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Abstract Government-driven mortgage guarantee programs (for example, loans insured through the Federal Housing Administration, the Department of Veterans Affairs, and the Rural Housing Service) aim to help financially disadvantaged households buy and own their houses. This study analyzes the macroeconomic and distributional effects of these government programs. We propose a quantitative model where households endogenously choose their mortgage types either with or without government guarantees. Households that take out mortgages with government guarantees pay an up-front insurance premium, while those that choose mortgages without government guarantees face borrowing limits. Our results show that a hypothetical decline in government subsidies for mortgage guarantee programs can improve aggregate household welfare mainly due to endogenous changes in mortgage interest rates and tax burdens rather than in housing prices. The welfare implications are different across households, depending on their financial status.
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1



Introduction



Owning a house has long been a symbol of the “American Dream”. For a long time, the US government has actively intervened in the housing market and has tried to increase the homeownership rate, especially among middle class households.1 One way of achieving such a goal has been the introduction of mortgage guarantee programs. Existing studies have focused on implicit government guarantees through government-sponsored enterprises (GSEs), such as Fannie Mae and Freddie Mac. Unlike prior research, this paper primarily analyzes explicit government-driven mortgage guarantee programs, such as those operated by the Federal Housing Administration (FHA), the Department of Veterans Affairs (VA), and the Rural Housing Service (RHS). These programs are quite different from the implicit government guarantees in terms of program purposes and operational details. In this study, we focus on the macroeconomic and distributional effects of these explicit government mortgage guarantee programs. Households with financial disadvantages (e.g., low- and middle-income households) are more likely to default on their mortgage debt, which makes financial intermediaries reluctant to issue mortgage loans to them.2 In turn, financially disadvantaged households are usually excluded from private mortgage markets. These households are the key target of government-driven mortgage guarantee programs. Typically, these programs require almost no down payment while collecting an up-front mortgage insurance premium. Otherwise, these financially disadvantaged households would not be able to obtain mortgage loans.3 That is, these programs encourage lenders to originate mortgages for low-income and low1



Franklin Roosevelt envisioned that “[facilitating] responsible homeownership for middle class families”



is an important mission for the US government. 2 This reluctance might be due to the potential risks that private financial intermediaries may face: limited ability to fully monitor and diversify idiosyncratic default risk, limited bank capital to insure against idiosyncratic risk, and limited bank risk management. 3 Each government mortgage guarantee program has its own special purpose and distinctive features. For example, FHA loan borrowers must pay an up-front mortgage insurance premium in exchange for allowing very small initial down payments. Households that take out either VA or RHS loans do not need to make minimum down payments. Since VA and RHS loans have special purposes to help those who have served
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asset households by reducing lenders’ risk and mitigating their losses. Thus, they provide insurance ex ante to households with idiosyncratic default risk and redistribute resources ex post to private lenders who assume the final losses incurred by household defaults. This is quite different from the implicit government bailout guarantees provided by GSEs. GSEs hold more than 50% of residential mortgages in the US and, thus, face significant aggregate risk if there are substantial fluctuations in housing prices. However, GSEs can still borrow at interest rates close to the US bond rate due to the possibility of a government bailout. Then, the question naturally arises of whether these explicit government-driven mortgage guarantee programs can make low-income and low-asset households better off. Furthermore, will these programs impact other households through general equilibrium effects on housing prices, mortgage interest rates, and tax rates? Is there room to improve aggregate household welfare? How are households’ optimal decisions affected? These questions remain unanswered in the extant literature. This paper quantitatively analyzes the macroeconomic effects of these explicit government-driven mortgage guarantee programs and tries to find answers to these questions. More specifically, we compare a benchmark economy that represents the pre-crisis US economy to a counterfactual economy where the government subsidy to mortgage guarantee programs is lower than the benchmark level. In this paper, we build a dynamic model with two types of mortgage contracts: governmentguaranteed mortgages and private mortgages. Each renter decides whether to buy a house with a (long-term) mortgage contract or to stay in a rental house. Once the household decides to buy a house using a mortgage contract, it chooses the mortgage type. If the household decides to take out a mortgage with a government guarantee, it must pay the up-front insurance premium, which is proportional to the loan principal, in exchange for avoiding borrowing limits. The household also has the option of taking out a private mortgage without paying in the US military or to build and improve rural communities, borrowers’ financial burden is minimal. However, the common purpose of these government programs is to promote homeownership among low- and moderate-income households. Households can also take out loans without government guarantees, or private mortgages. In contrast to mortgages with government guarantees, borrowers who take out standard private mortgages must make a certain fraction of a down payment.
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the insurance premium. However, there is a borrowing limit, or loan-to-value (LTV) ratio ceiling, when using a private mortgage. Depending on the income and assets, each household makes its optimal mortgage choice, taking into account the cost and benefit of taking each type of loan.4 Once a household becomes a homeowner, it has three options: repaying the mortgage as contracted, selling the house, or defaulting on the mortgage. The household makes an optimal decision depending on the realization of idiosyncratic income and moving shocks. Each homeowner might face a moving shock that forces them to leave the home. Then, after incurring the moving shock, the homeowner chooses whether to sell the house or default on the mortgage and become a renter again. Once a household defaults on the mortgage, it is excluded from the credit market and cannot buy a house for several periods as a default penalty. The financial intermediary understands each household’s behavior and sets the mortgage price competitively. That is, for each individual state, the mortgage interest rate is different, which reflects the default risk. When a household defaults on its mortgage, the financial intermediary repossesses the house and sells it in the market. During this process, the financial intermediary incurs some losses called foreclosure costs. The financial intermediary issues mortgages both with and without government guarantees. When it issues mortgages with government guarantees, the financial intermediary can mitigate losses through government subsidies financed by the mortgage insurance premium and taxes. This leads to a decrease in interest rates for mortgages with government guarantees. In contrast, final losses from private mortgage defaults are entirely assumed by the financial intermediary. Since the mortgage market is competitive, each financial intermediary is indifferent between issuing the two types of mortgages. We calibrate our model to match several data moments in the early 2000s. The bench4



Borrowers who take out private mortgages with very small down payments have to purchase private



mortgage insurance. For simplicity, we do not consider the private mortgage insurance market in this paper. Terms and rates of private mortgage insurance premiums vary depending on credit scores, percent of the loan insured, and fixed or variable interest rate contracts.
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mark steady state reflects the pre-crisis US economy quite well. Though we did not directly target them, the model can successfully match major mortgage-related moments, such as the LTV ratio, and financial characteristics of households that take out mortgages with and without government guarantees. Next, we examine how the change in government subsidies to mortgage guarantee programs affects households’ optimal decisions and welfare. As government subsidies decrease, the mortgage interest rate increases; this makes it difficult for households to take out loans with government guarantees. This leads to a decrease in housing demand and, subsequently, in house prices. An increase in the interest rate schedules of guaranteed mortgages makes marginal households take out private mortgages and that require them to make down payments. Since private mortgages have borrowing limits, the most highly indebted households are those who take out mortgages with government guarantees. Hence, the fraction of mortgages with government guarantees and mortgage default rates decrease in a low-subsidy economy. When the government decreases its subsidies, household ex-ante welfare increases slightly. However, the welfare implications are different depending on each household’s financial characteristics. In particular, households with very low incomes and assets and those with very high incomes and assets prefer an economy with low subsidies, mainly because of smaller tax burdens. Since households with very low incomes and assets are excluded from the mortgage market and stay in rental houses, they prefer an economy with a smaller tax burden. Similarly, since high-income and high-asset households tend to use private mortgages, they like to avoid the higher tax burden that subsidizes government-guaranteed mortgages. In contrast, households at the intermediate level of income and assets mainly use mortgages with government guarantees and like to stay in an economy with low mortgage interest rates (or a high-subsidy economy). Lastly, we perform some additional policy-related exercises based on our quantitative model. We examine the long-run effects of changes in LTV regulations, insurance premiums, housing (stock) supply, and housing preferences. Since households in our model endogenously
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choose one of two types of mortgages, our numerical exercises take into account some side effects that were not fully considered in the earlier literature.



1.1



Related Literature



This paper is closely related to Jeske et al. (2013), who evaluate the macroeconomic and distributional effects of mortgage guarantees provided by GSEs. The authors mainly compared an economy where every household is eligible to use the government guarantee program to an economy where the program does not exist. Next, they examined the optimal level of government (interest rate) subsidy. The research question that we want to answer is quite different from the one in their study. This paper mainly focuses on the distributional effects of those explicit government guarantee programs targeting poor households. GSEs, which are the main focus of Jeske et al. (2013), generally cover the majority of the US residential mortgage market in which the government provides guarantees implicitly. In terms of the model structure, each household in our model can endogenously choose its optimal mortgage contract. The mortgage term is a multi-period contract, while Jeske et al. (2013) used a single-period contract. Gete & Zecchetto (2016) examined the welfare and distributional implications of the removal of government guarantee programs (mortgages guaranteed by GSEs), modifying the model proposed by Jeske et al. (2013). Similar to our model structure, households in Gete & Zecchetto (2016) could endogenously choose their mortgage types. The main difference is that we focus on these explicit guarantee programs while they do not In addition, we introduce a set of rich and realistic elements to quantitatively account for the macroeconomic and distributional impacts of government programs: long-term contract, transaction cost, up-front insurance premium, which are not modelled in Gete & Zecchetto (2016). Since long-term mortgage debt, transaction costs, and endogenous default are important features of the US mortgage market, they will presumably influence households’ optimal decisions and possibly change the quantitative implications. Our quantitative exercises show that a decrease in government subsidies leads to an increase in aggregate household welfare
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ex-ante, which is consistent with the results in Jeske et al. (2013). In addition, the welfare implications are quite different depending on the households’ financial statuses, consistent with Gete & Zecchetto (2016). The main force that affects the change in welfare in our model is a reduction in the foreclosure cost, which is a deadweight loss, when the government decreases subsidies on the mortgage guarantee program. However, changes in rental prices and interest rates are driving channels that impact the change in welfare in Gete & Zecchetto (2016). Elenev et al. (2016) analyze how changes in the mortgage guarantee fees provided by GSEs affect aggregate welfare and macroeconomic statistics. Unlike our paper, there are four representative agents in their paper - denoted as borrower, risk taker, depositor, and government - differentiated by risk aversion and patience parameters. Since there is a representative borrower, they cannot analyze heterogeneity in financial status among households that decide to take out mortgages either with or without government guarantees. The model structure in this paper is closely related to Arslan et al. (2015), Campbell & Cocco (2015), Chatterjee & Eyigungor (2015), Corbae & Quintin (2015), Guler (2015), Hatchondo et al. (2015), Kim (2017), and Kim (2015).5 Unlike Chatterjee & Eyigungor (2015), our paper models that households can optimally choose their mortgage contract types. Also, the main research question of their paper is quite different from ours. Their paper mainly analyzed the driving force that triggered the foreclosure crisis during the global financial crisis. In contrast, we mainly focus on the role of (explicit) government guarantee programs in households’ optimal decisions and their welfare. The paper is organized as follows. In Section 2, we present empirical findings and show the heterogeneity of household financial characteristics and their mortgage choices. Section 3 introduces a quantitative model and Section 4 presents the benchmark calibration. In Section 5, we analyze the steady-state economy of our benchmark model. Subsequently, in Section 6, we examine the impact of changes in government subsidies on households’ optimal decisions and welfare. In Section 7, we perform additional policy-related exercises using our 5



Please see Davis & Van Nieuwerburgh (2015) for more details about the related literature.
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quantitative model. We conclude our paper in section 8.



2



Empirical Motivation



In this section, we use the Survey of Consumer Finances (SCF) to examine households’ mortgage choices and their financial characteristics. The SCF tells us whether the mortgage contract is insured by government (or federal) guarantee programs like the FHA or VA. However, we cannot know whether each mortgage is (implicitly) guaranteed by GSEs. Typically, the quality and performance of loans serviced by private financial institutions are better than those of (explicitly) guaranteed loans. Though mortgages guaranteed by GSEs comprise a large portion of the US mortgage market, this paper mainly analyzes explicit mortgage guarantee programs, which started several decades ago, to help financially disadvantaged households purchase and own their houses.6 The SCF shows that the proportion of mortgages guaranteed by government programs was around 20% of the total number of mortgages originated in the early 2000s (see Table 1). This ratio increased to over 30% in 2011-13. In terms of aggregate outstanding values, loans guaranteed by government programs were around 16% in the early 2000s; this percentage increased to 21% in 2011-13. Among mortgages guaranteed by the government program, around 83% of loans fall under the FHA program. The ratio of FHA loans to total outstanding mortgages with government guarantees in terms of outstanding value was around 82% in 2002-04 and 80% in 2011-13. Hence, most mortgages with government guarantees were loans under the FHA program. What is important to note is that there are no strict rules that prohibit households from taking out mortgages under the FHA program. That is, the FHA does not strictly specify particular credit scores, income, or asset limitations when issuing loans, though some households with very bad credit scores or very low incomes are not eligible to take out such 6



Before the financial crisis, several types of unconventional mortgages, such as jumbo loans, low/no down



payment loans, and teaser rate loans, appeared in the US mortgage market (Adelino et al. (2012) and Keys et al. (2013)). However, we do not take into account these unconventional mortgages in this paper.
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Table 1: Fraction of government-guaranteed mortgages



Origination year 2002-04



2011-13



(# federally guaranteed mortgages)/(# total mortgages)



19.9%



33.8%



($ federally guaranteed mortgages)/($ total mortgages)



15.8%



21.0%



(# FHA loans)/(# federally guaranteed mortgages)



82.5%



82.8%



($ FHA loans)/($ federally guaranteed mortgages)



81.5%



79.9%



Note: 2004 (2013) SCF is used to calculate mortgages originated in 2002-04 (2011-13).



Figure 1: Household income for government-guaranteed and non-government-guaranteed mortgage holders
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loans. Nonetheless, we observe that financially disadvantaged households usually take out mortgages with government guarantees, which accords with the government’s original purposes. 7



See the appendix for a description of the variables.
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Figure 1 compares the average income of households that take out mortgages with government guarantees to that of households without government guarantees.7 High-income households tend to take out mortgages without government guarantees. This pattern has consistently held over the last two decades. Even if we compare median household incomes, the pattern is the same. Similar to household income, households with higher net financial assets also tend to take out mortgages without government guarantees, as shown in Figure 2.8 Figure 2: Net financial assets for government-guaranteed and non-government-guaranteed mortgage holders
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The SCF surveys the main reasons why households choose mortgages with government guarantees. It is revealed that these households choose guaranteed mortgages mainly for financial reasons. As reported in Table 2, more than half of the households state that the 8



After the global financial crisis, the gap between incomes of households that take out mortgages with



and without government guarantees has been wider. It is similar to the gap between net financial assets. Though it is an interesting empirical finding, our paper mainly focuses on the fact that the incomes and net financial assets of households that take out mortgages with government guarantees are consistently lower
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reasons for choosing guaranteed mortgages are lower interest rates and small down payment burdens. As will be clear in the next section, our model captures these key features. Table 2: Reasons for using federally guaranteed mortgages



Origination year 2002-04



2011-13



(Low or reasonable) interest rate



26.6%



34.3%



Amount of down payment



23.6%



19.3%



No choice



21.2%



16.6%



Recommended



8.5%



11.0%



Easier to get credit



6.1%



6.6%



Source: 2004 and 2013 SCF



Households that acquire mortgages with government guarantees tend to have higher LTV ratios than those without government guarantees. The average and median LTV ratios of mortgages with government guarantees are consistently higher than those without government guarantees (see Figure 3). In addition, the fraction of highly mortgage-indebted households among those having mortgages with government guarantees is higher than that of households without government guarantees (see Figure 4). However, households that have mortgages with government guarantees are generally poorer and have smaller mortgage debt (in terms of values) than those that have mortgages without government guarantees (around 60% on average). In sum, households that take out mortgages with government guarantees tend to have than those of households without government guarantees. 9 Unfortunately, the SCF does not provide precise mortgage default information. According to the OCC Mortgage Metric Report, the percentage of mortgages that were current and performing at the end of the third quarter of 2015 was 93.9%. However, the same percentage for mortgages with government guarantees was 88.6%. We observe such a pattern right after the global financial crisis. At the end of 2008, the percentage of mortgages that were current and performing was 89.95%, while it was 84.1% for mortgages with government guarantees.
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Figure 3: Loan-to-value (LTV) ratios for government-guaranteed and non-government-guaranteed mortgage holders
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Figure 4: Fraction of highly mortgage-indebted (LTV>95%) households by mortgage type
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lower incomes and fewer net financial assets but larger mortgage debt burdens (or a high LTV ratio). Hence, it is highly probable that these households have higher default risk than those that take out mortgages without government guarantees.9 In the next section, we introduce a quantitative model that reflects the key features of the mortgage market and endogenously generates the empirical facts reported in this section.
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Quantitative Model



In order to understand how government guarantee programs affect housing choices, interest rates schedules, house and rental prices, and household welfare, we present an extended standard incomplete markets model (Aiyagari (1994) and Huggett (1993)). Specifically, the model structure presented in this section is an extension of the models in Chatterjee & Eyigungor (2015) and Jeske et al. (2013).



3.1



Environment



Time is discrete and infinite indexed by t = 0, 1, 2, .... There are four market participants: households, financial intermediaries, house developers, and the government. Households maximize their expected utility given by



E0



∞ X



β t u (ct , st )



t=0



where ct is consumption, and st ∈ {R, H} is an indicator function that is H if a household is a homeowner, and R if a household is a renter. The household’s utility is defined by



u (c, s) =



  



1−σ [c1−α hα R] 1−σ [c1−α ((1+ω)hH )α ]1−σ 1−σ



if a household is a renter (s = R)



 



if a household is a homeowner (s = H) 



where h ∈ {hR , hH } denotes the house size. A homeowner lives in a larger house than a renter, hH > hL .10 In addition, a homeowner enjoys the extra utility gained by living in 10



The data show that a household that owns a house lives in a larger house than a renter (Chatterjee
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her own house. This extra benefit ω can be interpreted as psychological utility from owning rather than renting a house, or a proxy for any pecuniary benefits associated with owning a house that are not modelled explicitly. Households can own at most one house. Each household is endowed with stochastic income streams e and makes saving decisions a with the risk-free rate of r. The log income process follows an AR(1) process. log(et+1 ) = (1 − ρ)log(e) + ρlog(et ) + εt where e is the median income, and εt ∼ i.i.dN (0, σε2 ). The aggregate housing supply is exogenously fixed, denoted by H. A house developer can transform an owner-occupied house into a rental house without any costs, and vice versa. Houses are divisible only by the house developer. Let p be the owner-occupied house price, and z be the periodic rental price. The owner-occupied house price per unit area is equal to the present value of rental house prices per unit area. z + z/(1 + r) + z/(1 + r)2 + ... p = hH hR



(1)



We implicitly assume that the discounted value of periodic rents is the rental house price. Since renters do not default in paying off their periodic rents, the house developer discounts the future rental price with the risk-free rate.11 When a household does not own a house, it can take out mortgage loans and buy a house, or stay in a rental house. The household also makes consumption and saving decisions, just as in a standard utility maximization problem. More specifically, when the household decides to stay in a rental house, it pays periodic rent z to the house developer. When the renter decides to buy a house, she pays house price p along with the transaction cost, which is the fraction χB of the house price. In addition, the home buyer can make a mortgage contract with a financial intermediary. & Eyigungor (2015)). In addition, Corbae & Quintin (2015) modelled that a renter lives in a small house, while a homeowner lives in a large house. 11 This model structure makes the house price correlated with the rent price. Even though the rent price index is not perfectly correlated with the house price index in data, both indexes have increasing patterns
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Let us introduce how mortgage contracts work in the model. When a household decides to buy a house at time t, it can take out mortgage loans. Then, the household takes out mortgages x with a price of q. That is, the total amount of outstanding mortgage is given by xq. (The loan price of q will be specified later.) Then, the household repays x at time t + 1, δx at time t + 2, δ 2 x at time t + 3, δ 3 x at time t + 4, and so on, where δ ∈ (0, 1). That is, the repayment stream is given by {x, δx, δ 2 x, δ 3 x, ...} and the periodic repayment decreases geometrically. The parameter δ represents the mortgage contract length. In other words, we can interpret that the mortgage contract terminates at time t + 1 with a probability of (1 − δ). Similarly, the mortgage contract terminates at time t + 2 with a probability of δ (1 − δ), and so on. Then, we can calculate the expected contract length as 1/(1 − δ).12 When a household owns a house with a mortgage, it decides whether to repay the mortgage as contracted, sell the house, or default on the mortgage. Every homeowner can possibly face a moving shock with a probability of µ. Once a household receives a moving shock, it must choose either selling the house or defaulting on the mortgage.13 When the household decides to sell its own home, it has to pay the remaining mortgage debt, as well as the transbefore the financial crisis which is our calibration target period. 12 The contract length is derived in the following way: Contract length ∞ X Pr (contract terminates at time t) · (t-1 period mortgage) = t=2



=



Pr (contract terminates at time 2) · 1 + Pr (contract terminates at time 3) · 2 + ...



(1 − δ) · 1 + δ (1 − δ) · 2 + δ 2 (1 − δ) · 3 + δ 3 (1 − δ) · 4 + ... 1 = 1−δ



=



13



We model that the moving shock is exogenously given. However, in reality, local housing and labor



markets are closely related (Blanchflower & Oswald (2013)). Hence, the moving shock might be correlated with the income process. However, we conjecture that even if we assume that the income and moving shock processes are correlated, the qualitative and quantitative results would not change much. In addition, by having a moving shock, we do not need to introduce other types of shocks that generate mortgage defaults in the steady state, such as housing price depreciation (Chatterjee & Eyigungor (2015) and Jeske et al. (2013)), or optimistic beliefs in the housing market (Foote et al. (2012)).
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action cost, which is a fraction χS of the house price. The remaining mortgage is the sum of the discounted value of the future periodic burden, x+xδ/(1+r)+x(δ/(1+r))2 +....14 When a household defaults on its mortgage debt after receiving bad income shocks, the defaulting household is excluded from mortgage markets as a default penalty. However, the household can re-access the mortgage market with probability γ. In this model, there are two types of mortgage contracts: mortgages with and without government guarantees. The main difference between these two types of mortgages is the existence of subsidies to the financial intermediary when a household defaults on its loan. When a household faces a bad income shock and cannot repay its mortgage, it can default on its loan. Then, the financial intermediary takes the house, which is the collateral, and resells it in the market. That process incurs foreclosure costs, which are a fraction χD of the house price. When a household that takes out a loan without government guarantees defaults on its loan, the financial intermediary recovers the fraction 1−χD of the house price. On the contrary, when a household takes out loans with government guarantees and decides to default, the financial intermediary can recover fraction 1 − χD + g of the house price. The term g is the subsidy from the government under the mortgage guarantee program. If a household decides to take out a mortgage without government guarantees, it can take out a loan up to the fraction Θ of the house price. That is, Θ can be interpreted as LTV regulation. On the other hand, if the household wants to take out a mortgage with government guarantees, it must pay an up-front mortgage insurance premium, which is the fraction ϕ of the outstanding loan. However, the household does not face the LTV 14



Since households have an option to default, the mortgage interest rate will be higher than or equal to



the risk-free rate. When calculating the remaining mortgage burden, the future cash flow discounted by the actual mortgage interest rate would be the exact total debt. However, if we discount the future cash flow with the actual mortgage interest rate, we need an additional state variable, which adds to the computational burden dramatically. By discounting the future cash flow with the lowest interest rate (or risk-free rate), the amount of debt that the home seller actually pays back is larger than the actual debt burden. However, since prepayment of the mortgage involves a penalty, such overpayment is not unreasonable. Chatterjee & Eyigungor (2015) also made such an assumption.
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regulation.15 Government-driven mortgage guarantee programs were initially aimed at helping poor households buy their own houses with relatively low interest rates. Instead of modelling mortgage guarantee programs, which are available only to low-income or low-asset households, we modelled that households can freely choose their mortgage types, following how the FHA program works. Under our benchmark calibration, our model shows that lowincome and low-asset households endogenously choose government-guaranteed loans, while those with high-income and high-assets take out mortgages without government guarantees, or private mortgages.



3.2



Household Optimization Problems



At the beginning of each period, there are two types of households in the economy: a renter and a homeowner. In this subsection, we introduce how each household makes its optimal decisions. Renter who is eligible to buy a house When a renter is eligible to buy a house, she decides whether to remain a renter (VRR ) or become a homeowner (VRH ), depending on which choices deliver a larger value. (Note that a renter may not be eligible to buy a house when she has defaulted on her mortgage and has a bad credit record.)



VR (a, e) = max {VRR (a, e) , VRH (a, e)} 15



Though there are private mortgages without having exogenous LTV limits, such as jumbo loans, we



assume that financial intermediaries voluntarily manage risk in advance if they do not have guarantees from the government. However, financial intermediaries do not seriously care about the mortgage default risk controlling the LTV limit if the government guarantees the bailout.
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where VRR (a, e) is defined by VRR (a, e) = max u (c, R) + βEe0 |e VR (a0 , e0 ) 0 a



s.t. c + a0 + z = (1 + r) a + e (1 − τ ) c ≥ 0, a0 ≥ 0. A household with asset a and income e optimally chooses consumption c and savings a0 . We do not allow borrowing except for mortgage loans (i.e., a0 ≥ 0). τ is the proportional income tax rate to subsidize the government-driven mortgage guarantee program, which will be specified later. If the renter decides to buy a house, she has the option of taking out a mortgage either with or without government guarantees. Let q G be the mortgage price with government guarantees, and q N G be the non-government-guaranteed mortgage price. The value for buying a house VRH (a, e) is defined by   VRH (a, e) = max{VRH a, e; q G , VRH a, e; q N G } When the home buyer decides to take out a mortgage with government guarantees, the  value VRH a, e; q G is defined by: 



VRH



      a, e; q G = max u (c, H) + β  a0 ,x0    



   V (a0 , e0 , x0 ) ,  HS µEe0 |e max   V (a0 , e0 ) D   VHP (a0 , e0 , x0 ) ,   + (1 − µ) Ee0 |e max VHS (a0 , e0 , x0 ) ,     V (a0 , e0 ) D



s.t. c + a0 + (1 + χB ) p = (1 + r) a + e (1 − τ ) + (1 − ϕ)q G (a0 , e, x0 ) x0 c ≥ 0, a0 ≥ 0, x0 ≥ 0. 19







        



         



where VHS is the value of selling a house, VD is the value of defaulting on a mortgage, and VHP is the value of repaying a mortgage. When a household receives a moving shock with probability µ, it must vacate its owner-occupied house either by selling it or defaulting on the mortgage. The mortgage price q G (·) is endogenously determined from the financial intermediaries’ problem presented in the next section. The home buyer with taking out mortgages with government guarantees has to pay the up-front insurance premium which is the fraction ϕ of outstanding loan.16 Each household solves its optimal problem given mortgage price schedules. Similarly, when a household decides to buy a house with a private mortgage, it solves the following problem:







VRH



      a, e; q N G = max u (c, H) + β  a0 ,x0    



   V (a0 , e0 , x0 ) ,  HS µEe0 |e max   V (a0 , e0 ) D   V (a0 , e0 , x0 ) ,   HP + (1 − µ) Ee0 |e max VHS (a0 , e0 , x0 ) ,     V (a0 , e0 ) D







        



         



s.t. c + a0 + (1 + χB ) p = (1 + r) a + e (1 − τ ) + q N G (a0 , e, x0 ) x0 q N G (a0 , e, x0 ) x0 ≤ Θp, c ≥ 0, a0 ≥ 0, x0 ≥ 0. When a household takes out a private mortgage, it faces the LTV ceiling, denoted by Θ. Two points are worth noting here. First, the moving shock µ restricts households either to selling the house or defaulting on their debt. The main role of the moving shock is to generate defaults as in the data. This (and similar) modelling method is generally adopted 16



Since there are no borrowing limits, households that take out guaranteed loans can borrow money which



is larger than the housing value. Households that are not affordable to pay the insurance premium can roll
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in the literature. For example, Jeske et al. (2013) and Chatterjee & Eyigungor (2015) use a housing depreciation shock to generate defaults in the steady state. Kim (2015) and Kim (2017) model that the housing price stochastically changes, along with the moving shock, to match the steady-state default rate. Second, the household is allowed to purchase up to one house. And the home buyer must pay a transaction cost χB . We do not explicitly model who earns this fee. We instead assume that it is a pure cost to the economy. This purchasing fee, as well as the selling fee that will be specified below, can be interpreted as friction in the house transaction. Specifically, the cost forces a significant fraction of households to keep their houses and inhibits frequent house transactions, depending on the realization of idiosyncratic income shocks. Homeowner’s problem A homeowner decides whether to repay any remaining mortgage (VHP ), sell the house (VHS ), or default on its mortgage (VD ). Hence, the value for a homeowner VH (a, e, x) is given by:



VH (a, e, x) = max {VHP (a, e, x) , VHS (a, e, x) , VD (a, e)} When a household decides to repay its mortgage, it solves the following problem:      V (a0 , e0 , δx) ,  HS   µEe0 |e max       VD (a0 , e0 )        VHP (a, e, x) = max u (c, H) + β   VHP (a0 , e0 , δx) ,      a0         + (1 − µ) Ee0 |e max VHS (a0 , e0 , δx) ,           0 0 VD (a , e ) s.t. c + a0 + x = (1 + r) a + e (1 − τ ) a0 ≥ 0, c ≥ 0. the expense into the loan balance by taking out larger amounts of loan. 17 Chatterjee & Eyigungor (2015) take into account the realistic tax schemes where mortgage interest
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We simply assume that the income tax rate is the same for all households.17 When a household decides to sell a house and become a renter, it solves the following problem: VHS (a, e, x) = max u (c, R) + βEe0 |e VR (a0 , e0 ) 0 a



( c + a0 +



x+



δx + 1+r







δ 1+r



2



s.t. ) + z = (1 + r) a + e (1 − τ ) + (1 − χS ) p



x + ...



a0 ≥ 0, c ≥ 0, When the household sells a house, it has to pay back the remaining mortgage debt x + δx/(1 + r) + (δ/(1 + r))2 x + ... and become a renter. The value of the remaining debt is not necessarily smaller than the housing price net of transaction costs. If the cost of default is large enough, households with negative home equity may possibly choose to sell the house, rather than default. Defaulter’s problem When a household defaults on its mortgage, it solves the following problem: VD (a, e) = max u (c, R) + βEe0 |e [γVR (a0 , e0 ) + (1 − γ) VD (a0 , e0 )] 0 a



s.t. c + a0 + z = (1 + r) a + e (1 − τ ) a0 ≥ 0, c ≥ 0, A defaulted household can re-access the mortgage market with the probability of γ



3.3



Financial Intermediary’s Problem



All types of mortgages are originated by the financial intermediation sector. We model the financial market as competitive, and the risk-free interest rate is exogenously given. For sim-
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plicity, we assume that every mortgage is non-recourse, following Feldstein (2008).18 When a financial intermediary issues one unit of mortgage without government guarantees, its exante profit is always zero because of market competitiveness. After issuing mortgages of q N G (a0 , e, x0 ) x0 , the bank expects to receive a sequence of payments, contingent on households’ future choices of repayment, selling the house, or defaulting on debts. Since there is no information asymmetry in the model, the bank rationally forecasts households’ optimal decisions, and calculates its expected profit conditional on the realization of household states. Formally, the profit function is defined by:



π N G (a0 , e, x0 ) 



n µIm {Sell} x0 +



δ x0 1+r



+



2 δ 1+r



o x + ... 0



   +µIm {Def ault} (1 − χD ) p   1  NG 0 0 0 0 = −q (a , e, x ) x + Ee |e  + (1 − µ) Inm {P ay} x0 + q N G (a00 (a0 , e0 , x0 ) , e0 , δx0 ) δx0  1+r n o 2 0  δ δ  + (1 − µ) Inm {Sell} x0 + 1+r x0 + 1+r x + ...  + (1 − µ) Inm {Def ault} (1 − χD ) p = 0 When a household receives a moving shock µ, it sells the house if the value of selling is larger than the value of defaulting, VHS (a0 , e0 , x0 ) > VD (a0 , e0 ). Im {Sell} is an indicator function, which is 1 if the household decides to sell the house and 0 otherwise after receiving the moving shock. When the household decides to sell the house and repays the remaining 2 0 δ δ total debt, the bank will receive x0 + 1+r x0 + 1+r x + ... from the home seller. When the household decides to default (Im {Def ault} = 1), the bank forecloses and re-sells the house, payments are tax-deductible. Here we want to keep the model as simple as possible, and focus on how different mortgage types affect macroeconomic and distributional effects. 18 Contrary to Feldstein (2008), Ghent & Kudlyak (2011) categorize each state in the US as recourse and non-recourse. In addition, Kim (2015), Mitman (2016), and Gete & Zecchetto (2016) analyze how the introduction of recourse mortgages affects equilibrium statistics. If we introduce recourse mortgages, we can conjecture that the mortgage interest rate schedule will shift down, which possibly increases outstanding mortgages.
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and recovers its losses. Because of foreclosure and liquidation costs, the bank can recover only the fraction (1 − χD ) of the house price. When the household does not face a moving shock, it chooses either to repay the loan (Inm {P ay} = 1), to sell the house (Inm {Sell} = 1), or to default on its mortgage (Inm {Def ault} = 1). If the household honors its repayment schedule, it repays a periodic payment of x0 . The bank can also recover the continuation value of the mortgage contract given by the recursive formula q N G (a00 (a0 , e0 , x0 ) , e0 , δx0 ) δx0 . The function a00 (a0 , e0 , x0 ) is the saving policy of the homeowner who decides to repay her mortgage. When the household decides either to sell the house or to default on its loan, the expected cash inflow is the same as that for the scenario after the moving shock. When the financial intermediary issues mortgages with government guarantees, its expected profit function slightly changes. Since bank losses from household defaults can be partly recovered from government subsidies financed by both an insurance premium and taxes, the bank’s expected profit function can be written by



π G (a0 , e, x0 ) 



n µIm {Sell} x0 +



δ x0 1+r



+



2 δ 1+r



o x0 + ...



   +µIm {Def ault} (1 − χD + g) p   1  G 0 0 0 = −q (a , e, x ) x + Ee0 |e  + (1 − µ) Inm {P ay} x0 + q G (a00 (a0 , e0 , x0 ) , e0 , δx0 ) δx0  1+r n o 2 0  δ δ 0  + (1 − µ) Inm {Sell} x0 + 1+r x + 1+r x + ...  + (1 − µ) Inm {Def ault} (1 − χD + g) p = 0 where g is the amount of government subsidies when the household defaults on its guaranteed mortgage. Because of mortgage market competitiveness, the financial intermediary’s ex-ante profit is zero. For each state (a0 , e, x0 ), the mortgage bond price q j , where j ∈ {G, N G}, can be expressed by the mortgage interest rate rj . Suppose a household takes out one unit of a mortgage bond with a price of q j . Let rj be the yield that the financial intermediary can 24



          



earn if it holds the mortgage bond to maturity and the household does not default on its mortgage. Then, the financial intermediary would receive {1, δ, δ 2 , ...} discounted by the interest rate of rj . qj =



1 δ δ2 + + + ... 1 + rj (1 + rj )2 (1 + rj )3



Hence, the interest rate (or bond yield) can be written as rj = 1/q j + δ − 1.19 And the spread rj − r is the risk premium.20



3.4



Government Guarantee Programs: Funding and Payment



A government collects the income tax and insurance premium and subsidizes the financial intermediary’s losses if a household defaults on its mortgage with government guarantees.



Z



Z τ edF +



All households



G



0



0



0



Z



ϕq (a , e, x )x dF = HHs taking out GG mort



gpdF Defaulting hhs with GG mort



(2) where F is an invariant distribution over all households’ state variables. The RHS of (2) is the government’s subsidies to the financial intermediary when a guaranteed mortgage holder defaults on its loan. The financial intermediary’s losses are subsidized by the insurance premium and tax income, as shown in the LHS of the equation. If total government subsidies are larger than the entire insurance premium, households must pay taxes to make up for the losses of the government program (τ > 0). On the contrary, if total government subsidies are smaller than the entire insurance premium, the excess amount of the insurance premium is re-distributed to every household as transfers (τ < 0). 19



If a household takes out a mortgage with government guarantees, the mortgage interest rate reflects the



insurance premium. Hence, the interest rate is expressed by   1 1 δ δ2 qG = + + + ... 1 − ϕ 1 + rG (1 + rG )2 (1 + rG )3 20



Hatchondo et al. (2014) also used this technique.
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3.5



Equilibrium



A steady-state equilibrium consists of value functions, household optimal policy functions, mortgage loan prices, aggregate house supply, house price, periodic rental price, insurance premiums, tax rate, and an invariant distribution such that 1. Given mortgage price schedules q j with j ∈ {G, N G}, housing and rental prices, insurance premiums, and tax rate, each household solves its maximization problem. 2. Given households’ optimal policy functions, government subsidies, and housing and rental prices, the mortgage price schedule is determined by the financial intermediary’s zeroprofit condition. 3. The housing market clears. Z hH



Z dF + hR



Homeowner



dF = H Renter



4. The house developer has no arbitrage opportunity either by supplying owner-occupied or rental houses, as presented in (1). 5. The government-driven mortgage guarantee program is fully subsidized by insurance premiums and taxes, as presented in (2). 6. The stationary distribution F over household states is invariant.
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Calibration



We choose parameters to match the economy in the early 2000s, or the pre-crisis economy. By matching the pre-crisis economy, we can compare the quantitative fit of our model with other papers that also match moments in the early 2000s, such as Chatterjee & Eyigungor (2015), Jeske et al. (2013), and Corbae & Quintin (2015). A period in the model is one year. We set the annual risk-free interest rate as 4% (Chatterjee & Eyigungor (2015)). And the risk aversion parameter σ is set to 2, which is standard in the literature. The share of housing-related expenditure is around 15%. Hence, the parameter α is set at 0.15. The size of rental housing is normalized to one.
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Household income follows an AR(1) process.



Income process parameters (ρ, σε2 ) =



(0.99, 0.017) are taken from Storesletten et al. (2004). We normalize the median income to 1. The income process is discretized by five grid points, following Tauchen (1986). When a household decides to buy a house, it has to pay the transaction cost, which is the fraction χB of the house price. Following Gruber & Martin (2003), the transaction cost is set to 2.5% of the house price. Similarly, a home seller pays the transaction cost, which is 7% of the housing value (or χS = 0.07).21 When a household decides to default on its mortgage, the financial intermediary cannot recover the full housing value. Following Pennington-Cross (2006), we set the foreclosure cost at 22% of the housing value (or χD = 0.22). According to the SCF, the median mortgage contract length originated in the early 2000s is 30 years.22 In addition, mortgages with 30-year contracts are the most prevalent in the US mortgage market. Since 1/(1 − δ) captures the mortgage contract length, we set the value of δ to match the 30-year contract length. When a household chooses to default on its mortgage, it cannot access financial markets as a default penalty. However, the defaulter can re-access the market with probability γ. We set the average exclusion period at 6 years, following the US Chapter 7 bankruptcy law. When a household takes out a private mortgage, it faces the LTV ceiling, given by Θ. In reality, the household can avoid the LTV ceiling by purchasing private mortgage insurance, paying an insurance premium every month until reaching 20% of net house equity. For simplicity, we do not explicitly model private mortgage insurance. Instead, we model that the household can take out a large mortgage only by accessing the government program.23 A household that wants to take out a mortgage with government guarantees must pay an up-front insurance premium ϕ. Following the FHA insurance premium guidelines before 21



These transaction costs are the same for all home sellers and purchasers. The cost could be differentiated



if we had modelled the individual’s choices of searching, negotiating and purchasing processes, as in Chang (2010) and Head & Lloyd-Ellis (2012). 22 The average mortgage contract length originated in the early 2000s is around 24 years. 23 Corbae & Quintin (2015) also modelled that a household that wants to make a small down payment must pay at least 20% of the house value.
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Table 3: Calibration



Parameter



Description



Value



Target / Source



Non-target parameters r



Risk-free interest rate



0.04



Chatterjee & Eyigungor (2015)



σ



Risk aversion



2



Hatchondo et al. (2015)



α



Housing expenditure share



0.15



Chatterjee & Eyigungor (2015)



hR



Rental house size



1



Normalized to one



ρ



Persistence in income process



0.99



Storesletten et al. (2004)



σε2



Variance of income process



0.017



Storesletten et al. (2004)



e¯



Median income



1



Normalized to one



χB



Transaction cost - Buying



0.025



Gruber & Martin (2003)



χS



Transaction cost - Selling



0.07



Gruber & Martin (2003)



χD



Foreclosure cost



0.22



Pennington-Cross (2006)



δ



Mortgage contract length



0.967



30-year contract



γ



Default penalty



0.167



6 years of market exclusion



Θ



LTV ceiling



0.8



Corbae & Quintin (2015)



ϕ



Insurance premium



0.015



FHA



Target parameters β



Discount factor



0.942



Financial-asset-to-income ratio



µ



Moving shock



0.06



Foreclosure rate



hH



Owner-occupied house size



2.61



Payment-to-house price ratio



ω



Homeowner’s extra utility



1.6



Homeownership rate



p



Owner-occupied house price



3.3



House-price-to-income ratio



g



Subsidy to lender



0.23



Fraction of government guaranteed loans



24



Since the government guarantee program also includes VA and RHS loans, which do not require payment



of an insurance premium, our parameter value of ϕ is a little over-estimated. Nevertheless, the share of FHA program is dominant among government-guaranteed programs.
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the global financial crisis, we set the value of ϕ at 1.5% of the outstanding loan.24 Six free parameters remain: discount factor β, moving shock µ, owner-occupied house size hH , homeowner’s extra utility gain ω, house price p, and government subsidy g. We jointly match the following six moments, which are particularly relevant to our free parameters: the homeownership rate of 67.8% (2000-03 Census), the ratio of average financial asset to average income of 2.2 (average of 2001 and 2004 SCF), the mortgage foreclosure rate of 0.5% (Jeske et al. (2013)), the proportion of mortgages under government guarantee programs of 20% (2004 SCF), the ratio of average mortgage payment to house price of 0.05 (2004 SCF), and the ratio of house price to income of 2.8 (Corbae & Quintin (2015)).25 Once we determine all parameters, the tax rate τ is automatically pinned down, satisfying (2). Table 3 summarizes all model parameters and targets.26
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Analysis of Benchmark Economy



In this section, we present the quantitative results of our benchmark model. Table 4 compares data and model-generated moments. Through the calibration, we matched the homeownership rate, the financial-asset-to-income ratio, the foreclosure rate, the fraction of governmentguaranteed loans, the mortgage-payment-to-house-price ratio, and the house-price-to-income ratio. Though we did not directly target them, our model can match several mortgage-related moments. The average loan-to-value ratio originated in the early 2000s is around 64%, which 25



One can argue that the role of the owner-occupied house size hH and the homeowner’s extra utility gain



ω are similar in the model. It is widely known that many households in the US were eager to own their homes in early 2000s (Foote et al. (2012)). The parameter ω captures the fondness of owning a house. We will take into account the role of ω in Section 7. 26 When a household defaults on its guaranteed mortgages, the financial intermediary can recover the fraction (1 − χD − g) of the house price. In our calibration, the value of χD is 0.22 and g is 0.23. In turn, the financial intermediary can recover more than the house value when a household defaults. Households that take out guaranteed mortgages can possibly borrow funds which are larger than the house value (or roll the insurance premium in their loan balance). In case of defaults under this scenario, financial intermediaries’
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Table 4: Steady state Data



Benchmark



Homeownership rate



67.8%



67.2%



Financial-asset-to-income ratio



2.20



2.37



Foreclosure rate



0.5%



0.429%



Fraction of guaranteed mortgages



20%



20.59%



Mortgage-payment-to-house-price ratio



0.05



0.033



House-price-to-income ratio



2.8



2.8



Average loan-to-value ratio



64%



63.1%



Avg income of homeowner / Avg income of renter



2.02



2.32



Avg income having GG loans / Avg income having non-GG loans



0.62



0.72



Avg fin asset having GG loans / Avg fin asset having non-GG loans



0.29



0.12



Fraction of HHs with LTV>0.95: GG vs. private loans



19.8% vs. 3%



26% vs. 0%



Targeted statistics



Non-targeted statistics



is quite close to our model-generated number of 63.1%.27 Homeowner’s income is around twice that of renter’s in the early 2000s. Our model also generates a similar income ratio. Households that take out loans with government guarantees have lower income and net financial asset than those without government guarantees. Though we model that every household can freely access mortgages with and without government guarantees, low-income and low-asset households endogenously take out mortgages under the government program. The percentage of highly mortgage-indebted households largely consists of debtors with government guarantees. Our model also generates similar numbers consistent with the empirical facts. In sum, our model performs quite well in terms of matching targeted and non-targeted mortgage- and household finance-related moments. Now, let’s examine the underlying mechlosses are larger than the house value. Hence, our calibration results that the value of g is larger than the cost of foreclosure χD . 27 We sampled loans originated from 2001 to 2004, and calculated the LTV ratio.
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anism of our model by analyzing households’ optimal decisions and interest rate schedules.



5.1



Repayment, Default, and Selling Decisions



In this subsection, we analyze how households make their optimal repayment, selling, and default decisions. Each household makes such a decision after realizing its own idiosyncratic shocks, and compares three alternative options: VHP (a, e, x) , VHS (a, e, x) , VD (a, e). Figure 5 shows optimal discrete choices depending on their realized shocks and states.28 The x-axis represents the financial assets a, and the y-axis is the periodic payment x. The red solid line (blue dotted line) represents the threshold between default and repayment when household income is high (low).29 Households that have either low financial assets or high repayment burdens are more likely to default on their loans. In addition, households with high incomes are less likely to default on their loans, compared to low-income households. That is, the default region faced by low-income households is larger than that faced by high-income households. Since the income process is quite persistent in the model, households with low incomes are more likely to have low incomes in the next period, which leads to an increase in the possibility of default. Once a household receives a moving shock, it has two options: sell the house or default on the mortgage. Households that have either high financial assets or low mortgage payment burdens are more likely to sell the house, rather than default on their debts (see Figure 6). In addition, the selling region increases as household income increases. In our benchmark, it is rare for households to sell their homes voluntarily. That is, households do not sell their houses unless they have received a moving shock. Instead, households involuntarily sell their homes after receiving a moving shock. The main reason 28



Since we solved the model by using the grid search method, there (might) exists some bumpy points



because of sparse grid points and the nature of the problem with discrete choices. 29 Note that there are five income grid points. emax (emin ) represents the highest (lowest) income grid point among those five grid points. In our calibration, the average income is 1.2. And the value of emin is 0.4 and emax is 2.49.
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Figure 5: Repayment and default region
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is that selling a house incurs substantial transaction costs. If a household does not receive a moving shock, it has three alternative options: repayment, selling, and default. Only financially troubled households that cannot afford to repay their mortgages decide to default rather than to sell a house, avoiding the transaction costs and relieving their repayment burden. Conditional on receiving a moving shock, households’ available options decrease to two: selling and default. Since defaults incur substantial costs, the household that can afford to repay the loan principal decides to sell the house, though it has to pay the transaction costs. One thing to note is that these choices are only households’ optimal policy functions, and would not necessarily be realized in equilibrium. When households make their housing and mortgage choices, financial intermediaries take into account the possibility that highly indebted households are more likely to default on their loans. Therefore, the mortgage 32



Figure 6: Default and selling region



Choice of homeowners conditional on receiving moving shocks 0.5 emin



Mortgage Payments



emax



Default Region



0.45



0.4



0.35



0.3 Selling region



0.25



0.2



0



10



20



30



40



50



60



70



80



Financial Assets



price will endogenously reflect this possibility and households’ mortgage choices will also be affected in equilibrium. Under the benchmark steady state, households that decide to default on their mortgages tend to have low income and low financial assets, as presented in Table 5. In turn, the average periodic payment for defaulters is around 30% of their income, while that for all homeowners is around 10% of their income. Similarly, the total debt to income ratio for defaulters is 4.21, which contrasts with 1.32 for homeowners in general. Table 5: Financial characteristics of defaulters and homeowners



All homeowners



Defaulters



Average income



1.47



0.85



Average financial asset



4.70



0.57



Average debt-payment-to-income ratio 0.093



0.29



Average total debt-to-income ratio



4.21
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1.32



5.2



Mortgage Interest Rate Schedules



Households in our model can potentially default on their mortgage loans. In that case, the financial intermediary cannot fully recover the value of the house. Hence, the financial intermediary takes into account the possibility of household defaults, and levies a risk premium on mortgage interest rates. Figure 7 shows the mortgage interest rate schedules. The horizontal axis is financial assets. The top left (right) figure is the interest rate when households have low income with low (high) repayment burden. Similarly, the bottom left (right) figure is the interest rate when households have high income with low (high) repayment burden. As households have larger amounts of financial assets, the mortgage interest rate decreases. Also, as the periodic mortgage burden increases, the interest rate schedule shifts up. As the mortgage payment burden increases, the default probability increases, as presented in Figures 5 and 6, increasing the interest rate. In a similar vein, as household income increase, the interest rate schedule shifts down, reflecting lower default risk.
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Figure 7: Interest rate schedules
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When a household takes out small loans, there is no risk of default. Hence, the mortgage interest rate is given by the risk-free rate (see left figures). Since mortgages with government guarantees must pay an up-front insurance premium, the interest rate on guaranteed mortgages is higher than the risk-free rate. The more interesting scenario is the case where the household takes out large amounts of mortgage debt (see right figures). In this case, the default probability increases, leading to an increase in interest rates. When the mortgage is issued with a government guarantee, the financial intermediary’s losses from household defaults can be mitigated by government subsidies. Hence, the interest rate on guaranteed mortgages is lower than that of private mortgages. As household financial assets increase, the interest rate on mortgages with government guarantees becomes higher than that on mortgages without guarantees.
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Since high-asset households have low incentives to default, the interest rate on mortgages with government guarantees becomes higher than that on private mortgages, reflecting the insurance premium. One thing to note is that the interest rate schedules in Figure 7 are not the equilibrium interest rate paths. The interest rate schedules we present include both on and off the equilibrium interest rate schedule paths. Given interest rate schedules, households in equilibrium choose their optimal interest rates and borrowing and saving decisions. Roughly speaking, low-income and low-asset households are more likely to be positioned at some points of the top right figure, while high-income and high-asset households are likely to be in the bottom left figure.



5.3



Housing and Mortgage Choices



In this subsection, we analyze home entry margin and mortgage choices. Every renter with a good credit record chooses either to stay in a rental house (VRR ) or buy a house (VRH ). As reported in Figure 8, renters having either high income or high financial assets are more likely to buy a house, rather than stay in a rental house. Since households can get extra utility when they stay in owner-occupied houses, high-income or high-asset households are more likely to buy their own houses. Conditional on deciding to stay in an owner-occupied house, the household chooses whether to take out a mortgage with or without government guarantees. If the household decides to take out a mortgage with government guarantees, it must pay the mortgage insurance premium, which is the fraction ϕ of the loan principal. However, if the household takes out a private mortgage, it does not need to pay the insurance premium. Instead, it faces borrowing limits. Figure 9 shows the financial characteristics of new home buyers with government guaranteed mortgages (top) and private mortgages (bottom). As presented in the figure, households with low financial assets and low income tend to take out loans with government guarantees. Though households must pay an up-front insurance premium in exchange for the guarantees,
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Figure 8: Home purchase decisions
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they do not face the LTV ceiling under the government program. In contrast, households with high income and high assets tend to choose mortgages without government guarantees. Since they have enough income and assets to make at least a 20% down payment, they prefer to avoid the insurance premium required in the government-guaranteed mortgages. Table 6 confirms that home buyers with either high income or high financial assets tend to take out private mortgages under the benchmark steady state. The mortgage burden, in terms of payment-to-income and loan-to-value ratios, of households taking out guaranteed loans is higher than that of households taking out private mortgages. Households that choose to take out government-guaranteed mortgages tend to make almost no down payments (see the top of Figure 10). In turn, the average interest rate faced by those households is higher than the risk-free rate, which reflects default possibilities. Contrary to guaranteed mortgage 37



Figure 9: Optimal mortgage choices by household income and assets



holders, households with private mortgages must make at least a 20% down payment. This leads to a decrease in default risk, making the equilibrium interest rate close to the risk-free rate. Table 6: Financial characteristics of home buyers by mortgage choices



Government mortgage



Private mortgage



Average income



0.969



1.62



Average financial asset



0.608



7.44



Initial debt-payment-to-income ratio



0.261



0.103



Initial loan-to-value ratio



0.96



0.526
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Figure 10: Mortgage interest rates and LTV ratios by mortgage choices
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Analysis of Government Subsidies



In this section, we analyze how changes in government subsidies in mortgage guarantee programs affect households’ optimal decisions, household debt, housing price, and household welfare. In addition, we examine the optimal level of government subsidy that maximizes aggregate household welfare.



6.1



Long-term Effects of Changes in Government Subsidies



We compare the benchmark economy to counterfactual economies where the government subsidy g is lower than the benchmark level. A financial intermediary that issues mortgages with government guarantees can partly recover losses incurred by household defaults from government subsidies financed by both taxation and insurance premiums. In the benchmark,
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we calibrate that the financial intermediary can recover losses, which is 23% of the house value, through subsidies. We consider scenarios where the government subsidy g changes exogenously, while the insurance premium remains constant. Initially, we examine the case where the house price does not change even after the change in government subsidies. And then, we let house prices change by clearing the housing market. When we analyze both cases, we adjust the tax rate τ , clearing the government budget as in equation (2). Table 7 presents the results of the policy experiment. The first column reports our benchmark. The second and third columns present scenarios where the government subsidy g decreases by 10% with a fixed and endogenously determined housing price, respectively. We also consider an extreme scenario where the government subsidy decreases to zero in the fourth and fifth columns. Under this scenario, some households still have an incentive to take out a mortgage with government guarantees to avoid the LTV regulation of the private mortgage market in exchange for paying an insurance premium. As will be clear later, the house demand changes when the government subsidy decreases. Then, the house price should be adjusted to clear the housing market. By considering a scenario where the house price does not change, we can decompose the effect of changes in government subsidies on household decisions into the mortgage interest rate effect (originated by the change in subsidies) and the house price effect. When the level of government subsidy decreases, without changing the house price, mortgage interest rate schedules with government guarantees shift up, ceteris paribus. When the government decreases its subsidy, the financial intermediary’s (ex-ante) expected profit decreases. Since the financial intermediary’s profit at the time of loan origination is zero, the mortgage interest rate with decreased subsidies must increase to meet the zero profit condition. With higher mortgage interest rate schedules of guaranteed mortgages, households cannot easily access government-guaranteed mortgages. Only limited numbers of low-asset households that cannot afford to make a 20% down payment, while having enough income to start repayment as contracted, decide to take out mortgages with government guarantees. Some marginal households that can afford to make the minimum down payment through
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1.62 0.608 7.44 0.261 0.103 0.96 0.526



Average income of non-GG loan takers



Average financial asset of GG loan takers



Average financial asset of non-GG loan takers



Initial debt-payment-to-income ratio (GG)



Initial debt-payment-to-income ratio (Non-GG)



Initial loan-to-value ratio (GG)



Initial loan-to-value ratio (Non-GG)



2.32



Avg income of homeowner / Avg income of renter



0.969



63.1%



Average loan-to-value ratio



Average income of GG loan takers



0.033



Mortgage-payment-to-house-price ratio



0.12



20.59%



Fraction of guaranteed mortgages



Avg fin asset having GG loans / Avg fin asset having non-GG loans



0.429%



Foreclosure rate



0.72



2.37



Financial-asset-to-income ratio



Avg income having GG loans / Avg income having non-GG loans



3.3



House price (p)



Benchmark



Table 7: Analysis of government-guarantee programs



2.362



3.275



2.42



3.3



2.40



3.25



g=0



0.547



0.96



0.11



0.254



6.97



0.39



1.57



0.988



0.122



0.759



2.349



62.2%



0.0307



16.9%



0.558



0.96



0.11



0.248



7.16



0.36



1.56



1.001



0.109



0.75



2.34



62.3%



0.0302



16.6%



0.029



0.59



0.91



0.12



0.13



5.98



0.14



1.46



1.57



0.27



1.06



2.29



0.56



0.89



0.11



0.21



6.47



0.266



1.52



1.02



0.08



0.78



2.30



58.9% 59.4%



0.028



0.27% 9.72%



0.325% 0.312% 0.00% 0.00%



2.352



3.3



g ↓ 10%



their assets and that used to take out mortgages with government guarantees under the benchmark now switch to taking out private mortgages, taking advantage of relatively lower interest rates. Since the housing market is not cleared under a fixed house price, some low-income and low-asset households give up buying their houses. An increase in mortgage interest rate schedules with government guarantees leads to a decrease in the average amount of outstanding mortgages with government guarantees. Also, the proportion of households that take out mortgages with government guarantees significantly decreases. Some marginal households that used to take out mortgages with government guarantees under the benchmark now take out private mortgage. In turn, the average amount of outstanding private mortgages increases. Since households that take out private mortgages must make the minimum down payment, most mortgage defaults are incurred by those taking out government-guaranteed loans. In addition, an increase in the interest rate schedules of guaranteed mortgages rations credit to households that are highly likely to default. Hence, the mortgage foreclosure rate under the counterfactual scenario is lower than that under the benchmark. As the government subsidy decreases, two forces simultaneously influence housing demand and prices. When the government decreases its subsidy, the mortgage interest rate schedule shifts up. With higher interest rates, low-income and low-asset households cannot easily access the mortgage market and buy a house, leading to a decrease in housing demand and prices. On the other hand, households tend to take out small mortgages when interest rate schedules increase, which decreases default risk. In turn, the number of renters who would be evicted from their homes after defaulting decreases. In other words, the number of homeowners who keep their own homes increases. To clear the housing market, the owneroccupied housing price should increase to make it hard for additional renters to become homeowners voluntarily. In our computation exercise, the former effect dominates, leading to a decrease in housing demand and prices. A decrease in house prices helps marginal low-income and low-asset households that gave up on buying a house and remained renters become homeowners. Since these new home
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buyers tend to take out mortgages with government guarantees, thereby making only small down payments, the average income and assets of home buyers with guaranteed mortgages decrease. On the other hand, some marginal low-income and low-asset households that used to take out mortgages with government guarantees decide to stay in rental housing, taking advantage of lower periodic rents and increasing their financial assets. These two opposite forces affect the financial status of home buyers who take out government-guaranteed mortgages. On the flip side, a decrease in house prices makes it easier for households to make the minimum required down payment of private mortgages, switching their mortgage contract from guaranteed to private loans. This leads to a decrease in average income and assets of home buyers who take out private mortgages. On the other hand, some marginal low-asset and low-income households decide to switch their mortgage type from private to guaranteed loans, spreading out their repayment burdens and making small initial down payment, under decreased housing prices. These two opposite forces simultaneously affect the financial characteristics of home buyers who take out private mortgages. When the government decreases subsidies, the proportion of guaranteed mortgages decreases, leading to a decrease in the average loan-to-value ratio. In turn, the mortgage foreclosure rate decreases. When the subsidy decreases by 10% and to zero, total outstanding mortgages increase by 0.8% and decrease by 5.2%, respectively.30 Since marginal households switch their mortgage type from guaranteed to private loans, the average initial loan-to-value ratio for private mortgages increases. Though a decrease in the proportion of guaranteed mortgages and house prices leads to a decrease in outstanding mortgages, an increase in the average loan-to-value ratio for private mortgages partly offsets the former effect.



6.2



Welfare Analysis



Let’s consider how the change in the government subsidy affects household welfare. Applying Athreya et al. (2012), define the certainty equivalent consumption e c for each state ∆: 30



The multiplication of the initial loan-to-value ratio and housing price is the average outstanding mortgage



43



1−α [(1 + ωt ) ht ]α ∞ t ∞ t ct V (∆) = E0 Σt=0 β u(ct , st ) = E0 Σt=0 β 1−σ



1−σ =



1−σ c(∆)1−α s(∆)α ) ∞ t (e Σt=0 β



1−σ



where ωt is ω if the household owns its house, and zero otherwise. Similarly, ht is hH if the household owns its house, and hR if it stays in a rental house. Consider a new value function VN under a steady state with a different level of government subsidy. Given a benchmark steady-state economy, we ask each household how much it would be willing to give up (or pay) to move to a “new” subsidy economy. For each state ∆, let φ(∆) be the amount of subsidy that makes the household indifferent between staying in the benchmark economy and moving to the counterfactual economy.







iα 1−σ h ˆt cˆt1−α (1 + ω ˆt) h



t t VN (∆) = E0 Σ∞ ct , sˆt ) = E0 Σ∞ t=0 β u(ˆ t=0 β 1−σ  1−α α 1−σ c(∆)] s(∆) t [(1 + φ(∆)) e = Σ∞ = (1 + φ(∆))(1−α)(1−σ) V (∆) t=0 β 1−σ



where (ˆ ct , sˆt ) denote consumption and homeownership status under a different level of government subsidy. If φ(∆) is larger (less) than zero, a household in the state of ∆ is better (worse) off by moving from the benchmark steady state to the counterfactual economy. Then, consumption equivalent ex-ante welfare is defined by Z W =



φ(∆)dF Benchmark (∆)



∀∆



where F



Benchmark



is the invariant distribution under the benchmark.31



Table 8 reports welfare gains from the change in government subsidies. We consider a scenario where the government subsidy g maximizes aggregate household welfare. It turns out that when the government subsidy g decreases to one-tenth of the benchmark level, at the time of loan origination. 31 We compare the benchmark steady-state economy with the counter-factual steady-state economy, and
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welfare is maximized. Our analysis shows that a decrease in government subsidies increases aggregate welfare. Under the optimal level of subsidy, welfare increases 0.0373% in terms of lifetime consumption. Table 8: Welfare analysis



Subsidy



g=0.023 (optimal g)



Welfare change



0.0373%



Welfare change given a fixed house price



0.0371%



% of HHs that prefer the benchmark economy



42.0



Avg income that prefers the benchmark economy



0.82



Avg income that prefers the experiment economy



1.59



Avg asset that prefers the benchmark economy



1.50



Avg asset that prefers the experiment economy



5.48



Next, we decompose the change in welfare driven by either the change in house prices or the change in mortgage interest rate schedules. To do this, we calculate the change in welfare with a fixed house price of 3.3. It turns out that the welfare change is mostly driven by the change in mortgage interest rate schedules, rather than by the change in house prices. A decrease in government subsidies under a fixed house price increases household welfare by 0.0371%. The change in house price explains the remaining part of the welfare change (=0.0373 - 0.0371). The main source of improving aggregate household welfare is a reduction in deadweight losses. When the government decreases its subsidy, the mortgage foreclosure rate decreases. Since the foreclosure cost (χD ) is a deadweight loss in our model, a decrease in foreclosure leads to an increase in society’s welfare. Since every financial intermediary’s expected profit is zero, the entire benefits are accrued by households. In addition, we model that the calculate the ex-ante welfare change, as in Jeske et al. (2013).
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transaction cost of buying and selling a house is proportional to the house price, which is also a deadweight loss. Though a decrease in house price leads to a capital loss for homeowners, a decrease in transaction costs and rental price leads to an increase in aggregate welfare. Similarly, government guarantees make houses more affordable for (marginal) low-income and low-asset households, which leads to more home purchases and defaults. Though a decrease in subsidies makes it more difficult for those households to buy homes, thereby deteriorating their welfare, a decrease in transaction and foreclosure costs improves society’s welfare.32 The change in government subsidies affects household welfare heterogonously, depending on households’ financial status. Households with very low income and assets prefer to stay in an economy with low government subsidies. In addition, households that are rich in assets and income would also like to stay in a low subsidy economy (see the bottom of Figure 11). As the government subsidy decreases, the tax burden to subsidize the government program decreases. Since asset- and income-poor households do not have enough cash on hand to buy a house, they cannot take advantage of low interest rates that result from high subsidies. Instead, they would like to stay in an economy with low tax burdens and rental costs. In a similar vein, asset- and income-rich households do not use mortgages with government guarantees. Hence, they prefer an economy with a smaller tax burden. Households that are in the middle of the income and asset distribution would like to stay in an economy with high subsidies (see the top of Figure 11). These households have enough income and assets to buy their own houses, but cannot afford to make the minimum down payment to take out private mortgages. Hence, they would like to stay in an economy with 32



If we model that the transaction and foreclosure costs are accrued by some parties in our model, the



welfare implications might change. Since the risk-free rate is exogenously given and the rent price is correlated with the house price, our model cannot take into account welfare impacts originated from changes in either the interest rate (or saving rate) or the rent price. Though the source of welfare changes in this paper is different from previous literature, it is well known that the cost of foreclosure (χD ) which is not explicitly modelled in this paper is significant. For example, households that default on their loans incur stigma costs (Gross & Souleles (2002) and Livshits et al. (2010)). Furthermore, foreclosures can adversely impact academic performance of students living in foreclosed buildings (Been et al. (2011)).
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Figure 11: Financial characteristics of households that prefer either the benchmark or the lowsubsidy economy



low guaranteed mortgage interest rates (or a high-subsidy economy). Households that prefer an economy with low subsidies have higher average income and assets than those that prefer the benchmark economy. The income and asset distribution for households that prefer the counterfactual economy is highly dispersed, while the distribution for households that prefer the benchmark economy is relatively less dispersed. Hence, the average income and assets of the former group are higher than those of the latter group (see Table 8).
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Long-term Effects of Policy Changes



In this section, we analyze the long-term effects of changes in policy and preference parameters. First, we examine how changes in the LTV ceiling of private mortgages affect major household finance-related moments. Second, we consider an economy where the governmentdriven mortgage guarantee program does not exist. Third, we examine a case where the aggregate house supply changes. Lastly, we analyze how the change in house preference
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parameters affects long-run equilibrium.



7.1



Changes in LTV Regulation



In our benchmark, households that take out private mortgages face the borrowing limit, which is 80% of house prices. We consider scenarios where the borrowing limit (or LTV limit) is either relaxed to 90% or tightened to 70% (see the second and the third column in Table 9). When the LTV regulation is relaxed, households can take out private mortgages with smaller down payments. This leads to an increase in housing demand and house prices. Also, the outstanding mortgage principal and the annual payment burden of private mortgages increase. Since households’ initial down payment burden decreases under an increased LTV ceiling, marginal households that used to take out mortgages with government guarantees under the benchmark now become private mortgage users. Hence, the fraction of households that take out mortgages with government guarantees decreases. Since households that take out mortgages with government guarantees tend to take out large loans and make only small down payments (less than 10% of house value), most mortgage defaults are incurred by those who take out guaranteed mortgages. Hence, the mortgage foreclosure rate slightly decreases when the LTV ceiling is relaxed.33



7.2



Changes in Insurance Premium



We consider a scenario where the mortgage insurance premium is high enough that the government mortgage guarantee program is effectively eliminated. When a household wants to take out a mortgage with government guarantees, it must pay 100% of the mortgage principal as an insurance premium (see the fourth column in Table 9). This means that no one would take out such high-cost guaranteed mortgages. Instead, households that decide to buy houses take out private mortgages. Since private mortgages have strict LTV regulation, 33



This result contrasts with the results in Hatchondo et al. (2014). Since Hatchondo et al. (2014) consider



only one type of mortgage (or private mortgage), a relaxation in macro-prudential policies leads to an increase in the foreclosure rate.
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House price (p)



Homeownership rate



Financial-asset-to-income ratio



Foreclosure rate



Fraction of guaranteed mortgages



Mortgage payment-to-house-price ratio



Average loan-to-value ratio



Avg income of homeowner / Avg income of renter



Avg income having GG loans / Avg income having non-GG loans



Avg fin asset having GG loans / Avg fin asset having non-GG loans



Average income of GG loan takers



Average income of non-GG loan takers



Average financial asset of GG loan takers



Average financial asset of non-GG loan takers



Initial debt-payment-to-income ratio (GG)



Initial debt-payment-to-income ratio (Non-GG)



Initial loan-to-value ratio (GG)



Initial loan-to-value ratio (Non-GG)



0.579



0.956



0.116



0.258



7.16



0.47



1.58



0.974



0.114



0.735



2.338



65.7%



0.0327



18.12%



0.403%



2.404



67.2%



3.32



0.47



0.96



0.09



0.259



7.60



0.688



1.641



0.976



0.142



0.733



2.337



60.03%



0.0293



23.76%



0.531%



2.332



67.2%



3.289



0.594



N/A



0.122



N/A



6.00



N/A



1.46



N/A



N/A



N/A



2.279



59.4%



0.0284



0%



0%



2.377



67.2%



3.15



Benchmark LT V =0.9 LT V =0.7 ϕ =1



Table 9: Long-term effects of policy changes



0.556



0.97



0.098



0.259



6.90



0.61



1.60



0.90



0.122



0.698



2.25



64.5%



0.031



19.5%



0.411%



2.35



69.1%



2.967



0.533



0.963



0.105



0.259



7.44



0.635



1.597



0.963



0.122



0.725



2.338



63.76%



0.031



21.03%



0.396%



2.375



67.2%



3.25



H ↑ 1% ω =0



the foreclosure rate becomes zero under an economy without government guarantees. In a similar vein, the average LTV ratio under the experimental economy decreases to below 60%; it was 63% under the benchmark. When a household wants to buy a house, it must make at least a 20% down payment. Hence, only limited numbers of households can take out mortgages and buy houses. This leads to a decrease in housing demand and house prices.



7.3



Changes in Housing Supply



We consider a counterfactual scenario where the housing supply exogenously increases. In the fifth column in Table 9, we examine the long-run effect of an increase in housing supply of 1%. The increase in housing supply leads to a decrease in house prices of 10%. Unlike in the previous exercises, an increase in housing supply leads to an increase in the homeownership rate.34 Since a decrease in house prices makes it easier for low-income and low-asset households to buy houses, the homeownership rate and the average LTV ratio increase under the experimental economy.



7.4



Changes in House Preference



In our benchmark utility function, homeowners enjoy two types of benefit: extra utility gain and staying in a big house. Homeowners’ extra utility is an important factor in explaining the housing boom and bust in the global financial crisis (Foote et al. (2012) and Burnside et al. (2016)). Here, we consider a scenario where the homeowner’s extra utility gain ω decreases to zero. Eliminating the extra utility gain from owning a house leads to a decrease in housing demand and house prices. Then, marginal low-income and low-asset households can afford to buy houses. Though the benefit from owning a house is decreased, the homeowner can still stay in a big house. Also, a decrease in house prices leads to a reduction in repayment 34



Note that the homeownership rate is determined by two equations: hH × (#of homeowners) + hR ×



(#of renters) = H and (#of homeowners) + (#of renters) = 1. In our previous exercises, total house supply H is fixed. Hence, the homeownership rate is also fixed. However, as the supply of total house stock changes, the homeownership rate also changes.
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burden. On the other hand, a decrease in house preference makes households less eager to own a house. In addition, financially troubled households are more likely to give up owning their houses, rather than making regular mortgage payments. Since these two opposite forces simultaneously affect households under the experimental economy, the periodic payment burden and the foreclosure rate slightly decrease.



8



Conclusion



This paper analyzes the impacts of government-driven mortgage guarantee programs on households’ optimal decisions and welfare. Our numerical exercises show that a decrease in government subsidies for mortgage guarantee programs leads to a decrease in the proportion of guaranteed mortgages, the average loan-to-value ratio, and the mortgage foreclosure rate. Since a decrease in government subsidies increases mortgage interest rate schedules, marginal households that are highly likely to default on their mortgages forgo taking out mortgages and buying houses, leading to a decrease in house prices. Our model also shows that a decrease in government subsidies for mortgage guarantee programs can slightly improve aggregate household welfare, though the welfare implications are quite different depending on households’ financial status. Lastly, we analyze additional experimental economies where the LTV regulation of private mortgages, the insurance premium for guaranteed mortgages, the housing supply, and housing preference parameters are different from our benchmark’s. Since our model includes two types of mortgages and households can endogenously choose their optimal mortgage type, there are some side effects that are not considered in the previous literature.
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Appendix for Empirical Analysis



• In the empirical analysis section, we mainly use the Survey of Consumer Finances, which is released by the Federal Reserve Board. The SCF contains information about family incomes, net worth, household balance-sheet components, credit use, and other financial characteristics of sampled US households. We use the survey data from 1989 to 2013. All nominal values are in 2013 USD.



• Variable Definitions Each variable that we used in section 2 is defined as follows: – Financial Assets Consists of liquid assets, certificates of deposit, directly held pooled investment funds, stocks, bonds, quasi-liquid assets, savings bonds, whole life insurance, other managed assets, and other financial assets. – Nonfinancial Assets Includes all vehicles, primary residence, other residential real estate, net equity in nonresidential real estate, business interests, and other financial assets. – Mortgage Debt Total value of debt seucred by the primary residence held by household. This includes the following types of loans: mortgages, home equity loans, and HELOCs secured by the primary residence. Mortgages include the first, second, and third liens of mortgages if they exist. – Total Debt Includes mortgage debt, other lines of credit, debt for other residential property, credit card debt, installment loans, and other debt. – Net Financial Assets Defined as the difference between financial assets and non-mortgage debt, following the definition in Chatterjee & Eyigungor (2015).
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– Income Includes wages, self-employment and business income, taxable and taxexempt interest, dividends, realized capital gains, food stamps and other support programs provided by the government, pension income and withdrawals from retirement accounts, Social Security income, alimony and other support payments, and miscellaneous sources of income.
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