.7).

6 Policy Experiments

This section presents results of three policy experiments: 1) a consumption tax break, 2)

a durable tax break, and 3) an income tax break. First, a policy experiment to mimic

Thailand’s car tax rebate policy is conducted. The simulation is conducted based on

model parameters estimated targeting household data moments up to year 2010 prior to

the car tax policy. Then this section proceeds with two alternative policy experiments:

a tax break on non-durable goods, and a tax break on labor income.
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Table 5: Aggregate consumption growth given an unexpected and permanent change of

0.5 percent in real interest rate.

Years after the rate change Unexpected No change (1)-(2) EIS

change (1) (2)

t=0

Nondurable+Durable -0.069 -0.0319 -0.038 -3.98

Nondurable 0.0142 0.035 -0.0231 -3.98

Durable -0.167 -0.1677 0 0

t=1

Non-durable+Durable -0.318 -0.096 -0.222 -46.71

Non-durable 0.0521 0.0687 -0.0166 -3.489

Durable -0.507 -1.762 -1.594 -264.04

Consumption growth rate is calculated from lnCit/Cit−1

Aggregate EIS is calculated from ln(
∑
Cr=0.055

it∑
Cr=0.05

it
)/ ln(1+0.055

1+0.05
)

Note that changes in durable shown here only reflect durable spending only. If household

adjust their durable stock downward, this is not reflected in the EIS of durable calculated.

The economy is simulated from initial values of the household data in 2005. The

simulated economy consists of 100,000 individuals with initial values of income, assets,

and personal vehicle holdings in 2005 from Townsend Thai data. The initial values are

initialized for households age 26, 46 and 66 to represent the young (26 to 45), middle age

(46 to 65), and old (66 to 85) cohorts respectively (Table A.2.) Initial values of assets

and incomes are drawn from the 10th, 30th, 50th, 70th and 90th percentiles in the data.

The number of households are weighted according to the Thai population distribution in

2005 reported by Official Statistics Registration Systems, with 52 percent, 36 percent,

and 11 percent in the young, middle-age, and old cohorts respectively.

All the tax breaks in the simulations are introduced at t = 7, or equivalent to year

2011. The age-dependent deterministic components are the same as those estimated

from Townsend Thai data. However, to simulate household labor income to match the

aggregate economy more closely, the income year effect follows the trend of aggregate

Compensation of Employees: the aggregated pure labor income reported in National In-

come (NESDB, 2017). For simplicity I assume uniform tax rates of 25 percent, 7 percent,
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and 5 percent for durable goods, non-durable goods, and labor income respectively across

the economy.

6.1 Car Tax Rebates

A car tax rebate policy imposes a temporary, unanticipated, and favorable shocks on car

prices. To implement the policy experiment in the simulation, a tax break is introduced

unexpectedly and temporarily to last for two years. The simulation also mimics the policy

regulation of households having to return the tax rebate if they sell the claimed vehicles

before the end of five years of ownership. Simulated households face with an additional

proportional fixed cost of 20 percent of the purchasing price during the five years after a

purchase that was completed during the policy.

Furthermore, to mimic the policy that tax rebates are only eligible for new car

purchases, I imposed a rule to partially limit household purchases that benefit from the

tax break for purchases with a minimum value of 500 thousand THB during the policy.

This works well in mimicking the policy since most car purchases made during the policy

are on new cars.

The limitation of the model in this policy experiment is that it does not capture

the general equilibrium effect of the policy on car prices. As discussed in Policy Review,

used car prices plummeted by 20 percent immediately after the policy ended. Meanwhile,

prices of new cars declined slightly during the few years after the policy ended. The result

of this policy experiment should be interpreted as a pure partial equilibrium effect when

car prices in the period following the tax break are unaffected and anticipated to resume

to the previous level.

The model is initialized in 2005. Between year 2005 and 2009, Thai income notably

rose and the model predicted durable spending to increase dramatically (Figure 7), con-

sistent with the observed distribution in 2009 in Townsend data (Table A.5). In the

experiment, the tax break is imposed unexpectedly in 2011 and 2012, and the regular

rate of car excise tax is resumed afterwards.

The model predicts durable spending to increase by a total of approximately 150

percent during the policy shown by the aggregate outcome. The result is consistent with
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Figure 7: Policy Experiments: Car Tax Break in 2011-2012

the surge of new car sales during the policy (Figure A.1). However, the comparison of

model durable spending with new car sales and national account data should be made

with caution. New car sales and national account data only take into account household

spending on new car purchases but not spending in the secondary market, while the model

durable spending does not distinguish between the new and resale values. The simulation

result also suggests that the policy does not seem to cannibalize future household spending

on cars by much, approximately 6 percent lower than the baseline after the policy. Note

that these results do not contradict the empirical evidence of cannibalization of future

car sales presented earlier since the model’s durable spending also includes spending on

used cars.

The policy experiment shows that simulated households with a high propensity to

purchase a car during the policy are households that already own cars with high levels of

assets. These households make large purchases during the policy. Some households with

medium-level income and wealth also make a car purchase during the policy but they

account for a smaller portion. Lower income and poor households do not make a purchase

during the policy. Again, the result is driven by non-homothetic preference that most

households purchasing cars during the policy are those with higher assets or income.

The policy has unintended effects on dampening nondurable consumption. The
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simulation predicts a sizable reduction in nondurable consumption during the policy: 5

percent in the first year, approximately 1.5 percent lower in the following two years, and

0.8 percent and 0.2 percent lower in the fourth and fifth year (Table A.6). However,

the more persistent adverse impacts are on household assets. The simulation suggests as

much as a 7 to 8 percent decline in asset accumulation even after 2 to 3 years following

the policy. The model assets include household fixed assets as well as household business

and farm assets. The results strongly suggest a larger negative impact on the economy

by dampening household investment and essentially cannibalizing production growth in

other sectors. However, a general equilibrium model would be more apt to answer that

question. In the general equilibrium setting, a lower level firm assets would also lead to

lower investment, future production, and household wealth.

In conclusion, the model predicts that the car tax break contributes to additional

car purchases of approximately 60 to 80 percent annually during the policy. The adverse

effects on nondurable spending and asset levels are sizable. Future asset levels are pre-

dicted to be as much as 8 percent lower in at least the two years after the policy has

ended. The sizable impact is contributed to by the presence of large ES among wealthy

and high-income households and large EIS.

6.2 Consumption Tax Rebates

Similar policy experiments are conducted for a non-durable tax break and an income tax

break. The tax breaks are introduced unexpectedly and last for 2 years.

The experiment of the consumption tax break of 7 percent was introduced unex-

pectedly in place of the car tax experiment. Figure A.17 shows the aggregate responses

to the non-durable consumption tax break. The unexpected and temporary cut of the

consumption tax at 7 percent is predicted to lead to approximately an 8 percent increase

in non-durable consumption during the policy, and a small increase of approximately 1

percent in the following 3 years, even after the tax break already ended (Table A.6).

Asset levels were predicted to increase as much as 8 to 9 percent during the policy and

remained about 5 to 7 percent higher in the following 3 years after the tax break ended.

There is a slight negative impact on durable spending, approximately 1 percent lower

during and 2 years after the policy. However, durable spending with the consumption
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tax break is predicted to outgrow durable spending without the tax break in the third

year following the policy.

6.3 Income Tax Rebates

Another policy experiment is the income tax break of a flat rate of 5 percent, and the

break lasts for two years. In the experiment, the rebates are imposed ex-post and are

assumed to not affect future labor income. The effective tax rate is assumed to be 5

percent. Given the progressive tax rates in Thailand, only those that earn more than

200 thousand THB per year would have to pay income tax. According to the income

distribution, roughly only the top one quintile would have to pay income tax on the

income that they make exceeding the first 200 thousand THB. In fact, the assumption of

a 5 percent income tax rate is quite large for most people.

The experiment predicts that the income tax break increases both non-durable and

durable spending by 2 to 4 percent during the tax break and this increase in consumption

persists through the following years (Figure 8). Meanwhile, the assets are predicted to

be as much as 10 percent higher (Table A.6). The surge in assets after the income tax

break suggests that low income, low-asset households are likely to spend the additional

income from the tax break on improving their asset balance sheets.

Figure 8: Policy Experiment: Income Tax Break in 2011-2012
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6.4 Welfare Analysis

This section compares the welfare gains created by the fiscal stimuli explored in the above

sections. The welfare gains experienced by the simulated households are measured by the

outcomes of the value function. Comparisons are made for households by strata of age

and income levels. With the flat tax rates across incomes, the highest welfare gains are

among the high income group. However, the dynamics of welfare gains for each type of

rebate are different across income levels.

Car tax. Cars are modeled to be luxury goods; only those with a high income will

economically have access to the rebate. Welfare gains from the car tax rebate program

among the high income are the largest while gains for those in the lowest quintile income

are negligible (Figure9a). This is because the boost from the drop in prices due to the tax

rebate is not large enough to push the car demand of the low income (bottom 60 percent)

over the threshold to purchase a car, given their wealth and income levels. Among the

high income (top 40 percent), middle-age households are predicted to be the most likely

to purchase vehicles and have the largest decline in assets, while young households will

have the second largest purchases and old households the least (Figure A.18b).

Consumption Tax. According to the policy experiment, households will allocate

most of the gain from consumption tax rebates towards either nondurable consumption

or saving. Meanwhile, the impact on car demand is negligible. Consumption among the

young households increased the most, while old households, both low and high income,

tended to allocate assets towards saving more (Figure A.18a). The welfare gains generated

by consumption tax rebates increase the most among the high income given that they

consume more and the rebates are proportionally more. Moreover, welfare gains from

consumption tax rebates are also more persistent than from the car tax rebate. This is

because households also allocate some of the rebates towards saving, which yields higher

return on future consumption. However, while the welfare gain is more persistent, the

effectiveness in stimulating the short-term economy is inferior to the car tax rebate policy.

Income Tax. The welfare gains from income tax rebates are the most persistent

among the three types of tax rebates. Unlike the two aforementioned rebates, an income

tax rebate only operates through the income channel. Consumption and car tax rebates

also achieve the stimulating effect on the short-term spending via the substitution effects
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Figure 9: Welfare gains by income level

(a) percent changes in welfare by income quintiles

(b) percent changes in welfare by income quintiles

(c) percent changes in welfare by income quintiles
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through the price channel. While the welfare gain is quite large, this program has the

least stimulating effect on spending for both the high and low income groups (Figure

A.18c). Given that the tax return is proportional across the board and there is no cap

on the return, the welfare gain is highest among the high income group.

If the policy goal is to achieve the most bang for the buck in term of short-term

stimulus, then the policy will perform best by targeting the high income, high wealth

group. Those with the highest wealth will also be likely to spend the most, while those

in debt will be more likely to spend rebates to repay their debt. However, if the goal is to

achieve more equitable welfare distribution or to aim at those more in need, the rebate

needs to be targeted towards the low income rather than giving out the rebates laissez

faire according to existing tax rates. According to the policy experiment, even if the tax

rates are the same across income levels, the high income will still benefit the most.

7 Conclusions

This study explores the role of luxury durable goods that carry adjustment costs on

household consumption responses to income or price shocks when households have in-

complete income insurance and credit constraints. The model choice is motivated by two

prominent observed natures of car demand: 1) cars are luxury goods and 2) aggregate car

demand moves with the business cycle but with greater volatility. To link the theoretical

model with data, the estimations focus on pinning down model parameters that govern

household intertemporal consumption and saving decisions.

This study also contributes to the EIS literature. First, it quantitatively demon-

strates the implication of non-homothetic preference and adjustment costs of durable

goods on heterogeneity of EIS. Second, the model provides theoretical backgrounds to

empirical findings that often find wealthy households to have higher EIS. Last, it pro-

vides estimates of relevant parameters to EIS of Thai households by matching model

parameters to household-level panel data.

Once model parameters were estimated to match Thai household panel data I con-

ducted policy experiments on various fiscal stimuli—including the car tax rebate, con-

sumption tax rebate, and the income tax rebate—given the estimated set of parameters.
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Estimations showed that Thai households have high EIS, hence large responses to the

car tax rebate program. Due to the large EIS, the car tax rebate program significantly

shifted household future car demand forward and also lowered household future consump-

tion and saving. Policy experiments showed that alternative forms of tax breaks, namely

consumption and income tax breaks, will have less short-term boosting power, less can-

nibalization impacts on future consumption and savings, and more welfare gains for the

low income.

Besides high EIS, the main workhorses behind the boosting power of the car tax re-

bate in the model are 1) the adjustment friction and 2) non-homotheticity in the car pref-

erence. The adjustment frictions create procyclical aggregate durable spending. When

there are large enough positive shocks, households will spend a large amount on durables

to avoid frequent adjustments which carry transaction costs. Second, due to the fact

that cars are luxury goods, only those with sufficiently high wealth will participate. This

creates large consumption responses as the high wealth households generally have high

propensity to spend. In particular, if the rebate eligibility requires spending, either on

nondurables or durables, the high income will be more likely to participate as they have

disposable income to do so.

In the light of recent massive economic disruptions due to the COVID-19 pandemic,

social protection programs—such as cash transfer programs, consumption or income tax

exemption, in-kind or service transfers, and debt relief measures—have become increas-

ingly important and popular tools utilized by governments around the world to alleviate

economic downturns. Rather than merely being stimulus, these policies are social safety

nets designed to help those without appropriate income insurance when facing substantial

and persistent income shocks during the crisis.

The proposed model in this study can also make policy predictions for various forms

of government relief packages regarding welfare gains and household consumption and

saving responses—both on the aggregate and distribution of the outcomes. For instance,

the model can make predictions for a universal basic income where the crisis may affect

household persistent and transitory income shocks while a universal basic income affects

household permanent income or persistent shocks for an expected period of time. The

impact of debt relief programs can also be evaluated via the credit constraint channel.

Another use of the model would be to provide consumption and saving predictions and
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responses to relief packages given different expected aggregate income or growth rates.
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A Appendix

A.1 Macro View

A.2 Vehicle Production and Sales

As many as 1.1 million personal vehicles were purchased and reimbursed in Thailand’s

car tax rebate program. Thailand’s total annual new car sales in 2012 and 2013 were

1.4 million and 1.3 million in comparison to 800 thousand and 795 thousand in 2010,

and 2011 (Figure A.1)—an addition of approximately 600 thousand and 500 thousand in

2012 and 2013 from 2011. Both pick-up and and passenger car sales surged by about the

same amount during the scheme (Figure A.1). Most of the surge in car sales was likely a

result of the car tax rebate program rather than other positive confounding factors given

that the macroeconomic conditions were experiencing a downturn.

Figure A.1: Annual new car sales in Thailand in 2000-2015

Source: The Thai Automotive Industry Association (TAIA)

Car production data shows that the surge in car purchases during the policy can-

nibalized future new car sales, and the policy led to bear markets for both eligible and

non-eligible vehicles following the policy. The production of eligible vehicles was signif-
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icantly higher, confirming that most of the surge in car purchases was the result of the

policy (Figure A.2). Total non-eligible automobile production steadily increased up to

2012, and dropped in year 2013, and 2014. The number seemed to recover in 2015 but

not to the level it was at before the policy. Meanwhile, the production of eligible vehi-

cles surged during the policy, and dropped dramatically afterwards. There was also a

downward trend in both eligible and non-eligible car production following the policy.

Figure A.2: Domestic car production by eligibility to the car tax rebate in Thailand

Source: The Thai Automotive Industry Association (TAIA)
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Figure A.3: Personal vehicle price indexes

Source: The Bank of Thailand; Bureau of Trade and Economic Indices; Author’s calculation

from Townsend’s Thai Data: Urban and Rural Resurvey

Figure A.4: Growth of Thailand’s GDE and PCE: a closer look

Source: Office of the National Economic and Social Development Board (NESDB)
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A.3 Computation

To compute the policy function and value function, I solved the model backwards from

the terminal period. The state space for durable goods and assets is discretized to 30

grids each: a1, a2, ..., a30 × d1, d2, ...d30. The value of the maximum and minimum grids

in each period of the life cycle is based on the range of asset and durable holdings at

each age from Townsend Thai data. The permanent shocks are also discretized into 9

states using the Tauchen method. The policy function is then evaluated at each state

variable on the grids, although the solutions are not restricted to the same grids. Due

to the highly discontinuous nature of the value function, I solve the dynamic problem by

using a brute-force grid search. Details on the steps to solve the model are as follows:

1. The terminal period assets are constrained to be non-negative. The last period

solution is solved given the terminal period function of wealth.

2. Given the state variables, the non-adjust problem in period 60 is solved by search-

ing over next period asset values. First, the cash on hand available, given that the

household will not adjust durable level, is computed. The cash on hand is then

discretized into fine grids and the solutions are searched over the grids. Nondurable

consumption is computed according to a per-period budget constraint and is con-

strained to a nonzero value. The grid representing the next period’s asset levels is

constructed so that nondurable consumption is nonzero. If the implied consump-

tion is negative given the cash on hand, a big negative value is assigned to the value

function. A larger negative value is assigned to a more negative asset. The solution

is the grid that yields the highest value.

3. A similar procedure is followed for the adjust case. However, now there are two

variables to search over: the levels of adjusted durable goods and the levels of assets.

To solve for the adjust case the cash on hand, given that existing durable goods are

sold, is calculated. The cash on hand then is discretized into fine grids to search

over the next period asset level. For each grid of the next period asset level, a set of

fine grids of possible adjusted durables is constructed, given that consumption level

must be positive. The level of consumption is computed by the per-period budget

constraint. The solution is the grid that yields the highest value.
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4. For each set of state variables, the value functions between the two cases are com-

pared to decide whether households will adjust the durable levels. Value function

for t = 60 is stored.

5. Solve the model for t = 59, following the same procedure. The new set of grids

of state variables are calculated according to data. The values of continued value

function over the fine grids that are searched are calculated using linear interpola-

tion.

6. Repeat the process for t = 58, ..., 1 following the same procedure.

Extrapolation: To allow for solution in t to fall outside the maximum value of the

already specified grids in t + 1, extra grids with very large values of asset and durable

levels are added and solved for to allow for the solution in t + 1 to be extrapolated.

Solutions that fall outside the grids specified for period t + 1 are estimated by using

linear interpolation to the value at the extra grids.

The algorithm is vectorized to maximize computation efficiency. The total time to

solve the model for one set of parameters is approximately five minutes using Matlab.

To estimate model parameters, the program is set up for parallel computing to search

over parameters. The program uses Matlab software over supercomputing facility (HPC)

provided by Research Computing, Arizona State University. It takes approximately 2

days to estimate one set of parameters.

A.4 Survey of Computation Methods

This appendix offers a survey of model solution computation techniques from relevant

studies. This includes Fernandez-Villaverde and Krueger (2011), Kaplan and Violante

(2014), Berger and Vavra (2015), Berger et al. (2018), and Druedahl and Jørgensen (2017).

These papers consider a class of household consumption and saving models with two

assets: liquid and illiquid. Transaction costs in accessing or adjusting the illiquid account

are present. Two-asset models are shown to match household consumption decisions

significantly better than the standard one-asset model. This class of model, however,

is computationally expensive to solve and the fact that these models only appear later
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in the literature is owing to computational advances. Computational techniques used in

relevant studies to solve their models are briefly summarized in the table below.
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Table A.1: Review of Computation Methods of Dynamic Models with Two Assets and

Adjustment Costs

Author Within-Period Solution Value function

calculation

Fernandez-Villaverde and

Krueger (2011)

Search on grid of durables,

and perform

Quasi-Newton search on

asset holding conditional

on durable. If close to

borrowing constraints, use

bisection method.

Approximation: Linear or

bilinear interpolation

Kaplan and Violante

(2014)

Convert solution into

indirect utility form, and

derive FOCs and

Envelope’s conditions to

solve for Euler’s equation.

Solve problem in two

stages: 1) total

expenditure for each

period, and 2)

within-period nondurables

vs. service flow of durables

Direct calculation using

Envelope’s conditions and

other FOCs.

Berger and Vavra (2015)

and Berger et al. (2018)

Search two-dimensional

solution using

Nelder-Meade algorithm,

starting from 3 different

values to prevent finding

local maximum

Approximation with

multi-linear functions in

continuous idiosyncratic

states and one continuous

aggregate state.

Druedahl and Jørgensen

(2017)

Endogenous grid method Direct calculation:

Envelope’s conditions.
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A.5 Model Solutions

Figure A.5: A Level Set of Policy Function at Different Ages Given A = 200 and z = 0
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Figure A.6: Comparative Statics for τ : Average Life-Cycle Consumption, Assets, and

Durable Adjustment
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A.6 Thai Household Data

Figure A.7: Life-cycle Average Income by Cohort from Townsend Thai Data in 2005-2014

Figure A.8: Life-cycle Average Assets by Cohort from Townsend Thai Data in 2005-2014
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Figure A.9: Life-cycle Average Personal Vehicle Holdings by Cohort from Townsend Thai

Data in 2005-2014

Figure A.10: Life-cycle Average Non-durable Consumption by Cohort from Townsend

Thai Data in 2005-2014 (Monthly Value)
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Figure A.11: Life-cycle Average Probability of Adjustment by Age from Townsend Thai

Data in 2005-2014

Figure A.12: Average Non-durable Spending by Policy Participation From Townsend

Thai Data in 2005 to 2014
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Table A.2: Distribution of Thai Household Income and Assets in 2005

Percentile Young Middle Age Old

Income

10th 20.3742 21.2512 12.5640

30th 45.9021 49.9741 34.8406

50th 79.9840 82.0556 60.3843

70th 117.2353 135.2242 113.9034

90th 216.1224 252.5160 239.1180

Asset

10th -83.2559 -100.6770 -57.9023

30th -25.3541 -31.0156 -4.9154

50th -5.5769 -1.7940 23.0558

70th 27.6121 65.4760 151.1958

90th 410.2276 475.8174 798.6896

Personal Vehicles

10th 0 0 0

30th 0 0 0

50th 0 0 0

70th 0 0 0

90th 197.6870 256.1757 198.6870

Value in real term in year 2002 thousand THB

Source: Townsend Thai Data Annual Resurvey, 2005

A13



Table A.3: Thailand’s Car Ownership Rates in 2010 by Cohort and Income

Young Middle Age Old

(25-40) (41-60) 61+

Low Income 0.13 0.16 0.10

(1-3rd quintiles) (67) (475) (435)

High Income 0.44 0.49 0.53

(4-5th quintiles) (67) (475) (435)

Number of observations in parenthesis

Source: Townsend Thai Data Annual Resurvey, 2010

Table A.4: Thailand’s Household Assets in 2010 by Cohort and Income

Young Middle Age Old

(25-40) (41-60) 61+

Low Income 241 324 301

(1-3rd quintiles) (67) (475) (435)

High Income 410 530 738

(4-5th quintiles) (41) (405) (196)

Number of observations in parenthesis

Value in real term unit in year 2002 thousand THB

Source: Townsend Thai Data Annual Resurvey, 2010
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Table A.5: Distribution of Thai Household Income and Assets in 2009

Percentile Young Middle Age Old

Income

25th 58.99 57.13 34.32

50th 97.87 104.88 64.72

75th 149.70 183.74 130.54

95th 309.36 374.20 321.29

Asset

25th 6.61 16.89 21.82

50th 123.96 185.56 142.61

75th 426.49 508.06 479.03

95th 1226.08 1368.98 1616.31

Personal Vehicles

25th 0 0 0

50th 0 0 0

75th 56.55 71.71 0

95th 313.69 379.56 299.60

Value in real term in year 2002 thousand THB

Source: Townsend Thai Data Annual Resurvey, 2009
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A.7 Estimations

Figure A.13: Targeted Moments: Durable and Non-durable Spending
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Figure A.14: Targeted Moments: Frequency of Adjustment and Probability of Adjust-

ment
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Figure A.15: Non-targeted moments: Durable Stocks and Durable Spending to Income

Ratio
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A.8 Policy Experiments

Figure A.16: Policy Experiment with a Change in Asset Returns from 5 percent to 5.5

percent
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Figure A.17: Policy experiment: Non-durable Consumption Tax Break in 2011-2012
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Table A.6: Policy Experiments: Comparison of Aggregated Optimal Consumption and

Assets

Years after the policy introduction 0 1 2 3 4

Car Tax Break

Non-durable spending -0.0573 -0.0135 -0.0149 -0.0076 -0.0019

Durable spending 0.5794 0.8817 0.2308 -0.0646 -0.0592

Assets 0.0329 -0.0691 -0.0786 -0.0767 -0.0747

Nondurable Consumption Tax Break

Non-durable spending 0.0853 0.0821 0.0118 0.0099 0.0088

Durable spending 0.0140 -0.0139 -0.0115 -0.0033 0.0205

Assets 0.0869 0.0788 0.0699 0.0622 0.0557

Income Tax Break

Non-durable spending 0.0228 0.0207 0.0179 0.0151 0.0135

Durable spending 0.0385 0.0232 -0.0082 0.0575 0.0281

Assets 0.1007 0.1044 0.0920 0.0801 0.0712

Changes reported are calculated from ln(
∑
X taxbreak
it /

∑
Xnotaxbreak
it )
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Table A.7: Heterogeneity in Consumption Responses from a Simulation Given Unex-

pected Real Interest Rate Change of 0.5 percent

Income quintile 1 2 3 4 5

Years after the rate change

t=0 Non-durable consumption

Young -15.3838 -10.7006 -7.4673 -3.9251 0.0755

Middle Age -9.6155 -7.5859 -4.4405 -4.4971 2.8819

Old -2.1101 -2.0258 1.4505 3.7915 -2.1139

t=1

Non-durable consumption

Young -11.9989 -9.7911 -6.3606 -2.4030 -1.3866

Middle Age -8.5881 -6.7969 -3.2335 -1.7099 0.6227

Old -1.1840 -1.0907 1.0421 4.3409 -0.7523

Durable spending

Young NA NA -332.5354 -246.0743 -388.0935

Middle Age NA -90.4792 -179.2275 -177.5845 -222.9534

Old NA NA -163.0574 -88.2789 -61.3172

Non-durable + Durable spending

Young -23.4761 -19.2970 -29.5814 -50.7130 -104.6438

Middle Age -19.3670 -13.6164 -36.6854 -14.9088 -70.4760

Old -2.8300 -1.3115 1.6549 -21.9404 -1.4356

EIS is calculated from ln(
∑
Cr=0.055

it∑
Cr=0.05

it
)/ ln(1+0.055

1+0.05
)
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Figure A.18: Changes in Choice Variables by Income and Household Age

(a) Consumption Tax Rebate

(b) Car Tax Rebate

(c) Income Tax Rebate
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A.9 Robustness check

This section shows the results of alternative model specifications. First, allowing for an

additional non-homothetic parameter, τ , to vary by three cohorts: young, middle-age,

and old. Second, allowing for Fv to vary by three cohorts. Estimation results are reported

in Table A.8. The first row shows the parameters estimated from the specification in the

main text. The second row reports parameter values when allowing τ to vary by three

cohorts, and the last row when also allowing Fv to vary by three cohorts. The additional

τ in the second specification makes no improvement in matching both the targeted and

non-targeted moments (Figure A.19- A.22.)

Table A.8: Robustness Check: Parameter Estimates with Varying τ and Fv

τ1 τ2 τ3 α σ ψ Fv1 Fv2 Fv3

589.75 652.32 - 0.2654 0.9453 2.3402 - - -

735.27 957.34 897.12 0.2238 0.9433 1.5641 - - -

531.95 608.10 511.56 0.3734 0.2568 3.5516 0.0890 0.1314 0.1373

On the other hand, in the third specification when allowing Fv to vary, moment

matching improves but external validation suffers. Fv could vary by cohorts due to search

skills, opportunity costs, cognitive ability, access to technology, or psychic costs. When

allowing Fv to vary, the in-sample moments are matched better. However, the curvature

parameter σ are estimated to be approximately 0.29, much smaller than the first two

specifications. The fixed adjustment costs are estimated to be the lowest in the young

cohorts, equal to 0.089, and higher in the middle age and old cohorts, approximately

0.13. This makes sense intuitively that the young cohort has the lowest adjustment costs

given that they may have access to better technology or are more adept at using the

technology, hence the lower search costs and psychic costs.

Despite the improvement in moment matching, external validation by simulation to

mimic the whole economy results in too much savings, and very low vehicle ownership

rates prior to the policy. Simulated households are also too responsive to the price shocks

when the durable tax break was introduced. This could be due to the underestimation

of σ while concurrently estimating Fv. Therefore, I choose to fix the parameter Fv at

0.08 as in former specifications in order to pin down the curvature parameter, σ, which

A24



is the main parameter dictating household consumption smoothing and intertemporal

consumption decisions.

Figure A.19: Targeted Moments: Assets and Fractions of Car Owners
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Figure A.20: Targeted Moments: Durable and Non-durable Spending
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Figure A.21: Targeted Moments: Frequency of Adjustment and Probability of Adjust-

ment
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Figure A.22: Non-targeted moments: Durable Stocks and Durable Spending to Income

Ratio
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