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Using sales and leasing data, this paper finds three novel effects of a higher property transaction
tax: higher buy-to-rent transactions alongside lower buy-to-own transactions despite both being taxed, a
lower sales-to-leases ratio, and a lower price-to-rent ratio. This paper explains these facts by developing a
search model with entry of investors and households, households choosing to own or rent in the presence
of credit frictions, and homeowners deciding when to move house. A higher transaction tax reduces
homeowners’ mobility and increases demand for rental properties, which explains the empirical facts and
leads to a lower homeownership rate. The deadweight loss is large at 111% of tax revenue, with more
than half of this due to distorting decisions to own or rent.
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1. INTRODUCTION

Real-estate transaction taxes are a common feature of tax systems around the world. A large and
growing literature points to the distorting effects of such taxes on owner-occupiers.! However,
little is known about the implications of transaction taxes for households’ tenure choices and

1. This includes, but is not limited to, Benjamin et al. (1993), Slemrod et al. (2017), and Kopczuk and Munroe
(2015) for the U.S., Besley et al. (2014), Hilber and Lyytikdinen (2017), and Best and Kleven (2018) for the U.K., Dachis
et al. (2012) for Canada, Eerola er al. (2021) and Maittinen and Tervio (2022) for Finland, Fritzsche and Vandrei (2019)

The editor in charge of this paper was Kurt Mitman.
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landlords’ investment decisions, which jointly determine the allocation of properties between
the markets for ownership and rentals, and hence the homeownership rate. At least a third of the
housing stock is allocated to rental markets, and the homeownership rate is the focus of many
policy debates.? This paper offers a comprehensive understanding of the impact of transaction
taxes on households’ decisions along both the intensive margin (moving and transacting) and
the extensive margin (owning or renting), and on investors’ decisions to buy property.

The paper makes two contributions to the literature. Empirically, it documents the different
way buy-to-rent investors respond to a transaction tax compared to owner-occupiers, even when
the tax applies to both, and the relative effects of the tax on markets for property ownership and
rentals as measured by the leases-to-sales and price-to-rent ratios. These facts demonstrate the
importance of considering the extensive margin and entry of investors. Theoretically, to explain
the new facts, the paper develops and quantifies a model of housing with both a rental and
an ownership market subject to search and credit frictions. The model features housing tenure
decisions across the two markets, endogenous moving decisions within the ownership market,
and entry decisions by investors and households.

The new empirical evidence comes from using a unique dataset of Multiple Listing Ser-
vice records on housing sales and leasing transactions for the Greater Toronto Area (GTA)
between 2006 and 2018. With observations of leases and rents in addition to sales and prices,
the data make it possible to examine both owner-occupied and rental markets and to distinguish
purchases made by buy-to-rent investors from those of owner-occupiers.

In 2008, the City of Toronto introduced a new city-level transaction tax, known in Canada as
Land Transfer Tax (LTT). Importantly, the new tax covered only the City of Toronto but not other
parts of the GTA. This makes it possible to estimate the effects of the tax by comparing housing
transactions and homeowner mobility before and after the new LTT across neighbourhoods that
are adjacent to but on opposite sides of the city border. The counterfactual is supported by
evidence showing that homes on opposite sides of the border are similar in their attributes. For
the years spanning the tax change and in neighbourhoods along the city border, the tax effects
on transactions in rental and owner-occupied markets and on the price-to-rent ratio are estimated
using monthly data at the neighbourhood level. The tax effects on mobility are estimated at the
household level.

The estimations yield three novel facts about the effects of transaction taxes. For ownership
market transactions, a 1.3 percentage points higher effective LTT rate causes purchases made
by buy-to-rent investors to increase by 9.3%. By definition, buy-to-rent investors are those who
acquire properties from the ownership market and make them available in the rental market.
The increase in buy-to-rent transactions is in stark contrast to the 9.6% fall in owner-occupier
purchases, even though the LTT applies to both. Across the ownership and rental markets, the
LTT causes the ratio of leases to sales to rise by 26%, and the ratio of prices to rents to decline
by 3.8%. Together, these findings are consistent with the recent fall in the homeownership rate
in Toronto.® They shed new light on the consequences of transaction taxes. The heterogeneous

for Germany, Davidoff and Leigh (2013) for Australia, Van Ommeren and Van Leuvensteijn (2005) for the Netherlands,
Agarwal et al. (2022) for Hong Kong, and Huang et al. (2021) for Singapore.

2. See Gabriel and Rosenthal (2015) and Goodman and Mayer (2018). See also the literature that seeks to under-
stand changes in homeownership rates, such as Chambers et al. (2009), Fisher and Gervais (2011), and Floetotto et al.
(2016), and the literature on the extent of flows between the rental market and owner-occupation (Glaeser and Gyourko,
2007; Bachmann and Cooper, 2014; Greenwald and Guren, 2021).

3. The homeownership rate, defined as the fraction of properties that are lived in by their owners, is reported by
Statistics Canada only at a five-year frequency. In Toronto, it steadily increased from 51% to 54.5% between 1996 and
2006, followed by a gradual decline to 52.3% in 2016.
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treatment effects of the LTT on sales versus leases and on home-buyers versus investors indi-
cate that a careful evaluation of transaction taxes must consider flows of properties between the
owner-occupied market and the rental market.

This paper develops and calibrates a search model that incorporates the economic forces
highlighted by these new findings with the goal of better understanding housing-market transac-
tion taxes. There is strong evidence on the importance of search frictions in the housing market,
such as the time taken to sell or buy, and the number of property viewings occurring with a sale
or purchase (Genesove and Han, 2012; Ngai and Sheedy, 2020).* The prevalence of real-estate
agents as middlemen is another piece of evidence pointing to the importance of search frictions.
Thus, a search approach is a natural starting point, and is adopted here including both frictions
in locating properties to view and ex ante uncertainty about match quality.

The model allows for endogenous population flows between two regions, the city and else-
where, which aligns with the empirical strategy of comparing transactions on opposite sides of
the city border. To analyse jointly the ownership and rental markets, the model features house-
holds who choose in which market to participate, subject to paying a credit cost to access the
market for property ownership. These credit costs represent the costs of mortgage financing or
the difficulty of obtaining credit, which are heterogeneous across households. Setting the bene-
fits of homeownership against its costs gives rise to an entry decision on the “buy” side of the
rental market. On the “sell” side, there is free entry of buy-to-rent investors. The equilibrium
homeownership rate is the one consistent with the behaviour of both households and investors.

Along the extensive margin, the model predicts the LTT leads simultaneously to a decrease in
purchases by owner-occupiers and an increase in buy-to-rent purchases and leases. The explana-
tion for this hinges on the difference between home-buyers and investors. Owing to idiosyncratic
match-quality shocks and the indivisible nature of property, households desire to move between
different properties on a number of occasions throughout their lives. Hence, choosing to be an
owner-occupier rather than a renter means expecting to pay the LTT every time a new property
is purchased. This dissuades some potential home-buyers from incurring a credit cost and enter-
ing the ownership market. Since these households must still live somewhere, there is an increase
in demand for properties in the rental market.

Investors also face paying the LTT, which reduces the return from purchasing a property.
However, landlords do not need to transact again in the ownership market just because a tenant
no longer finds their property suitable and moves out. This implies that investors have less need
to transact compared to owner-occupiers who face match-quality shocks.” So while the LTT has
a direct negative effect on supply in the rental market, this is relatively smaller than the increase
in demand for rental properties. In equilibrium, the LTT causes the price-to-rent ratio to fall
by enough to attract more buy-to-rent investors in spite of the tax. These investor purchases
of properties from owner-occupiers lead to a decline in the homeownership rate. Buy-to-rent
purchases and leases increase, while purchases by owner-occupiers decline, consistent with the
empirical evidence.

Turning to the intensive margin, the LTT makes existing owner-occupiers more tolerant of
poor match quality, so moving rates decline as households remain in properties for longer on
average—a “lock-in” effect. As match quality with a property has some persistence, households
can mitigate the increased tax costs of moving by becoming more “picky”, that is, requiring

4. This paper documents similar patterns for the Toronto housing markets.

5. Section 4.2 explains why the fact that investors’ transactions are a smaller fraction of total transactions than
the share of rental properties in the total housing stock implies investors have longer average holding periods than
owner-occupiers.
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higher match quality when making a property purchase, and thus reducing the need to move
again in the future.

The model’s parameters are calibrated to the City of Toronto housing market for the years
2006-8. Toronto has an active rental market, and the homeownership rate in the city was then
around 54%. The model is used to simulate both the transitional dynamics and steady-state
effects of a 1.3 percentage-point increase in the LTT rate, calibrating to match the estimated
LTT effect on homeowners’ hazard rate of moving over the four-year period (2008—12) studied
in the econometric analysis.

Over the four-year post-tax-change period, the model predicts transactions by owner-
occupiers fall by 14%, while buy-to-rent transactions rise by 35%. Consistent with the rise in
investor transactions, there is an increase in the number of leases as more households choose to
be tenants rather than home-buyers, leading to a rise in the leases-to-sales ratio of 15% and a
fall in the homeownership rate of 0.23 percentage points. The price-to-rent ratio falls by 1.6%.
These numbers are broadly consistent in magnitude with the estimated LTT effects that were not
directly targeted in the calibration.

The four-year effects on owner-occupier transactions and the price-to-rent ratio are close to
the variables’ new steady states in the model. However, those variables related to housing tenure
choice are very slow to adjust, with the ultimate steady-state effects on the homeownership rate
(down 2.4 percentage points) and the leases-to-sales ratio (up by 23%) being larger than the
four-year effects. This is because flows in any year are small in relation to stocks. On the other
hand, buy-to-rent transactions overshoot their steady-state level (up 5.1%) because of the one-off
effect arising from entry of new investors.

The model spells out two facets of the welfare costs of transaction taxes that are closely
related to its positive predictions. The first is a novel effect on misallocation of properties across
the rental and ownership markets working through the entry of buy-to-rent investors. Intuitively,
since owner-occupiers expect to transact more frequently, the same transaction tax falls more
heavily on owner-occupiers than buy-to-rent investors. This means the cost of credit paid by the
marginal home-buyer must fall, displacing some creditworthy households into the rental market.
Transaction taxes therefore distort housing tenure choices.

Second, within the ownership market, there are two consequences for welfare. There is a
“lock-in” effect of reduced mobility, giving rise to misallocation of properties among owner-
occupiers, with match quality falling on average as households move less frequently to renew
it. While greater pickiness of buyers means that newly matched owner-occupiers enjoy better
initial match quality, more costs are incurred from the extra time spent searching.

The implied welfare cost of the higher transaction tax is substantial. The new LTT gener-
ates a welfare loss equivalent to 111% of the extra revenue it raises. The distortions to flows
between the rental and ownership markets account for a loss equal to 60% of extra revenue
raised. Distortions within the rental and ownership markets lead to losses of 13% and 38% of
tax revenue, respectively. Overall, the presence of the rental market in the analysis accounts for
a loss equivalent to 73% of tax revenue, which is two thirds of the total loss.

In light of the implicit tax advantage enjoyed by buy-to-rent investors in a tax system
where they pay the same rate as owner-occupiers, the paper studies an alternative with a higher
tax rate on investors that nullifies this advantage. By raising barriers to entry for investors,
it reduces the across-market welfare losses from lower homeownership. However, an impor-
tant caveat is that ever further rises in buy-to-rent investors’ tax rate to boost homeownership
would ultimately lead to large welfare costs as uncreditworthy households are displaced into
the ownership market by a lack of rental properties. Deep-pocketed investors play an impor-
tant role in providing access to housing without everyone needing to pay the costs of accessing
credit.
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The plan of the paper is as follows. Related literature is discussed below. Section 2 presents
the data and the estimation of the effects of the LTT in Toronto. Section 3 develops a two-
region dual ownership and rental markets model of housing. Section 4 presents the model’s
qualitative predictions when the transaction tax rises. Section 5 calibrates the model and derives
the quantitative effects of the tax and the associated welfare losses due to misallocation across
the two markets and distortions within each market.

Related literature. In the last two decades, concerns about the costs of real-estate transaction
taxes have grown among policymakers and in academic research. Two prominent examples are
the “Henry Review” established by the Australian government and the “Mirrlees Review” by the
U.K. government. Both reviews found significant costs of transaction taxes owing to reduced
mobility and distortions associated with ad valorem taxes. The reviews proposed reforms to
replace stamp duty with a land value tax or a tax on housing consumption (Henry ef al., 2009;
Mirrlees et al., 2010).

These findings are confirmed by economists studying housing markets using data from Aus-
tralia, Canada, Finland, Germany, the U.K., and the U.S. The majority of the literature has
focused on the effects of transaction taxes on mobility, transaction volumes, or house prices.
Among these papers, a few have also computed the welfare costs of transaction taxes per unit of
tax revenue raised, such as Dachis ef al. (2012) for Canada, Hilber and Lyytikdinen (2017) and
Best and Kleven (2018) for the U.K., Eerola et al. (2021) and Méittianen and Tervié (2022) for
Finland, Fritzsche and Vandrei (2019) for Germany, and Schmidt (2022) for the Netherlands.
These losses are solely due to effects on the intensive margin of fewer transactions and reduced
mobility of homeowners. However, as Poterba (1992) noted, “finding the ultimate behavioural
effects requires careful study of how tax parameters affect each household’s decision of whether
to rent or own as well as the decision of how much housing to consume conditional on tenure”.
The contribution of this paper is to study how transaction taxes affect choices of housing tenure,
and to quantify the welfare effects of such taxes along both the extensive and intensive margins.

The empirical strategy of this paper is closest to Dachis et al. (2012) in studying the effects
of the 2008 LTT change in Toronto. This paper differs in that it examines a completely new angle
of the impact of transaction taxes on renting versus owning. By merging data across rental and
ownership markets for property, it documents novel facts about the effects of transaction taxes on
the housing tenure choice margin. While the former paper produced a reduced-form calculation
of the welfare loss in the ownership market, this paper uses the empirical findings to calibrate
a general-equilibrium model with both ownership and rental markets to quantify welfare losses
across the two markets in addition to within each market.®

Recent work with a related objective to this paper in analysing the effects of transaction
taxes on the homeownership rate and their implications for welfare are Cho et al. (2024), Kaas
et al. (2021), and Schmidt (2022). This paper’s key advantage is in identifying the differential
effects of transaction taxes on buy-to-rent investors and owner-occupiers using micro data on
leasing and transaction records. On the theory side, this paper allows for free entry of buy-to-
rent investors in a search model that highlights the indivisible nature of housing. The model
rationalises the empirical finding of opposite effects of transaction taxes on buy-to-rent investors
and owner-occupiers.

6. A key feature of the analysis here is the general-equilibrium effect of households’ tenure choices on the price-
to-rent ratio following the transaction tax, which attracts entry of buy-to-rent investors. It is similar in spirit to Sommer
and Sullivan (2018), who point to the general-equilibrium effect on homeownership of removing mortgage-interest
deductibility through a fall in house prices, which encourages more credit-constrained households to become owner-
occupiers as downpayment constraints slacken. This illustrates the importance of a framework where house prices, rents,
tenure choices, and entry of investors are all endogenous in general equilibrium.
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2. EMPIRICAL ANALYSIS
2.1. Data

The data on residential real-estate sales and leasing transactions come from Multiple Listing
Service (MLS) transaction records for the period 2006—18 in the Greater Toronto Area (GTA)
(TRREB, 2019), the fourth largest metropolitan area in North America. Each sale has observa-
tions of the property price, the length of time it was on the market, the transaction date, and
its exact address and neighbourhood. Sales transactions are documented in the MLS system
once buyers and sellers sign a purchase agreement. Similar records are kept for leases, except
that the time on the market is not observed. For each transaction, the sales price or rent reflect
the amounts agreed upon between the parties; time-on-the-market is measured as the number
of days from the initial listing to the signing of the purchase agreement. MLS data also record
detailed property characteristics such as the numbers of bedrooms, washrooms, and kitchens,
the lot size (except for condominiums/apartments), the styles of the house and the family room,
the basement structure/style, and the heating types/sources.

The Canadian Multiple Listing Service (MLS) is a centralised database used by real-estate
professionals to record listings and transactions of properties they are marketing for sale or
lease. It includes comprehensive records of residential real-estate transactions facilitated by all
licenced agents. According to a 2021 survey conducted in Ontario, 88% of sellers and 89% of
buyers indicated their intention to use a licenced agent to assist them in buying or selling a
property (OREA, 2021).

A comparison between MLS data and transaction records from the Toronto Land Registry
Database shows that from 2006 to 2018, the Toronto MLS captured 79% of detached house
transactions, 90% of semi-detached house transactions, and 64% of condominium transactions
recorded by the Land Registry, with stable coverage throughout this period.” The lower coverage
of condominiums is to be expected as newly constructed units are often sold directly by devel-
opers’ internal sales teams. Besides directly marketed condominium units, transactions recorded
by the Land Registry but not covered by the MLS typically consist of non-arm’s-length trans-
fers, such as family transfers, and for-sale-by-owner transactions.® Excluding non-arm’s-length
and for-sale-by-owner transactions, the correlation between sales transactions for detached and
semi-detached houses in the MLS and Land Registry data at the FSA x month level is nearly
0.99.° Given the incomplete coverage of the condominium sector and the relative scarcity of
semi-detached houses, the analysis mainly focuses on detached houses, with robustness checks
for other property types. '’

A key advantage of the analysis comes from the ability to match rental transactions to sales
transactions. The MLS is the largest rental listing platform and offers an unusually high coverage
of verifiable long-term rental listings in Toronto. Appendix A.1.1 shows through webscraping
and geocoding that MLS rental listings capture over 90% of properties for rent in the City

7. This comparison is made available courtesy of a senior economist at the Bank of Canada. MLS data have been
recognised as a standard data source in various Canadian government reports (e.g. CMHC, 2015, 2023; BoC, 2023)
owing to their consistently high and stable coverage of transactions.

8. Non-arm’s-length transactions are less relevant to the issues studied in this paper. For-sale-by-owner trans-
actions are unlikely to involve disproportionately either buy-to-own or buy-to-rent purchases. So excluding these

transactions should not substantially affect the main findings here.

9. FSA refers to a Forward Sortation Area, the first three characters of a Canadian postal code that identify a
specific geographic area.

10. In the market for detached houses, MLS records cover approximately 78% of the transactions recorded in
Land Registry data between 2006 and 2012. At the start of the sample period, MLS transactions account for 76.3% of
deed transactions, indicating the usual concern about coverage in earlier years is less of a problem here.
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of Toronto that were listed on alternative platforms such as Toronto Rentals, the second-most
popular rental website serving the GTA since 1995.!!

Properties that appear in both the sales and leases datasets within an 18-month window are
identified by their transaction dates and detailed address information. This process generates a
novel measure that links the markets for property ownership and rentals. If the sale of a property
is followed by it being listed on the rental market between 0 and 18 months after the sale, the
purchase is identified as a buy-fo-rent transaction. Alternatively, if a sale is followed by the
property being listed again for sale between 0 and 18 months after the original sale, it is identified
as a buy-to-sell transaction.'” The remaining sales transactions are considered to be purchases
by owner-occupiers and are designated as buy-to-own transactions.

Between 2006 and 2017, the fraction of buy-to-own transactions in the City of Toronto
declined from 89% to 84%, while the fraction of buy-to-rent transactions tripled from 4% to
12%."3 In contrast, buy-to-sell transactions remained stable at around 4% throughout most of
the period.'* Given the small and stable fraction of buy-to-sell transactions, these are excluded
from the sample used for estimation.

A market segment is defined by community x year x month."> For each market segment, the
housing-market outcome variables include the number of sales transactions, which is broken
down into buy-to-own (BTO) and buy-to-rent (BTR) sales, the number of leases, the ratio of the
numbers of leases to sales, and the average price-to-rent ratio. In addition, for each homeowner,
the number of months since the property was purchased is known, irrespective of whether the
property is currently listed for sale.'®

Real-estate transaction taxes are common across Canada, where they are known as Land
Transfer Tax (LTT). The tax is paid by buyers, and in spite of the name, LTT is applied to the
whole property price. Before 2008, residential transactions in the province of Ontario, which
includes the whole of the GTA, were subject to a provincial-level land transfer tax, but there
was no additional city-level LTT. The City of Toronto experienced a housing boom in the years
following 2000 and usually maintained a budget close to balance. Following an unexpected bud-
get shortfall in late 2007, the city council approved a land transfer tax on property transactions
within the city that close after 1st February 2008. The extra tax revenue was collected to meet
municipal workers’ demands for higher wages. The institutional background to the LTT is dis-
cussed in detail in Dachis ef al. (2012). Table A.1 summarises the city- and provincial-level LTT
schedules.!”

11. Urbanation, a third-party service that independently collects data on rentals in the Greater Toronto Area,
estimates that approximately 75-80% of condominium lease activity is captured in MLS data. These estimates are based
on examining MLS leasing transactions volumes relative to the size and change in the overall stock of rental properties
each year as reported by the Canada Mortgage and Housing Corporation (CMHC).

12. As a robustness check, changing the 18-month threshold to 6, 12, or 24 months does not significantly affect
the estimation results.

13. An increase in buy-to-rent transactions in recent years has been seen in other countries, including the U.S.

and Norway (Mills et al., 2019; Bg, 2021).
14. In suburban areas, these fractions change from 88% to 80%, 5% to 14%, and remain stable at 5%,

respectively.

15. There are 296 communities in the GTA, including 140 in the City of Toronto. See www.toronto.ca/city-
government/data-research-maps/neighbourhoods-communities/neighbourhood-profiles/.

16. The MLS sample covers Toronto listings and transactions records in the period 2000—18. For each property,
its transaction history is tracked between 2000 and 2018. The time since a homeowner purchased a property is calculated
as the number of months since the previous transaction date, with the original purchase price corresponding to the sales
price for the previous transaction. MLS databases are maintained by local real-estate boards that ensure consistency and
accuracy in record keeping.

17. The new city-level LTT has an exemption for first-time buyers of properties priced under $400,000, and the
existing provincial-level LTT had a similar exemption for properties under $227,500. However, since first-time buyers
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The effective LTT rate is defined as the mean transfer tax as a percentage of the sales price,
combining provincial- and city-level taxes, averaged over detached-house transactions in the
City of Toronto. Using the same set of transactions in the pre-policy period from January 2006
to January 2008 to control for compositional effects, effective LTT rates are imputed based on
the tax rates before and after the new LTT is introduced, and the change in the effective LTT rate
is taken to be the difference between the two. To account for partial exemptions received by first-
time home-buyers, effective LTT rates are imputed assuming 0%, 40%, or 100% of home-buyers
are first-time buyers, and the resulting effective LTT changes under these different assumptions
are reported in the column (1) of Table A.2. With 40% being first-time buyers, the effective
LTT rate rises by 1.33 percentage points after the city-level LTT is introduced.'® This number
is unaffected by restricting the sample to transactions within 5 km of the city border, and drops
slightly to 1.31 percentage points for a sample within 3 km, as seen in columns (2) and (3) of
Table A.2. Given the consistency of the effective LTT rate across these samples, the increase in
the effective LTT rate is taken to be 1.3 percentage points.

In the baseline estimation, the pre-policy period is January 2006—January 2008 and the
post-policy period is February 2008—February 2012. The top two panels of Table A.3 present
descriptive statistics for variables within the Greater Toronto Area and within the City of Toronto
before and after the introduction of the city-level LTT.

To ensure the housing stock and neighbourhoods are relatively homogeneous, the baseline
sample is restricted to properties on either side of the city border within 3 or 5 km of the boundary
line determining whether the new LTT is applicable. The geography of the sample used for the
baseline estimation is depicted in Figure A.2. Importantly, the possibility that housing-market
outcome variables make a discrete jump at the border while neighbourhoods continue to change
in a smooth manner allows the relationship between the LTT and housing-market outcomes
to be isolated. The bottom two panels of Table A.3 present summary statistics for the 3- and
5-km border samples during the pre- and post-LTT periods. Appendix A.1.3 further shows that
most property characteristics do not vary significantly across the border, and that cross-border
differences, if any, do not change significantly after the new LTT.

2.2. Estimating the effects of transaction taxes

The main empirical strategy resembles a variant of the regression discontinuity design in Dachis
et al. (2012). While they estimate the six-month effects of the new LTT on sales transaction vol-
umes and prices in the market for detached houses, this paper extends the sample to cover not
only a longer time period but also a wider range of residential property types. Most importantly,
benefiting from a unique combination of rental and sales data, this paper examines an array of
market outcomes above and beyond prices and volumes, which reveal a detailed picture about
flows of properties between and within the owner-occupied and rental markets. Between the two
markets, the paper makes a new contribution by estimating the effects of the LTT on transaction

will expect to move again in the future and then face the new tax, the effects of the LTT predicted by the model still
apply in the presence of this exemption.

18. As noted in the evidence used for calibrating the model from Appendix A.5, the Canadian Association of
Accredited Mortgage Professionals (now Mortgage Professionals Canada) conducted a 2015 survey finding a 45% frac-
tion of first-time buyers, consistent with the 44% found in the 2018 Canadian Household Survey for the Greater Toronto
Area. In contrast, data from the Canada Mortgage and Housing Corporation suggest the fraction is about one third.
Based on these sources, a 40% fraction of first-time home-buyers is assumed here.
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FIGURE 1
Log point differences across the City of Toronto border. (a) Leases-to-sales ratio, (b) price-to-rent ratio, and
(c) buy-to-own sales, (d) buy-to-rent sales
Notes: The vertical axis represents the change in the logarithm of the mean neighbourhood-level outcome variables
across the Toronto border in the months before and after the imposition of the new LTT. The graphs are obtained from
kernel-weighted local linear regressions of coefficients from the logarithms of outcome variables on the interaction
between City of Toronto and year-month indicators, controlling for community fixed effects and year-month fixed

effects. The sample comprises detached house transactions from 2006 to 2018 that are within 5 km of the city border.

volumes and costs in the rental market relative to the ownership market. Within the owner-
ship market, the paper enriches previous work by estimating how the LTT affects individual
homeowners’ hazard rate of moving.

Figure 1 motivates the empirical analysis by presenting time series of cross-city-border dif-
ferences in housing-market variables related to the extensive margin. The graphs cover the period
before and after the new LTT is introduced in February 2008, and the difference at the City of
Toronto border is calculated using neighbourhoods within five kilometres of the border on either
side. Following the new LTT, there is a distinct jump in relative transaction volumes across the
owner-occupied and rental sectors and relative costs as measured by the price-to-rent ratio. Com-
pared to their nearby suburban neighbours, city residents faced lower prices relative to rents,
experienced more leasing transactions relative to sales, and had fewer buy-to-own but more
buy-to-rent transactions.

While illustrative, the evidence presented in Figure 1 is descriptive at best. It cannot isolate
the effects of the LTT from other confounding factors. Nor can it speak to the magnitude of
any jump because the shape of the time trend may be sensitive to specification. Nevertheless, it
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highlights two discrete changes in Toronto’s housing market following the introduction of the
city-level LTT: one at the city border, and one on the date the new LTT is imposed. Motivated
by these discontinuities, this paper estimates the causal effects of the transaction tax using a
hybrid of differences-in-differences and regression discontinuity design, focusing on housing
transactions within a narrow band on both sides of the city border. By incorporating a rich set of
controls and robustness checks, robust estimates of the causal effects of the LTT are derived.

Beginning with estimation at the level of a market segment (community x year x month), the
dependent variable is one of the following: the log of the number of leases relative to sales, the
log of the average price-to-rent ratio, the log of the number of buy-to-own (BTO) transactions,
and the log of the number of buy-to-rent (BTR) transactions. Later, the effect of the LTT on
individual homeowners’ monthly moving hazard is estimated.

In these regressions, the key variable of interest is LT7, an interaction of indicators for
being within the city border and after the new LTT is introduced, whose coefficient captures
the impact of the new city-level transaction tax. The regressions also include the City of Toronto
indicator, the post-LTT indicator, a rich set of time-varying housing characteristics (where appli-
cable), along with a broad set of fixed effects: community, year, month, property-type (where
applicable), and their interactions. These fixed effects flexibly control for housing composi-
tion, seasonality, and variation in how different housing-market segments evolve. Notably, the
specification allows for separate time trends inside and outside of the city to control for city-
specific trends that may be caused by factors other than the LTT. Together, these controls help
account for the potential impact of households’ price expectations and risk perceptions on hous-
ing transaction outcomes (see Adelino et al., 2018; Kindermann et al., 2024), which may evolve
over time and vary across neighbourhoods. The detailed empirical specification is presented in
Appendix A.1.4.

One legitimate concern is that households may have anticipated the introduction of the new
LTT and rushed to make transactions before the cost of buying a property increased. As dis-
cussed extensively in Dachis ez al. (2012), such anticipation of the 2008 LTT in Toronto was
quite limited, and would have had to occur within the three months before the new LTT was
implemented. In light of this, for all specifications, indicators for transactions in the six-month
period from November 2007 to April 2008 are included to condition out any run-up in sales right
before the tax change and possible continuation immediately after it."”

2.2.1. Effects across ownership and rental markets. Consider first the market-segment
level estimation of the LTT effects across the ownership and rental markets. The focus is on
detached house transactions, for which the MLS data provide extensive coverage.

Leases-to-sales and price-to-rent ratios. For each market segment, the leases-to-sales ratio is
a measure of relative activity in the rental and ownership markets, and the price-to-rent ratio
is a measure of relative cost across the markets. The top panel of Table 1 reports the estimated
effects of the LTT on these measures. Column (1), the baseline specification, restricts the sample
to 3km on each side of the border. It allows for anticipation effects by including indicators for
transactions three months before and after the introduction of the LTT. It further allows for the
presence of spatially differentiated time trends on either side of the city border.

19. This strategy for addressing possible anticipation effects is also consistent with Bérard and Trannoy (2018)
and Benjamin ez al. (1993), both of whom explicitly estimate anticipation effects associated with a real-estate transaction
tax. Using French data, the former find that the anticipation effect is limited to one month immediately before the
implementation of the tax reform, while the post-tax effects last for up to three months. Using data from Philadelphia,
the latter find that anticipation effects are very small and limited to two months before the tax change.
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TABLE 1
Effects of the transaction tax across ownership and rental markets

Dependent variable (1) 2) 3) C))
log(#Leases/#Sales) 0.234** 0.242%+* 0.236** 0.264***

0.117) (0.082) (0.100) (0.063)
Observations 1,355 2,660 1,782 7,730
log(Price/Rent) —0.039** —0.026* —0.031* —0.038***

(0.020) (0.015) (0.018) (0.013)
Observations 1,672 3,517 2,455 9,876
log(#BTO sales) —0.101* —0.097** —0.062 —0.122%**

(0.059) (0.045) (0.056) (0.033)
Observations 3,736 6,363 3,811 17,190
log(#BTR sales) 0.089* 0.100** 0.117** 0.110*

(0.047) (0.045) (0.055) (0.058)
Observations 531 1,031 670 2,857
Sample Border Border Border All
Distance threshold 3km Skm Skm All
City indicators 3 m Yes Yes Yes Yes
City time trends Yes Yes Yes Yes
Distance LTT trends Yes Yes Yes
Donut hole 2km

Notes: Data comprise detached house transactions from January 2006 to February 2012. A unit of observation is a
market segment defined by community x year x month. Repeat sales transactions taking place within 18 months of one
another are discarded. Each cell of the table represents a separate regression of an outcome (specified in the left column)
on the LTT interaction dummy. All regressions include a dummy for the post-LTT period, City of Toronto fixed effects,
year fixed effects, calendar-month fixed effects, community fixed effects, and their interactions. In the specifications
above, the distance threshold is the maximum distance to the Toronto city border for a transaction to be included in the
sample. City indicators 3 m are six dummy variables for transactions inside the City of Toronto during the last three
months of 2007 and the first three of 2008. City time trends indicate the presence of separate time trends for transactions
inside and outside the City of Toronto. Distance LTT trends denote the inclusion of an interaction term between the
LTT and a dummy variable for properties between 2.5 km and 5 km away from the city border in columns (2) and (3)
and the interaction between the LTT and the distance from the city border in column (4). Robust standard errors are in
parentheses, and *, **, and *** denote statistical significance at the 10%, 5%, and 1% levels.

The 1.3 percentage-point increase in the effective LTT rate causes a 26.4% increase in the
numbers of leases relative to sales and a 3.8% drop in the price-to-rent ratio.?? The LTT thus
boosts activity in the rental market compared to the ownership market, and raises the rental yield
(the inverse of the price-to-rent ratio). Column (2) repeats the baseline regression of column
(1) except for extending the sample to include all property transactions within 5 km of the city
border instead of 3 km. The coefficients for the lease-to-sales ratio and the price-to-rent ratio
remain close to those in column (1). One might be concerned that the rise in the leases-to-sales
ratio could be due to a fall in mobility that decreases both leases and sales, but with sales falling
by more. Table A.5 shows that this is not the case, as the LTT consistently has a negative effect
on sales and a positive effect on leases. Similarly, as shown in Table A.6, the decline in the
price-to-rent ratio is driven primarily by a decline in house prices.

While discontinuity design is a standard approach to estimate the effects of the tax, it requires
three strong assumptions that are worth discussing and testing. The first assumption is that the

20. A coefficient of 0.234 indicates the LTT increases the leases-to-sales ratio by 26.4% (100 x (e0‘234 - 1)),
and a coefficient of —0.039 implies the LTT decreases the price-to-rent ratio by 3.8% (100 x (1 — e*0'039)).
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leases-to-sales and price-to-rent ratios outside the city border are unaffected by the tax change.
A potential sorting bias is that some buyers may respond to the LTT by switching from making
purchases inside the city border to outside, boosting property sales outside the border and hence
violating the assumption that the comparison group is unaffected by the tax change. To mitigate
this concern, column (3) applies a “donut approach”, repeating the estimation in column (2)
with a distance threshold of 5 km, but excluding properties within 2 km of each side of the city
border. The rationale is that sorting across the border, if it occurs, would most likely happen
immediately adjacent to the border. However, the coefficients in column (3) are very close to
those in column (2), mitigating this concern.?! A reason for the robustness of the estimates with
respect to sorting is offered in the theoretical framework developed later.

Second, for regression discontinuity to offer an appropriate estimate of the LTT effect, the
LTT impact must be uniform for all city properties irrespective of their distance to the border. But
this will not hold if, for example, people who live further away from the border are more willing
to pay the tax because their location demand is less price elastic. This concern is addressed in
columns (2) and (3) by extending the sample to include properties within 5km of each side
of the city border and adding an interaction term between exposure to the LTT and a dummy
variable for properties between 2.5 km and 5 km from the border. With this, the LTT effect can
differ depending on the distance of a property from downtown. However, the coefficient on the
interaction term is small and statistically insignificant in all specifications.””> More importantly,
the coefficients on LTT in both the leases-to-sales and price-to-rent regressions remain consistent
across specifications.

Column (4) further extends the estimation sample to cover the entire City of Toronto and the
rest of the Greater Toronto Area. The estimated effects remain close to the baseline specification
in magnitude and significance. Moreover, from the interaction term, distance to the border does
not change the main LTT effects in any noticeable way.>}

Given the robustness of the estimates in Table 1 and the consistency of the effective LTT rates
across samples (see Table A.2), column (1) is adopted as the main specification in what follows.
Expanding the geographic coverage allows for more extensive controls and specification checks,
but at the cost of adding unobserved heterogeneity and thus complicating interpretation of the
estimates. This is especially so for the whole sample in column (4).

Finally, the discontinuity design relies on a combination of two structural breaks in the hous-
ing market: one on the date the new LTT was imposed, and one at the city border. There might be
a concern that these structural breaks could pick up time variation and spatial differences in the
housing market that are not necessarily related to the LTT. For example, the introduction of the
LTT coincided with the global financial crisis. If the crisis affected city and suburban neighbour-
hoods differently, the LTT coefficient might inadvertently capture its effects. However, note that
city-specific time trends were included to account for spatially different time trends inside and
outside the city. Additionally, the financial crisis had a mild and temporary impact in Canada
compared to the U.S. and other countries (Haltom, 2013; Walks, 2014; Bordo et al., 2015),

21. The estimates are again robust if the estimation in column (1) with a distance threshold of 3 km is repeated,
but excluding properties within 1 km of each side of the border.

22. In column (2), the interaction term’s coefficient is 1.6 x 10~3 with a standard error of 2.7 x 10~ in the
leases-to-sales regression, and 8.0 x 10~ with a standard error of 7.0 x 100 in the price-to-rent regression.

23. In column (4), the coefficient on LTT X distance in the leases-to-sales regression is —1.18 x 10~4 with a
standard error of 5.24 x 107>, The City of Toronto covers an area of 630.2 km? with a radius of 14.16 km. Within the
city, the community with the maximum distance to the border, approximately 18 km, is the Waterfront neighbourhood.
Hence, the LTT effect on the leases-to-sales ratio is much the same throughout the city. The corresponding coefficient in
the price-to-rent regression is statistically insignificant and quantitatively irrelevant.
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with the GTA housing market experiencing a temporary slowdown starting in September 2008,
followed by a quick recovery at the beginning of 2009.

To test whether this temporary slowdown drives the estimated LTT effects, the years and
months around the financial crisis are excluded from the estimation sample. Specifically, the
estimation of columns (2) and (3) of Table 1 is repeated after excluding transactions 21, 24,
or 27 months around the financial crisis. Table A.7 presents the results for the leases-to-sales
ratio along with other key market outcomes in these alternative sample windows. The results
consistently align with those in Table 1 across samples, suggesting the estimated LTT effects are
unlikely to be driven by the financial crisis.

To validate the estimated LTT effects further, a placebo test is conducted to check that the
results are not simply capturing arbitrary spatial differences in housing-market trends. Using
areas within the city, artificial borders are defined at distances of 3, 4, 5, or 6km from the
true city border and the estimations from Table 1 are repeated. These results are reported in
Table A.8. The coefficients on the pseudo LTT dummy variables, the interaction of the pseudo-
border dummies with the post-LTT indicator, are mostly small and statistically insignificant
across pseudo-border choices and specifications. When significant, as in the case of the price-to-
rent ratio, the coefficients show signs opposite to what would be expected. This exercise further
supports that the estimated effects of the LTT originate from changes at the city border where
the new LTT becomes applicable rather than arbitrary spatial differences.

Buy-to-own and buy-to-rent transactions. Given the relative increase in leasing activity in
the city after the LTT is introduced, it is natural to explore the breakdown of sales into buy-
to-own and buy-to-rent transactions. While the literature finds that the total volume of sales
decreases in response to the LTT, this aggregate effect may obscure significant differences in
how owner-occupiers and investors respond to transaction taxes. Indeed, Table 1 shows that the
LTT has opposite effects on buy-to-own (BTO) and buy-to-rent (BTR) transactions, in spite of
the same tax rate applying to both. Column (1) shows BTO transactions fall by 9.6%, while BTR
transactions rise by 9.3%. These estimates are consistent across specifications.

There are several potential concerns with the finding of opposite LTT effects on BTO and
BTR transactions. First, investors and home-buyers may be treated differently in the mortgage
market or in respect of taxation of capital gains. Furthermore, if some BTR transactions were
not recorded in the MLS rental database, these might be mis-categorised as BTO transactions.
However, such omitted variables and measurement error are less of a concern in this setting.
To the extent that changes in mortgage or tax treatment or the mis-categorisation of transaction
types before and after the new LTT do not vary systematically between adjacent neighbourhoods
across the city border, these factors would have been accounted for using the differences-in-
differences approach.

Second, there may be a concern that the results are sensitive to the number of months between
purchasing and leasing a property that was used to distinguish BTO and BTR transactions. To
address this, Table A.9 shows the results are robust to changing the 18-month threshold to 6,
12, or 24 months. A third concern is that first-time buyers are more likely to benefit from par-
tial tax exemptions compared to buy-to-rent investors. Recall that the imputation of the effective
LTT rate accounts for the presence of first-time buyers. Moreover, the baseline estimation com-
pares adjacent neighbourhoods with similar compositions of households on opposite sides of the
city border before and after the new LTT, effectively conditioning out differences in the initial
fraction of first-time home-buyers.?*

24. Admittedly, the fraction of first-time home-buyers is not observed at the neighbourhood level. To the extent
that there are more first-time home-buyers in border neighbourhoods, the baseline estimates from the border sample

GZ0Z JoqWaA0N 6] UO Jasn SOILOU0DT JO [00YdS UOpUOT AQ 610E628/Z601BPI/PNIS8I/S60 0L /I0P/3|01lB-80UBAPE/PNISS./WO0D dNo olWapeoe//:sdy Wol) papeojumo(


http://academic.oup.com/restud/article-lookup/doi/10.1093/restud/rdaf092#supplementary-data
http://academic.oup.com/restud/article-lookup/doi/10.1093/restud/rdaf092#supplementary-data
http://academic.oup.com/restud/article-lookup/doi/10.1093/restud/rdaf092#supplementary-data

14 REVIEW OF ECONOMIC STUDIES

So far, the analysis has focused on detached houses, given that the MLS data cover nearly the
universe of transactions for this property type in Toronto after excluding non-arm’s-length and
for-sale-by-owner transactions. In contrast, coverage is lower for condominiums and apartments.
The robustness of the main findings to other types of properties is checked by expanding the
sample to include all types.>> As shown in Table A.10, across different property types, the LTT
consistently leads to an increase in the leases-to-sales ratio, a decrease in the price-to-rent ratio,
a decline in buy-to-own transactions, and an increase in buy-to-rent transactions. These findings
support that the results in Table 1 extend to other property types as well.

2.2.2. Effects on the owner-occupied market.

The moving hazard rate. This section restricts attention to flows within the ownership market
and examines the effects of the transaction tax on individual homeowners’ mobility. Unlike
many previous studies that use transactions volume to measure mobility, here the data have
precise observations of when an individual homeowner puts a property up for sale and when a
sale occurs.

Homeowners’ pattern of mobility is represented by a moving hazard function: the relation-
ship between the rate at which moving occurs and the number of months since a homeowner
purchased a property. This hazard function is estimated using the Kaplan—-Meier (KM) method.
The KM estimator computes the conditional probability of putting a property up for sale given
the time since the homeowner moved in. Specifically, a unit of observation is each month since
a homeowner has bought a property and the event is putting the property up for sale given that
this has not occurred so far. The estimated hazard function is shown in Figure A.3. The mean
length of time between purchasing a property and listing it for sale is 113 months.

Since the hypothesis of homogeneity of hazard rates over time is not rejected at the 1% level
and the estimated hazard function shape is monotonic, the hazard function can be analysed using
a Weibull model. The hazard function for homeowner j in a given year-month ¢ is parameterised
as

h (t | th,LTTj,) = (pt(p*leﬂo'ﬂ}tﬁ"'ﬂ"ﬂﬁ’

where ¢ is time since the homeowner purchased their property, ¢ is a parameter linked to the
gradient of the hazard function, and LTT, is an indicator for exposure to the new LTT. The vector
X, is arich set of controls, including indicators for the post-LTT period and being in the City of
Toronto, time-varying property attributes, a broad range of fixed effects that flexibly control for
the differential evolution of housing-market outcomes across property types and communities,
and the price originally paid by the homeowner. The original purchase price proxies for non-tax-
related moving costs that are positively related to a property’s value, both monetary (e.g. real-
estate agent commissions) and psychological (e.g. attachment to a higher-value home) (Hardman
and Joannides, 1995; Han, 2008). Controlling for the original purchase price enables the LTT
effect on residential mobility to be separated from that of other transaction costs.

The estimation results are presented in Table 2. For the baseline specification in column (1),
the LTT reduces an individual homeowner’s moving hazard by 12.2%. Given the mean dura-
tion of remaining before the tax change is 113 months, this implies homeowners remain in their
current home for 14 months longer on average after the LTT. This substantial lock-in effect is

would represent a lower bound on the true effects. Note that the LTT effects estimated for both the border sample

(columns 1-3 of Table 1) and the whole sample (column 4) are largely consistent.
25. Using German data, Petkova and Weichenrieder (2017) find that an increase in real-estate transfer taxes is

associated with a decline in transactions for single-family houses and a decline in prices for apartments.
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TABLE 2
Effects of the transaction tax on mobility
(6] (@) 3) “
Dependent variable: the event of moving
LTT —0.130** —0.194%** —0.232%* —0.228***
(0.064) (0.053) (0.088) (0.042)
log(Original purchase price) —0.095 —0.076% —0.103** —0.079***
(0.065) (0.043) (0.048) (0.023)
log g 0.513%** 0.523%** 0.519%** 0.526***
(0.010) (0.007) (0.010) (0.005)
Observations 1,691,369 2,831,897 1,651,935 5,719,326
Sample Border Border Border All
Distance threshold 3km Skm Skm All
Property characteristics Yes Yes Yes Yes
City indicators 3 m Yes Yes Yes Yes
City time trends Yes Yes Yes Yes
Distance LTT trends Yes Yes Yes
Donut hole 2km

Notes: Data comprise detached house transactions from January 2006 to February 2012. Repeat sales transactions taking
place within 18 months of one another are discarded. A unit of observation is a homeowner whose property is listed
on MLS. Homeowners’ times between moves are assumed to follow a Weibull distribution. All regressions include an
indicator for the post-LTT period, an indicator for the City of Toronto, property-type fixed effects interacted with a
set of time-varying property characteristics, and year x property type, month x community, month x property type, and
community x property type fixed effects. In the specifications above, the distance threshold is the maximum distance to
the Toronto city border for a transaction to be included in the sample. City indicators 3 m are six dummy variables for
transactions inside the City of Toronto during the last three months of 2007 and the first three of 2008. City time trends
indicate the presence of separate time trends for transactions inside and outside the City of Toronto. Distance LTT trends
denote the inclusion of an interaction term between the L77T and a dummy variable for properties between 2.5 km and
5 km away from the city border in columns (2) and (3) and the interaction between the LTT and the distance from the city
border in column (4). Standard errors clustered by community are in parentheses, and *, **, and *** denote statistical
significance at the 10%, 5%, and 1% levels.

consistent with evidence from other countries.?® The other columns allow for spatially differen-
tiated time trends, substitution across the border, and alternative thresholds for the distance from
the city border. The resulting estimates of the LTT effect are not statistically different from those
in column (1).?” Table A.11 shows the results of repeating the estimation for the alternative sam-
ple periods 2006—10 and 2006—18. The estimated LTT effect remains robust to using shorter and
longer post-LTT periods. The estimated lock-in effect of transaction taxes on residential mobility
is not only substantial but also long lasting.

Across all specifications, the estimated value of log ¢ is greater than zero, indicating a mov-
ing hazard that increases with time spent living in a property. Furthermore, the effect of the

26. For example, using data from the Netherlands, Van Ommeren and Van Leuvensteijn (2005) find that a one
percentage-point increase in transaction costs as a percentage of property prices decreases residential mobility rates by
8.1-12.7%. Using U.K. data, Hilber and Lyytikdinen (2017) find that a 2 percentage-point increase in stamp duty reduces
the annual rate of mobility by 2.6 percentage points.

27. As in Table 1, column (1) in Table 2 is retained as the main specification. This choice ensures relative
homogeneity of the housing stock and neighbourhood characteristics. The stability of estimates from the border sample
over an extended period and across different property types further underscores the advantage of using a relatively
homogeneous border sample. For example, using the specification in column (1), the estimated LTT coefficient changes
only slightly from —0.130 to —0.125 when extending the estimation window from 2006-2012 to 2006-2018, and to
—0.110 when extending the detached house sample to cover all property types.
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original purchase price is substantial and significant in most specifications, suggesting it is
important to separate the LTT effect from that of other transaction costs.

While not the focus of this paper, Table A.6 presents the estimated effect of the new LTT
on sales prices and on time-on-the-market using transactions-level data. All else equal, the LTT
causes a 1.74% decline in prices, accompanied by an increase in time-on-the-market. As shown
in Table A.12, the effect on the sales price estimated with transactions-level data is consistent
with the average sales price effects estimated using market-segment data, and is robust to using
a shorter or longer sample period.

3. ADUAL RENTAL AND OWNERSHIP MARKETS MODEL OF HOUSING

This section presents a model to explain the differential effects of transaction taxes across the
rental and ownership markets found in Section 2, and to quantify the welfare costs of such
taxes. Households make housing tenure decisions subject to credit frictions. Investors choose to
enter the housing market, and households choose where to live. Within the rental and ownership
markets, households make moving and housing transaction decisions subject to search frictions
in locating properties to view and idiosyncratic household-property match quality.

There are two regions, the first representing the City of Toronto where the city-level LTT was
introduced, and the second representing the rest of the GTA. The city has a unit measure of ex
ante identical properties and two markets for housing, a rental market and an ownership market.
Time is continuous, and everyone discounts future payoffs at rate r. Households in the city exit
exogenously at rate p, for example, for work or family reasons, and the flow of new entrants
depends on the payoff from living in the city. Investors can enter freely, becoming landlords and
renting out properties. Investors simply represent funds held in real estate—they could be living
within the city or elsewhere. Landlords are subject to shocks arriving at rate p; that force them
to sell their property, for example, for liquidity reasons.

Properties are either offered for rent (measure u;), up for sale (measure u,), or not cur-
rently available in either market. The subscripts / and o denote the rental and ownership markets,
respectively, and the dependence of variables on time ¢ is not indicated explicitly. Properties are
owned either by landlords or by those who live in them as owner-occupiers. When not for rent
or sale, properties are occupied by a tenant (measure ¢;) or an owner-occupier (measure g, ). The
unit measure of properties in the city must each be in one of these four states:

q+aqn+u +u, =1 e

Households are looking for a property to move into if they are not currently occupying one. They
make a tenure-choice decision and search either in the rental market (measure b;) or the own-
ership market (measure bj,), where the subscript i denotes those households who have chosen
to be homeowners. The fraction of such households within the city is also denoted 4, referred
to as the homeownership rate. A household occupies at most one property at a time, so the city
population n must each be in one of four states:

qn + by,
—

q+qn+b+b,=n, and h= )

3.1. Tenure-choice decisions

Households looking for a property decide whether to search in the rental market or as home-
buyers in the ownership market. Entering the ownership market for the first time as a “first-time
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buyer” requires paying an idiosyncratic credit cost K. This can be thought of as household-
specific factors affecting the cost or availability of a mortgage, such as the household’s credit
history or wealth available for a downpayment.”® More specifically, the distribution of K across
households is calibrated using data on loan-to-value ratios and spreads between the risk-free
interest rate and mortgage rates for average and marginal home-buyers. Once the credit cost has
been paid, a household is free to return to the ownership market later.

After drawing its credit cost K, a household compares the value B;, of being a home-buyer
to the value B; of searching for a property to rent. Households with sufficiently low credit costs
K < Z enter the ownership market, where the credit-cost threshold Z for a marginal home-buyer
indifferent between the two markets is the difference between B;, and B;:

B,— Z =B, 3)

Credit costs are drawn from a probability distribution with cumulative distribution function
T'x(K) by the flow a of households who are newly arrived in the city, and are redrawn by a
fraction ¢ of tenants who move. Tenants who do not redraw their credit cost remain in the rental
market, and owner-occupiers who have already paid the credit cost remain in the ownership mar-
ket until they exit the city. The fraction x of households drawing a credit cost below the threshold
Z pay credit costs of K on average, and these variables and the flow y of first-time buyers are

k=Tw(Z), K=E[K|K<Z], and y=(mq +a)kx, 4)

where the g; existing tenants move at rate m;.

3.2. Location choices

Households newly entering the city pay a common entry cost E, draw a credit cost K, and make
a tenure-choice decision as described above. The expected value N of a new entrant is

N =x(B, —K)+ (1 —x)B, — E, 5)

where By, and B; are the values conditional on tenure choice, and x and K are as defined in (4).
The flow of new arrivals a to the city is positively related to a comparison of the value N and the
value of being in the region outside the city, where that value is normalised to zero without loss
of generality. New arrivals and the dynamics of the city population n are

a =max{pn + yN,0}, where y >0, and n=a— pn, (6)

where 7 denotes the derivative of n with respect to time ¢. The parameter y represents the sensi-
tivity of the endogenous inflows to the value N of entering the city. When N is positive, the city
attracts more new households than the exogenous outflow pn and the total measure of house-
holds increases. When N = 0, new entrants are indifferent, and it is assumed inflows match
exogenous outflows to leave the population stable with some turnover of households for exoge-
nous reasons such as work and family. When N < 0, housing-market conditions deter some
households from coming, resulting in a decline in the city population.

While living in the city, all n households receive a per-person flow benefit g = G/n from
public spending G on city amenities irrespective of their tenure status.

28. The credit cost K is modelled as a one-off cost, but this is equivalent in the model here to a present value of
flow credit costs paid for a period of time while a household is an owner-occupier.
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3.3. The rental market

Existing tenancies. Tenants living in a landlord’s property receive an idiosyncratic flow value
¢ specific to the match between the property and the household. Match quality ¢ persists until
shocks arriving at rate o; independently across tenants and across time reduce it to zero. There is
no commitment or long-term contract between landlord and tenant: either can end the relation-
ship at any subsequent time. Ongoing negotiations between landlords and tenants, both knowing
&, allow a tenant to occupy a property in return for paying rent R(¢).

The value of a landlord whose property is currently occupied by a tenant with match quality
¢ is L(¢), and the tenant’s value is W (¢). The landlord’s surplus from the match is X,,;(¢) =
L(g) — max{U,, U,}, where Uj is the value of having a property available to let and U, is the
value of putting a property up for sale. If a tenant were to move out, landlords choose the best
of these options. Properties are ex ante identical prior to matches forming, so U; and U, are
independent of ¢. The tenant’s surplus from remaining in the property is >, (¢) = W(e) — By,
where the outside option is the value B; of going back to the rental market to look for another
property. The tenant cannot receive a new draw of the credit cost K simply by the threat to move
out. Any past transaction or moving costs are sunk at this point and hence do not appear in the
surpluses. The joint surplus X, (&) = X,;(€) + X (€) is

Yu(e)=LE)+ W) —-U — B, @)

supposing U; > U,, as is confirmed later. This joint surplus is increasing in ¢, and rent negotia-
tions ensure matches survive for as long as it remains positive. Owing to sunk transaction costs,
a landlord-tenant match ends only if the tenant receives a match quality shock (arrival rate a;)
or leaves the city (rate p), or if the landlord is forced to sell up by an exit shock (arrival rate p;).
Tenants’ moving rate m; within the city is then

m=a;+ pr. (®)
The Bellman equation for tenants’ value function W (¢) is
rW(e) =e—R(e) + g +m (Ek(By = K) + (1= E0)B = W(e)) = pW(e) + W(e), (9)

where ¢ — R(¢) is the flow benefit of occupying a particular property net of the rent paid, and g
is the flow benefit of residing in the city. When the tenancy ends without the household leaving
the city (rate m; from (8)), the household draws a new credit cost with probability &, and there
is a probability x from (4) it is low enough that the household chooses to become a home-buyer
(value By,) after paying a credit cost of expected value K . With probability 1 — &x, the household
keeps the same tenure status and returns to the rental market (value B;). Households ending their
tenancy because they leave the city (rate p) receive value zero outside the city.
The Bellman equation for landlords’ value function L(¢) is

rL(e) = R(e) — D — Dy + (a1 + p)(U; — L(e)) + pi(U, — L(¢)) + L(e), (10)

where R(¢) is the rent paid by the tenant, D is a flow maintenance cost incurred by all property
owners, and D; is an extra maintenance cost incurred when a property is let. When tenancies
end because the tenant wants to move out (combined rate a; + p), the landlord decides to look
for another tenant (supposing U; > U,, this is preferable to selling the property). If landlords are
forced to exit (rate p;), they sell and receive value U,.

Rents are set through Nash bargaining, where landlords’ bargaining power is ;. The bar-
gaining problem maximises the Nash product (X,;(£))* (Z,w (€)= of the landlord and
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tenant surpluses >,(e) = L(¢) — U; and X, (¢) = W(e) — B; with respect to R(g) without
any commitment to future rent payments. Since the rent is just a transfer between the par-
ties, 0%,(€)/OR(e) = —0X,,,(e)/OR(¢), as can be seen from equations (9) and (10). The
first-order condition is X, (&) /X, (€) = /(1 — @), so the parties receive 3, (e) = w; %, (¢)
and X, (e) = (1 — w;)X, (¢) that share the joint surplus (7) in proportion to their bargaining
powers. The average rent across all surviving tenancies is denoted by R.

New tenancies. The rental market has a measure b; of households looking to rent and a
measure u; of available properties offered by landlords. The ratio of these is the “tightness” of
the rental market, denoted by 6. Search frictions limit the speed at which households can meet
landlords and view their properties, where a viewing reveals potential match quality and allows
offers to be made. The meeting rates of participants on both sides of the market are determined
by the constant-returns-to-scale meeting function Y;(b;, u;), with v; = Y;(b;, u;)/b; being the
rate at which households view rental properties. The meeting function having constant returns
to scale means v; and landlords’ meeting rate 6;v; are functions of market tightness 6;:

Y, (b (b, b
=T gy, g T g hereg = )
I t “

The meeting function is increasing in both b; and u;, hence v; decreases with 6, while 6;v,
increases with ;. Intuitively, if there are more “buyers” relative to “sellers” in the rental market,
the meeting rate is lower for those viewing properties, but higher for those with property to let.

Viewings reveal potential match quality, with ¢ drawn from a probability distribution with
CDF I';(¢) when a household views a landlord’s property. If mutually agreeable, the household
moves in and becomes a tenant. Prior to the revelation of ¢, all landlords and households in the
rental market are ex ante identical.

The Bellman equation for the value U; of a landlord having a property available to let is

U =—D+ 91Vz/maX{L(€) 4 AG) — C — Up, 0)dTy(e) + piUs — UD + Up. (12

A landlord meets households who are potential tenants at rate §;v;. If a tenant with match quality
& moves in, the landlord incurs transaction costs C; and receives a one-off agreement fee A(e)
negotiated with the tenant. After this, the landlord’s value of having a tenant with match quality
¢ is L(g), which includes the ongoing negotiated rents. The value B; of a household searching
for a property to rent satisfies the Bellman equation:

rBp=g—F+ vl/max{W(g) —A(e) —Cy — B;,0} dTy(e) — pB; + Bz, (13)

where F; is the flow cost incurred while searching for a rental property, and v; is the rate at which
households make rental-market viewings. A household moving into a property directly incurs a
moving cost Cy, as well as paying the agreement fee A(¢) to the landlord.

At the stage when a household has viewed a rental property with match quality e, the
surpluses from agreeing a tenancy are Y (¢) = L(¢) + A(e) — C; — U, for the landlord and
Yiw(e) = W(e) — A(e) — C,, — By for the tenant. If the landlord agrees to the tenant moving
in after paying a fee A(e) then the two parties incur costs C; and C,,, respectively.?’ The joint

29. The transaction costs C; and Cy, are a type of fixed matching cost, for example, the costs of finding out about
the tenant, because they are incurred before bargaining over the rent takes place (see Pissarides, 2009).
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surplus ¥ () = Xy (e) + Xy (e) is
Yie)=L(e)+W()—U —B —C —C,, (14)

and negotiations lead to a tenancy if this is positive. Since ¥;(¢) is increasing in ¢, a tenancy is
mutually agreeable if ¢ > y;, where the leasing threshold y; is the level of match quality ¢ where
the joint surplus is zero:

() =0. (15)

The probability a viewing leads to a tenancy is 7; = 1 — I';(y;). There is Nash bargaining over
the agreement fee A(¢), with landlords having the same bargaining power «; as in subsequent
rent negotiations, and this implies the same division of the joint surplus 3, (g) = w;%;(¢) and
Yiw(e) = (1 — )X () as prevails when rents are agreed.

Comparison of the joint surpluses (7) and (14) before and after a tenant moves in shows
that ¥ (e) = X, (¢) — C; — C,,.*° Since the landlord’s surplus at the meeting stage is X;;(¢) =
Yupi(€) + A(e) — C; in terms of the surplus X,;(¢) after the tenancy is agreed, the fee-
bargaining equation combined with the rent-bargaining equation X, (¢) = w; %, (¢) imply that
the outcomes of the initial negotiations when tenants move in are

A(e)=A=(—-w)C, —wC,, and R:nl/ R(e)dT(¢), (16)
LSy

where the agreement fee A is independent of ¢, and R is the average rent on a new tenancy. The
flow of new leases S; and the rate s; at which available rental properties are leased are

S
S[ = vlmbl, and N —l = Hlvlm. (17)
up

The laws of motion for the stock of occupied rental properties g;, the measure of households b,
searching in the rental market, and the stock of available properties to let u; are

G = sju; — (m; + p)qy, (18)
b= (1—¢)mg + (1 —k)a — (v + p)b;, and (19)
= (o +p)qi + Si — (st + prug, (20)

where S; denotes the flow of purchases by investors bringing properties into the rental market.

3.4. The ownership market

Owner-occupiers. Households occupying a property they own receive a match-specific flow
value ¢. Match quality ¢ is a persistent variable subject to occasional shocks representing life
events that make a property less well suited to the household occupying it than before. Shocks
arrive independently across households and across time at rate a;, and the arrival of a shock
reduces match quality from ¢ to d,¢&, where ), < 1 is a parameter.>' Following a shock, owner-
occupiers decide whether to move and start searching for another property to live in, putting their

30. This means 3, (y;) = C; + Cy is positive when tenants move in, so moving generally occurs only after a
shock.
31. The model has no shocks that increase match quality, but such shocks would not cause households to move.
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current property up for sale.*?> Moving is endogenous and depends on how low match quality
has become relative to expectations of match quality in an alternative property.
The Bellman equation for an owner-occupier’s value H (g) with match quality ¢ is

rH(e) =e+ g — D+ a; (max {H(d,¢), B, + U,} — H(¢)) + p(U, — H(¢)) + H(e). 201

An owner-occupier receiving a match-quality shock decides whether to remain in the property
and receive value H (d;¢), or to move out and become both a seller and a home-buyer, which has
a combined value B;, + U,. Since the value function H (¢) is increasing in &, owner-occupiers
decide to move if current match quality becomes sufficiently low. The condition for moving is
ope < xp,, where the moving threshold x;, is the level of match quality such that the value of
continuing to occupy a property equals the sum of the outside options B;, and U, of being both
a buyer and a seller in the ownership market:

H(xh) = Bh + Uo~ (22)

A parameter restriction is that match-quality shocks are sufficiently large (dj, is far enough below
1) so that some, but not all, owner-occupiers move after only one idiosyncratic shock.

Sellers and buyers. The ownership market has a measure of sellers u, and a total measure
of buyers b, comprising both home-buyers b, and investors b;. Just as in the rental market,
search frictions limit the speed at which sellers and buyers can meet, which is necessary for
buyers to view properties. There is a constant-returns-to-scale meeting function Y, (b,, u,) for
the ownership market that determines the meeting rate v, of buyers:

T b [ — b()
- % =7, (1,6,"), whereb, =by+b; and 6,=-2, (23)
o uO

Vo

and this meeting rate is a decreasing function of ownership market tightness ,. The meeting
function here can differ from the one in the rental market. Sellers’ meeting rate is 6,v,,, and the
probabilities that a given meeting is with an investor or a home-buyer are y and 1 — y:
Y,(b,, u b;
M = To(eoa 1) =0,v,, and V= _l’ (24
Uo b,
where random search means that the probability y is the fraction of investors among all buyers.
Since properties are ex ante identical, those who were owner-occupiers or landlords both
have a common expected value U, from selling a property. The Bellman equation for U, is

on =-D +90V0 ((1 - w)/max{Ph(s) - Co - Um O} drh(g)
+y max {P; — C, — U,, 0}) +U,, (25)

where C, is a transaction cost paid by sellers. After meeting a potential buyer who views the
property, revealing a home-buyer’s match quality, the buyer and seller negotiate a price and

32. Implicitly, a decision-making cost dissuades owner-occupiers from moving if no shock has been received.

33. In the rental market, match-quality shocks with arrival rate o; reduce ¢ to zero, which effectively means
having a parameter J; of zero there. It is possible to extend the model to allow for J; > 0, however, it turns out that endo-
geneity of moving by renters within the rental market is quantitatively unimportant here, so d; = 0 acts as a simplifying
assumption. Note that the shock arrival rates aj, and a; can differ by housing tenure.
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a transaction occurs if mutually agreeable. The price may depend on the known type of the
buyer and on the match quality. All investors pay the same price P; because they face the same
expected rents when their property is let, but home-buyers pay different prices P (¢) because of
idiosyncratic match quality.

The land transfer tax (LTT) is a proportional tax levied on the transaction prices paid by
buyers. Home-buyers and investors face tax rates 7, and t;, which in principle can differ. With
a flow of S, home-buyer purchases at average price P, and S; investor purchases at price
P;, the tax revenue available to spend on public goods G yielding benefit g per city resident
is

G
G=1PS,+1PS;, and g=—. (26)
n

Home-buyers. The Bellman equation for the expected value B, of being a home-buyer is
rBy =g —F +Vo/maX{H(€) — Cp — (1 + 7)) Py(e) — By, 0} dT(e) — pBy + By, (27)

where Fj, is a flow search cost incurred while looking for and viewing properties. Buyers make
viewings at rate v,, revealing match quality ¢ drawn from distribution I';(¢), which can dif-
fer from I';(¢) in the rental market. If a transaction with price P,(¢) goes ahead, 7, P (¢) is
the tax paid by the home-buyer, other transaction costs Cj, such as moving costs are incurred,
and the home-buyer obtains value H(¢) of being an owner-occupier of a property with match
quality ¢.

House prices are determined by Nash bargaining between buyers and sellers. If the seller
of a property meets a home-buyer who draws match quality & and were to agree to sell at
price Pj(¢) then the home-buyer’s surplus is X, (¢) = H(¢) — (1 + 7)) P, (¢) — C, — Bj, and
the seller’s surplus is ¥, (¢) = Py(¢) — C, — U,. The Nash bargaining problem is to choose
P;,(¢) to maximise (3, (€))” (Zpy(e))! =, where wy, is the seller’s bargaining power when
facing a home-buyer. The first-order condition is (1 + ;) %y, (€) /X (e) = w, /(1 — wy), which
determines how the joint surplus ¥, (&) = Xy, () + 25, (¢) is to be shared.

In the absence of a proportional transaction tax tj, the surplus would be divided according to
bargaining powers in line with the usual Nash rule. However, the tax skews the surplus division
in favour of the buyer because the joint surplus X, () = H(¢) — C, — C, — By, — U, — 1, P, (¢)
is raised by agreeing a lower price, and this lower price increases the buyer’s share. The resulting
split of the surplus is ¥4 () = (1 — w};) Xy (e) and Xy, (e) = wj; 25 () with the seller’s share wj;
being below the parameter w;,. The price achieving this division is P, (¢) = C, + U, + w; X (€).
The joint surplus after tax and the seller’s share that emerge from the bargaining are

HE)—-C,— B, —(1 C U,
Su(e) = (&) =Ch — By — (1 + 74)(C, + U,) ——
l—i—‘L'hCUZ

Sl (=)

(28)

As match quality ¢ is observable and surplus is transferable, transactions go ahead if the total
surplus is non-negative. Since H (¢) is increasing in ¢, this occurs if ¢ > y;,, where the transaction
threshold yj, is the level of match quality where the joint surplus is zero:

Xn(yn) =0. (29)
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The probability that a viewing by a home-buyer leads to a transaction is 7, = 1 — I';,(y;), and
the average home-buyer transaction price P, paid is

1 193

Pi=— [ Pu(e)dTu(e) =2

b Sy

"y, +U, whereY, = / () dTi(e),  (30)
Yh

Tp

with Y, denoting the ex ante joint surplus from a home-buyer viewing prior to ¢ being realised.
The laws of motion for home-buyers b;, and the stock of owner-occupied properties g, are

by = muqn +7y — (vomy + p)by  and (31
gn = Sp — (my + p)gn, where S, = vompby, (32)

and m, is the endogenous rate at which owner-occupiers move within the city.

Investors. The Bellman equation for the value / of being an investor who buys at price P; is
rl=—F+v,U—-(0+t)P—C—1)+1, (33)

where F; is the flow search cost incurred by investors until they buy, 7; P; is the amount of tax
paid, and C; is any other transaction costs. Investors meet sellers at rate v,,, and because investors
have no idiosyncratic match quality with properties themselves, this is also the rate at which
they are able to buy. After buying, investors make properties available for rent and receive the
common expected value U; of being a landlord.

After meeting a seller, an investor’s surplus is 3; = Uy — (1 + 7;) P; — C; — I and the
seller’s surplus is ¥;, = P, — C, — U,. If there are mutual gains from a deal, the price P
is determined by Nash bargaining, where the seller has bargaining power w; when facing an
investor. The joint surplus ¥; = ¥;; + X;, is split according to (1 + 7;)%;,/%i = w; /(1 — w;),
so the tax 7; shifts the division of the surplus ¥;; = (1 — w¥)%; and ¥;, = w}'%; in favour of
investors with ! < ;.

Since there is no match quality in the joint surplus ¥, = U, — C; — C, — U, — I — 1; P;,
either all investors are willing to buy or none is, so an equilibrium with an active rental market
requiring entry of investors occurs if and only if 3J; is non-negative. If this is true, investors buy
properties at the rate v, they meet sellers, and the price paid by all investors is

Wi

Pi=Co+ U, + %, wherew]=_——7"+-——. 34
+ U, + o; where o; o —) (34)

The flow S; of sales to investors, and the share i of these transactions among all sales S, are

Si Y

=— "  whereS,=8,+S, (35)
So W+ —y)m, "

S,’ = Vob,‘, and i =

the expression for i following from equations (24) and (32). The rate s,, at which sellers complete
transactions and the breakdown into home-buyer and investor purchases are

So .
So=— =0,v, (w+ (1 —yw)my), withS; =is,u, and S, = (1 —1i)s,u,. (36)

Uo

The average transaction price is P =i P; + (1 — i) P,.
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Investors are free to enter the ownership market to buy properties and become landlords. The
measure b; adjusts so that at all times the value of entry by further investors is zero:

1=0. (37)

The Bellman equation (33), the price (34) for investor purchases, and the free-entry condition
(37) imply that the joint surplus ¥; = U; — C; — C, — I — 1; P; satisfies

U -0+9)U, -(0+5)C-C  F

i = 5
1 + ;0] (1 — ),

(38)

which shows the surplus ¥; rises with the tightness 6, of the ownership market. Intuitively, the
viewing rate v, decreases when there are more buyers relative to sellers, so investors must be
compensated in equilibrium by a higher surplus (1 — })3}; for them to enter. Note that a non-
negative joint surplus 3J; implies the value U; of having a property to let is always above the
value of having a property for sale U,. Thus, after purchasing a property, an investor always
prefers to keep it rented out, and landlords sell properties only when hit by exit shocks.**

The law of motion for the stock of properties for sale u,, is

’/‘la = (mh + P)Clh + pl(ql + I/t[) — Solly. (39)

Properties come up for sale if and only if owner-occupiers move within or exit the city, or
landlords are hit by an exit shock, irrespective of whether their properties are currently occupied.
A summary of the stocks and flows in the model is shown in Figures A.4 and A.5.

3.5. Functional forms

Solving the model requires specifying probability distributions of credit costs and initial match
qualities revealed by viewings, and the functional forms of the meeting functions. New match
qualities ¢ are drawn from Pareto distributions indexed by j € {h, [} for home-buyers (k) and
tenants in the rental market (/):

=4 A\
Fj(g)=1—(éi) for j € {(h, 1}, andhencenjz/dl"j(g)z(?) . (40)

J Yj J

with ¢; being the minimum possible draw of ¢ and A; > 1 specifying the distribution shape, in
particular, how compressed are realisations of ¢ towards the minimum. Expected match qual-
ity from a market-j viewing is E;[e] = ¢j4;/(4; — 1), and the transaction probabilities 7 ; are
decreasing in the thresholds y; relative to ¢;. The Pareto distribution also provides a closed-
form expression for owner-occupiers’ endogenous moving rate m,, in the laws of motion (31)
and (32).% As shown in Appendix A.2.2, m;, depends on the moving threshold x;, and the history
of past home-buyer viewings:

angy' ' x [ ~(prar1-5)a-1)
my = ap — / e " (1 — y(T)O(T)W,(Tu,(T)dT, (41)
T

qdh

——00

where u,(T) denotes the level of u, at time 7, and similarly for other variables.

34. In other words, pure “flippers”—those who buy and sell shortly afterwards—are not present in the model.
35. The condition that some owner-occupiers require only one shock to trigger moving is o, y, < xj,.
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The distribution of credit costs K is log Normal:

1 I'% d (longyﬂrz)
0 — — o2 o
Iv(K)=2a (u) , implying K = et 7 ———— 2 (42)
o ® (lgﬂ)

where i and ¢ are mean and standard deviation parameters and ®(-) is the standard Normal
CDF. The meeting functions Y ;(b;, u;) indexed by j € {0, !} for ownership (o) and rental
markets (/) have Cobb-Douglas functional forms:

Tibj,u;) = vjb;f”ju'j?", and hence v; = vﬂ]'”, (43)
where v; is productivity in arranging viewings in market j, and #; are the elasticities of buyers’
and renters’ viewing rates with respect to market tightnesses 6; = b; /u;.

3.6. Welfare

To assess the potential deadweight losses of transaction taxes both across rental and ownership
markets and within each market, the welfare measure should include everyone who either pays
or receives prices or rents. Welfare (2 is the sum of the value functions of all incumbents in the
city (homeowners, tenants, landlords, and including owners of unsold houses who have left the
city) plus the values of those who enter the city. Exit from the city (with value 0) is already
accounted for in incumbents’ values.

The welfare analysis takes into account that tax revenue is spent on public goods G of an
equal value (see (26)) because the per-person flow benefits g = G/n appear in the Bellman
equations of city residents. The expected payoff of someone entering the city is N from (5) and
a is the flow of new arrivals from (6), so the present value 2, of these payoffs for all entrants
satisfies the Bellman equation r{2, = aN + Qa.

With H, L, and W denoting the average values of H(¢), L(g), and W (¢) over the distri-
butions of ¢ for all surviving matches (in ¢g; for H, and in q; for L and W), total welfare
is Q=g ,H +q(L+ W) +b,B, +b; B+ b;I +u,U, +uUy + Q. Appendix A.2.7 shows
that the measure of welfare 2 satisfies the differential equation

rQ=qgyVy+qVi— D —q D — b, Fj, — bjF; — b F; — §,Cy, — S;C; — S,C,
—8(C,+Cy)—yK —aE +Q, (44)

where V, and V; denote average current match quality ¢ across the g; owner-occupiers and g;
tenants respectively.*® Prices and rents drop out from €2 because these are just transfers among
market participants who are all included in the welfare measure. Maintenance costs D and Dy,
flow search costs Fj,, F;, and Fj, non-tax transaction costs Cy,, C;, C,, C;, and C,,, credit costs
K, and entry costs E are resource costs that show up as deductions from welfare. This is because
transaction costs reflect the time and resources of market participants and intermediaries that are
consumed in completing transactions. Likewise, credit costs, for example, interest-rate spreads
on mortgages, are treated as reflecting resources used up by banks. Transaction tax revenue is
not deducted from (44) because it pays for public goods of an equivalent value.

36. This assumes all private benefits of owning or renting properties are social benefits. It is possible to envisage
other policy distortions that might drive a wedge between private and social benefits such as the tax treatment of owners’
implicit rental income or mortgage-interest deductibility.
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The average match qualities Vj, and V; appearing in the welfare equation (44) are shown in
Appendix A.2.6 to satisfy the following pair of differential equations:

y 1—i olto 4 4
Vi = (= sou "y = Vi) = (@ —mp) (Vi — ~—x;) and (45)
qh Ap — 1 Ay — 1
. Siug /11
V/Z—( yz—Vz), (46)
a \A4—1

which depend on differences between V;, and V; and average new match qualities Ay, /(1;, — 1)
and A;y;/(4 — 1) in the two markets, and between V) and average surviving match quality
Apxp /(A — 1) after match-quality shocks are received by owner-occupiers.

3.7. The steady state of the model

For constant tax rates 7, and 7; and other parameters, the model predicts convergence to a steady
state for aggregate variables such as the fractions of properties and households in the various
states (qn, g1, Uo, Ug, by, by). While individual households are subject to idiosyncratic shocks
affecting their match quality and housing tenure, there are stationary distributions of match
quality in the rental and ownership markets. The relationships between steady-state values of
variables and parameters are used to calibrate these parameters, allowing quantitative predictions
about the effects of transaction taxes and their implications for welfare.

The calibration strategy described later makes use of a number of steady-state predictions
of the model. For example, since home-buyers complete transactions at the same average rate,
equation (31) implies the steady-state fraction of first-time buyers is ¢ = y /(y + mug;), where
y and myq;, are respectively the flows of first-time buyers and owner-occupiers who move
within the city. Other steady-state moments, such as the average age difference N\ between
owner-occupiers and tenants, are derived in Appendix A.3.5.

Given transaction probabilities 7z; and 7, for households conditional on a viewing, the aver-
age number of viewings made before renting or buying a property are A; = 1/z; and A, = 1 /7y,
respectively. With renters and buyers making viewings at rates v; and v,, the expected times
taken to find a property to live in are Ty; = 1/(v;z;) and T, = 1/(v,x),) for these two groups.
Taking account of exit from the city, the expected lengths of time tenants and owner-occupiers
live in a particular property are 7,,; = 1/(m; + p) and T,,;, = 1/(m,, + p), respectively. Finally,
from the perspective of property owners, the expected times on the market to lease or to sell are
Ty =1/s;and Ty, = 1/s,,.

4. STEADY-STATE EFFECTS OF TRANSACTION TAXES

The effects of higher transaction taxes 7, and ; in the model are determined by the behavioural
responses of tenants, owner-occupiers, investors, and new entrants, which have implications both
across and within the rental and ownership markets. This section lays out the intuition for how
the model explains the empirical findings in Tables 1 and 2. It focuses on the long-run tax effects,
which are understood through the impact on the model’s steady state, deferring discussion of
short-run effects to Section 5 where the model’s transitional dynamics are presented.
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4.1.  Behaviour of households

There are three household behavioural responses to a higher tax rate 7. First, equation (28)
shows higher 7;, has the direct effect of reducing the joint surplus X, from purchases by home-
buyers due to part of the surplus being absorbed by higher taxes. This happens because the cost
of transactions both now and when moving again in the future becomes larger. The fall in the
joint surplus reduces the value of being a home-buyer,?” as is seen from the steady-state Bellman
equation (27):

r+p)By = (1 — wp)voXy + 8 — Fi. (47)

The fall in the home-buyer value Bj, reduces tenants’ incentive to enter the ownership market.
In the indifference condition (3) for the marginal first-time buyer, the equilibrium credit-cost
threshold Z falls, which means there are fewer first-time buyers y according to (4).

Second, a higher tax rate 7;, raises the cost of moving, which makes owner-occupiers more
tolerant of worse match quality, manifested in a lower moving threshold x;,. Just as the smaller
joint surplus >J; means a fall in the value B;, of being a home-buyer, it also reduces the value U,
of being a seller, noting that the steady-state Bellman equation of a seller (25) is

rU, =6,v, (a);(l — )X, + w?‘z//Ei) - D. (48)

A seller’s value is a weighted average of the expected values from selling to a home-buyer or an
investor. When the share of investors y is small, the fall in the joint surplus X, is the dominant
effect and U, declines. Together with the fall in By, (22) shows that the moving threshold x;, is
lower, which results in longer average times between moves 7,,;, given (41).

Finally, home-buyers become pickier when 7, rises, that is, they choose a higher transaction
threshold y,. As moving decisions are endogenous and match quality has persistence, home-
buyers can reduce the future incidence of moving—and lower the tax they expect to pay—by
starting with better match quality. This intuition is confirmed by (29) where the joint surplus
is an increasing function of y, ((21) shows owner-occupiers’ value H (¢) is increasing in &). A
higher tax 7, reduces the joint surplus, requiring higher y, for the marginal joint surplus to be
zero. This higher transaction threshold results in longer average times taken to sell Tj,.*

All three household responses to a higher tax rate 7, contribute to a fall in buy-to-own
transactions S, by reducing purchases made by first-time buyers and existing owner-occupiers.

4.2.  Behaviour of investors

Similar to the effect on owner-occupiers, the direct effect of a higher tax rate z; is to reduce
entry of buy-to-rent investors. However, investors who become landlords do not have to sell
their properties and pay the transaction tax again just because a tenant moves out. They are in a
different position from owner-occupiers, who have to buy again and pay the tax every time they
move. Buy-to-rent investors thus have an implicit tax advantage—even if they face the same tax
rates. Intuitively, investors can spread the transaction tax over a longer holding period, which
reduces the negative direct effect of the tax on their entry decision.

It is not straightforward directly to estimate average holding periods of investors owing to
constraints on available data and the right-censoring problem arising when the sample is not

37. While higher 7, increases buyers’ share 1 — «j' of the joint surplus, since (1 — })/(1 + 7, 0}) =1 — oy,
using (28), the overall effect of 7, on (1 — a)l’:)Eh is unambiguously negative. Higher taxes also increase g in (47), but
that affects all city residents equally and does not lead to a behavioural response of those already living in the city.

38. Asis shown empirically in Table A.6.
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long enough to observe investors’ completed holding periods. However, information on the flow
of buy-to-rent transactions and the stock of properties rented out can be used to derive investors’
implied average holding period relative to that of owner-occupiers.

The logic is that a relatively longer holding period of investors is an implication of investors’
share i of transaction flows from (35) being smaller than their share of the stock of properties,
which is closely related to 1 — &, where A is the homeownership rate from (2). To see this, note
that the average holding period of investors in the model is the inverse of their exit rate p;.
Tenants” moving rate (8), the laws of motion (18) and (20), and investor transactions from (36)
imply the stock of properties g; + u; in the rental market satisfies

G + 1y = isou, — pr(qr + up). (49)

This shows that buy-to-rent as a share i of all transactions governs inflows of properties into the
rental market, while investors’ exit rate p; governs outflows of properties.

Using the homeownership rate & = (g, + by,)/n from (2), the law of motion for the stock of
owner-occupied properties in (32), and the fact that b, and u; — b; are very small relative to g,
the steady-state average holding period of an investor relative to that of an owner-occupier is*

1—h ' by —b
m’”Lpav,( )/( ’_) as 2~0 and 7% x, (50)
y2i h 1—1i qn qn

In Toronto before the transaction tax increase, the buy-to-rent share i of transactions was about
5%, whereas the homeownership rate & was 54%. This means that the average holding period of
an investor must be much longer than the average holding period of an owner-occupier. In other
words, the amortised flow cost of the same transaction tax is much smaller for investors.

An important consequence of these observations is that the direct effect of a transaction tax
on investors is smaller than its direct effect on owner-occupiers. In the rental market, the direct
effects of a higher tax are reduced entry of investors while entry by newly arrived households is
increased and exit by existing tenants decreased. All of these developments increase the tightness
of the rental market and push up the rent-to-price ratio. Through the free-entry condition (38), the
equilibrium effect of the higher rent-to-price ratio creates incentives for more investors to enter.
If the average investor holding period is sufficiently long so that the direct negative effect of the
tax on investors is weak and dominated by the positive equilibrium effect, the model implies a
rise in buy-to-rent transactions and a fall in the homeownership rate.

4.3. Behaviour of new entrants to the city

For given house prices, a higher transaction tax implies a fall in the expected value of being an
owner-occupier in the city. While the imposition of the tax directly makes entry less attractive
for households that might become owner-occupiers, this is offset by the extra public spending
that the tax revenue finances, from which all city residents benefit.

As the housing stock of the city is fixed, and since houses must be owned or rented by
someone in equilibrium, the value of living in the city must adjust through house prices or
rents so as to leave the population approximately constant. This continues until households are
indifferent between entering or not, that is, N = 0 in the new steady state (see (6)).

39. Using equations (32) and (49), the exact expression for (50) is

mptp _ ﬂ(l_ by, )—l+u,—bl (,7)
Pl h qn+bp qn —i):
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5. QUANTITATIVE EFFECTS OF TRANSACTION TAXES

This section uses the model from Section 3 to study quantitatively the effects of transaction taxes
such as the Toronto LTT. The model quantifies the differential effects on owner-occupiers and
investors, even when both groups face the same tax rate, as they did in Toronto before and after
the increase in the LTT. The model also quantifies the tax effects on leasing activity in the rental
market and the price-to-rent ratio. Finally, the model is used for a quantitative assessment of the
welfare costs of transactions taxes.

The empirical estimates of the LTT effects from Section 2 rely on comparing the City of
Toronto to other areas in the GTA before and after the introduction of city-level LTT. The
estimated effects inside the city were derived using a difference-in-differences approach across
the city border as the aim was to isolate the impact of the LTT from other changes. Thus, the
quantitative predictions of the model can be directly compared to the empirical estimates.

As explained in Section 2, the effective LTT rate in the City of Toronto rises by 1.3 per-
centage points in February 2008 (from 1.5% to 2.8%, see Table A.2). The model is calibrated
so that it matches the estimated effect of the LTT increase on the hazard rate of moving for
owner-occupiers. The model’s predictions for other untargeted moments then serve as a basis
for external validation.

The model is solved with the effective transaction tax rates prevailing in the City of Toronto
before and after the new city-level LTT was introduced. A full solution of the model’s dynamics
is obtained to compare to the empirical results in a given window of time after the tax increase.
The change in the tax rate is treated as unanticipated, and no further changes are expected, which
corresponds to a perfect-foresight equilibrium of the model.

Starting from an initial steady state of the model, which can be found using the method set
out in Appendix A.3, the analysis derives the transitional path to the new steady state after the
tax increase. The dynamics are computed by first discretising the system of differential equations
describing the model, replacing them with difference equations where a discrete time period is
equal to one day. The non-linear system of difference equations is then solved computationally
as explained in Appendix A.4 using knowledge of the new steady state.

5.1. Calibration

The parameters of the model are calibrated so that its steady state fits features of the markets for
renting or purchasing property in the City of Toronto in the period January 2006—January 2008
before the LTT change when the effective tax rates were 7, = 7; = 0.015. The list of calibration
targets is given in Table 3 and the implied parameter values are reported in Table 4.

To give an overview, there are two broad sets of targets for the pre-tax-change steady state.
The first set of targets is directly imposed and the second set comprises targets matching particu-
lar empirical observations. The data sources of all the empirical targets are detailed in Appendix
A.5. The calibration procedure that links targets to parameters and shows how to compute the
exactly matching parameter values is set out in Appendix A.6. The discussion below provides
some intuition behind the procedure, though in general, individual parameters are often linked
to several pieces of information.

5.1.1. Directly imposed targets. The calibration targets a city population n equal to the
measure 1 of properties. The sensitivity y of the flow of new households to the value of entering
the city is set to 1, but as discussed later in Section 5.4.2, this parameter has only a negligible
impact on the results. In place of a direct measure of the entry cost E, this parameter is set so
that the value B; of being a tenant is zero, which is the lowest entry cost such that no entrant
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TABLE 3
Calibration targets

A. Targets for pre-tax-change steady state Notation Value

Directly imposed targets

Equal numbers of households and properties in the city n 1
Speed of adjustment of the city population X 1
No incentive for households to choose to leave the city By 0
Bargaining powers equal to meeting-function elasticities Wo/No = @1/ 1
Cost per viewing for home-buyers relative to daily income (Fp/vo)/(Y/365) 0.5
Viewings per renter relative to viewings per home-buyer Aj/ Ay 0.5
Cost of a rental viewing relative to a home-buyer viewing (F;/v))/(Fy/vo) 0.5
Flow search costs of investors relative to home-buyers F;/Fy, 1
Empirical targets

Homeownership rate h 54%
Buy-to-rent as a share of all transactions i 5.4%
Average price-rent ratio for the same properties P;/R 14.5
Average of price paid by investors relative to home-buyers P;/ Py 99%
Fraction of first-time buyers among all home-buyers ) 40%
Difference of average ages of owner-occupiers and tenants R 8.3
Risk-free real interest rate g 1.86%
Average real mortgage interest rate Tk 4.93%
Real mortgage interest rate faced by marginal home-buyer s 6.43%
Initial loan-to-value ratio of first-time buyers l 80%
Mortgage term Tx 25
Non-tax transaction costs of buyers as a fraction of price Cn/Pp,=C;/P; 0%
Property maintenance costs as a fraction of price D/P 2.6%
Landlords’ extra maintenance/management costs relative to rent D;/R 8%
Sellers’ transaction costs as a fraction of price Co/P 4.5%
Landlords’ transaction costs as a fraction of rent C//R 8.3%
New tenancy agreement fee as a fraction of landlord costs A/Cy 0%
Sellers’ average time on the market Tso 0.161
Home-buyers’ average time on the market I 0.206
Landlords’ average time on the rental market Ty 0.066
Average viewings per home-buyer Ap 20.6
Average time between moves for owner-occupiers Tnh 9.25
Average time between moves for tenants Tl 3.04
Ratio of house prices to income P,/Y 5.6
Average transaction price of a property P $402k
Effective land transfer tax rate for all buyers T =Tj 1.5%
B. Matched response to the new LTT

Change in logarithm of moving rate of owner-occupiers Pmh —0.13

Notes: Time units are years and monetary units are 2007 Canadian dollars. See Appendix A.5 for data sources.

(or incumbent) subsequently wants to leave the city (noting that B, > B;), where the value
outside the city is normalised to zero.

The elasticities #; and 7, of the meeting functions for the two markets with respect to
available properties are set equal to the respective bargaining powers of landlords and sellers.
Specifically, #; = wy, and 5, = w,, where w, = yww; + (1 — w)w, denotes the average bargain-
ing power of sellers facing a fraction y of investors and 1 — y of home-buyers. This is analogous
to the Hosios condition typically assumed in the labour-search literature. The bargaining powers
themselves are identified by other empirical targets specified below.

There is no direct measure of the flow costs of searching Fj,, F;, and F;. The approach taken
here is to base an estimate of search costs on the opportunity cost of time spent searching. Since
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TABLE 4

Calibrated parameters
Parameter description Notation Value
Discount rate for future housing-market payoffs r 3.28%
Households’ exit rate from the city P 4.27%
Investors’ exit rate Pl 0.700%
Property maintenance cost D $10.5k
Landlords’ extra maintenance/management costs Dy $2.20k
Minimum new match quality in the ownership market n $33.6k
Minimum new match quality in the rental market { $24.6k
Shape parameter of home-buyer new match quality distribution A 33.1
Shape parameter of tenant new match quality distribution A 36.2
Arrival rate of match quality shocks in the ownership market ap 7.93%
Arrival rate of match quality shocks in the rental market oy 27.9%
Size of match quality shocks in the ownership market o 0.855
Fraction of tenants drawing a new credit cost after a shock 14 8.28%
Parameter for the mean of the distribution of credit costs W 5.05
Parameter for standard deviation of the distribution of credit costs o 0.674
Transaction costs of buyers excluding taxes Ci =Cy 0
Transaction costs of sellers Co $18.1k
Transaction costs of landlords C $2.28k
Transaction costs of tenants excluding tenancy-agreement fee Cw $0.709k
Flow search costs of home-buyers and investors Fi=F, $9.84k
Flow search costs of prospective tenants in the rental market F $9.72k
Entry cost of moving to the city E $21.1k
Speed of adjustment of the city population x 1
Meeting function productivity parameter in the ownership market Vo 110
Meeting function productivity parameter in the rental market vy 165
Elasticity of ownership market meetings with respect to sellers o 0.490
Elasticity of rental-market meetings with respect to landlords n 0.764
Bargaining power of a seller meeting a home-buyer op 0.490
Bargaining power of a seller meeting an investor w; 0.265
Bargaining power of a landlord meeting a prospective tenant ] 0.764

Notes: Time units are years, and all payoff and cost parameters are measured in 2007 Canadian dollars. These parameters
exactly match the targets in Table 3 using the calibration procedure from Appendix A.6.

home-buyers make viewings at rate v, and incur flow search costs Fj, per unit of time, the cost
per viewing is Fj, /v,. Assuming that viewing a property entails the loss of half a day’s income,
this means that F, /v, = 0.5 x Y /365, where Y denotes households’ average annual income.

There is data related to the search behaviour of home-buyers, sellers, and landlords, but no
information on the search behaviour of renters. Anecdotal evidence suggests that renters usually
spend less time per viewing and also view fewer properties. Hence, it is assumed that viewing a
rental property takes half the time needed to view a property to buy (F;/v; = 0.5 x Fj/v,), and
the average number of viewings per renter is half the number for a home-buyer (A; = 0.5 x Ap).
Finally, the per-period flow search costs Fj, and F; are assumed to be the same for home-buyers
and investors, which means the cost per viewing is the same. Nonetheless, the total search costs
of a home-buyer per transaction are larger than those of an investor given home-buyers’ longer
search times in the presence of match-specific quality.

5.1.2. Empirical targets. One group of empirical targets is related to the extensive mar-
gin across rental and ownership markets, including the homeownership rate 4, the fraction i of
buy-to-rent transactions among all transactions, investors’ price-to-rent ratio P;/R, the fraction
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¢ of first-time buyers, and the difference X between the average ages of owner-occupiers and
tenants.

Intuitively, P;/R, the inverse of the gross rental yield, provides information about the
discount rate r. Investors’ share of transactions i, along with the homeownership rate A, is
informative about landlords’ turnover rate p;.*’ The fraction of first-time buyers ¢ and the owner-
renter age difference R help identify the turnover rate of households p in the city population and
the probability ¢ of drawing a new credit cost that may lead to a change in housing tenure.

A set of targets also related to the extensive margin specifies the capitalised credit costs
of marginal home-buyers relative to price, Z/ Py, and the ratio of marginal to average credit
costs, Z/K . The calibration thus uses credit-cost information about marginal as well as average
borrowers. Empirically, marginal borrowers are identified as those who do not qualify for loans
from major banks and must instead borrow at higher rates from other financial institutions.
Together with average credit costs, data on marginal borrowers is informative about the shape
of the credit-cost distribution across households, identifying the mean and standard deviation
parameters i and o . This plays an important role in the workings of the model because it affects
how many households have a credit cost close to that of a marginal home-buyer.*!

The capitalised credit costs themselves are derived following a procedure described in
Appendix A.5 from information about mortgage interest-rate spreads, the mortgage term, and
the loan-to-value ratio. In short, the capitalised credit cost K of becoming a homeowner is com-
puted from a comparison of the mortgage rate r; a household faces relative to the risk-free
interest rate r, on government bonds. Suppose a household buys a property at price Py, by taking
out a mortgage with loan-to-value ratio /, where the mortgage contract specifies an amortisation
schedule such that the balance reaches zero after T years of a sequence of fixed repayments.
The credit cost K is the present discounted value of the expected stream of repayments minus
the initial amount borrowed, and as a fraction of price Pj it is given by

K (i ),
Py re+p —rk rg+p =1k (rg +p)(1 — e7nTi)

This expression is used to determine Z/ P;, and K / P;,, and hence Z /K . The information required
iS rg, 1y, 17, I, and Ty, where ry is the average real mortgage interest rate across all home-buyers
and r, is the real mortgage rate of a marginal home buyer. Data sources for these variables are
given in Appendix A.5.

Entry decisions of investors and households are affected by the bargaining-power parameters
w;, oy, and @y, and these decisions affect tightness in the rental and ownership markets and
the number n of people in the city relative to the housing stock. Empirically, tightness in the
ownership market is identified using time-on-the-market 73, for buyers relative to sellers Ty,
and given n, this also determines rental-market tightness. Hence by using the model’s free-entry
condition for investors and the steady-state free-entry condition for households, targets for Tj,
and n provide information about w;, and w;, and together with the ratio P;/ P, of prices paid by
investors and home-buyers, the remaining bargaining-power parameter w; is identified.

Note that it is not necessary to take a stance on the presence or size of any “warm glow”
effect of homeownership in the calibration, that is, the size of the parameter ¢}, relative to ¢;.
Since the marginal home-buyer is indifferent, this ratio is determined as a residual given the
calibrated costs of owning versus renting and the choices of households as manifested in the

40. See the discussion of the relative holding periods of investors and owner-occupiers in Section 4.2.
41. The sensitivity of the results to the density of the credit-cost distribution around the marginal home-buyer is
discussed in Section 5.4.1.
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homeownership rate 4. In particular, if a larger average mortgage-rate spread over the risk-free
rate increased the credit costs of becoming an owner-occupier, then for a given homeownership
rate and other costs, the “warm glow” from ownership would need to be larger to match A.

Another group of empirical targets matches search behaviour and costs incurred within the
ownership and rental markets. Time-to-sell T}, and time-to-lease T; are closely linked to incen-
tives for home-buyers and tenants to search, which depend on the distributions of new match
quality, and thus help to identity the parameters A;, and A; that determine match-quality dis-
persion.*> Average viewings per buyer A; and per lease A;, together with the information on
time-on-the-market, identify the productivity parameters v, and v; of the meeting functions.

The transaction-cost parameters C;, C,, C,, and C;, and the maintenance/management-cost
parameters D and D; are directly determined by data on these variables as a fraction of prices
P, Py, P;, or rents R. Renters’ transaction cost C,, is identified indirectly by observations on the
size of the agreement fee A for a new tenancy negotiated between landlords and tenants.

Data on average times between moves for owner-occupiers 7,,; and tenants 7,,; provide
information on the arrival rates a;, and a; of shocks to match quality. To identify the parameter
Jp on the size of match-quality shocks faced by owner-occupiers, the calibration matches the
model’s moving rate response after the new LTT to the estimated effect from Section 2.

Finally, the average transaction price P in 2007 Canadian dollars provides information on
the monetary value of a unit of utility in the model, and also allows welfare to be interpreted
in consumption-equivalent units. This is essentially a normalisation of the parameter (j, that
completes the calibration.*?

5.2.  Quantitative effects of transaction taxes

The effects of increasing the transaction tax rates 7, and 7; for both home-buyers and investors
from 1.5% to 2.8% are reported in Table 5. The first column gives the baseline empirical esti-
mates of the LTT effects from Section 2 expressed as percentage changes. The second column
reports the model’s predictions averaged over the same four-year time window used in the econo-
metric analysis, and expressed as a comparable percentage change relative to the initial steady
state. The third column gives the model-implied long-run percentage changes once the new
steady state is reached.

Consistent with the empirical results and the discussion in Section 4, the model predicts that
buy-to-own (BTO) sales S, and buy-to-rent (BTR) sales S; move in opposite directions when
the transaction tax rises. Sales to home-buyers fall, while sales to investors rise, despite the two
groups facing the same tax rates. Quantitatively, on average over the first four years, the model
predicts a 14% fall in BTO sales and a 35% rise in BTR sales. Consistent with the increase in
property investors, there is a rise in the number of leases as more households choose to be tenants
rather than home-buyers, leading to an increase in the leases-to-sales ratio by 15% and a fall in
the homeownership rate by 0.23 percentage points. Data on the homeownership rate in Toronto
is not available at the micro level or at high frequencies, so the causal effect of the LTT change

42. The distribution of match quality across households is thus disciplined by the calibration targets adopted

here, rather than being left as a free parameter.
43. There are 32 parameters, excluding tax rates 7rj, and 7;, and 38 targets. The targets exactly identify the

parameters. There are more targets than parameters because 7, and 7; must be included in the list of targets, the credit-
cost calibration is based on five pieces of information that are ultimately collapsed to an average and a marginal credit
cost, and the price-to-income ratio must be included to calculate the size of the opportunity costs of search.
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TABLE 5
Simulations of the model following an increase in the transaction tax rate

Econometric evidence Predictions of the model
Variable 2008-2012 Four-year average Steady state
Owners’ moving rate (Tn;hl) —12% —12% (matched) —12%
Buy-to-own (BTO) sales (Sj,) —9.6% —14% —16%
Buy-to-rent (BTR) sales (S;) 9.3% 35% 5.1%
Leases-to-sales ratio (S;/So) 26% 15% 23%
Price-to-rent ratio (P; /R) —3.8% —1.6% —1.6%
Average sales price (P) —1.7% —1.6% —1.6%
Homeownership rate (k) - —0.23 p.p. —2.4p.p.
Effective LTT tax rate (7, = 1) Increased from 1.5% to 2.8% (1.3 p.p.)

Notes: The solution procedure to find the predictions of the model is described in Appendixes A.3 and A.4. The
econometric evidence on the average sales price response is taken from Table A.6.

cannot be estimated. However, the empirical findings for BTR sales and leases indicate that the
homeownership rate would fall after the LTT increase, all else equal.**

The model-predicted increase in the leases-to-sales ratio may appear low in light of the large
increase in BTR sales. However, the initial level of BTR sales is much smaller than the initial
level of leases owing to the much faster turnover of tenants moving between rental properties
than the turnover of landlords owning rental properties. Hence, the effect is much larger as a
percentage for BTR sales. In the long run, once the new steady state is reached, the percentage
change in the flow of BTR sales is much smaller and the change in the leases-to-sales ratio is
much larger. The difference between the four-year and long-run effects on these two variables
reflects slow convergence to the new steady-state homeownership rate.

The transitional dynamics of the variables related to tenure choice are shown in Figure 2.
BTR sales overshoot the new steady state persistently for more than a decade because more
BTR sales are needed to get up to the higher stock of investor-owned properties than are needed
subsequently to sustain that level. The path of BTR sales is non-monotonic, with a large initial
spike. Investors enter according to the free-entry condition and thus act very quickly after the
tax change. However, as only a small fraction of all households makes a tenure-choice decision
in a given year, households overall are slow to adjust relative to investors, as seen in the very
gradual change in the homeownership rate and the leases-to-sales ratio in the years after the tax
change. This acts as a force to slow down entry of investors, otherwise the rental market would
be flooded with vacant properties. These effects interact to produce the overshooting seen in
the BTR sales impulse response. For the other variables in the model, transitional dynamics are
relatively short and thus are not reported.

The predicted average price paid drops by 1.6%, which is very close to matching the decrease
found empirically in Table A.6. Interestingly, the percentage decline in prices is larger than the
1.3 percentage-point rise in the tax rate.*> The impact on the average price reflects the expecta-
tion that a given property will be subject to the transaction tax each time it is sold, and thus the

44. Simply looking at the aggregate data on the homeownership rate in Toronto reveals a rising trend prior to the
LTT increase and a flattening out afterwards. The period of stagnation in the homeownership rate coincides with a rising
fraction of BTR sales in the aggregate.

45. A simple analysis of tax incidence might suggest that prices should change by less than the tax rate because
buyers have some bargaining power—see equation (28). The equation also shows that a proportional transaction tax
reduces the effective bargaining power of sellers, contributing to a lower price.
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FIGURE 2

Impulse responses of tenure-choice variables to the transaction tax increase
Notes: The responses of BTR transactions and the leases-to-sales ratio are percentage changes to be read from the left
scale. The response of the homeownership rate is the percentage-point change shown on the right scale. The dotted
lines are the corresponding levels of the variables in the new steady state. The daily impulse responses are smoothed to

a monthly frequency of observation.

expected future incidence of the tax is capitalised into property prices. The decline in the aver-
age price also drives a 1.6% reduction in the price-to-rent ratio, capturing a substantial fraction
of the decrease found empirically. This prediction is in line with the general-equilibrium role of
the price-to-rent ratio in increasing BTR sales.

5.3.  Welfare effects of transactions taxes

This section evaluates the welfare costs of the transaction tax effects. The extra tax revenue is
spent on delivering extra public services to all city residents, as represented by the per-person
public services g in all residents’ value functions. All individuals’ utility is linear, so the changes
in their value functions are measured in consumption-equivalent units. The calibration matches
the average sales price of properties from January 2006 to January 2008 in Canadian dollars, so
a change of 1 is approximately equivalent to a 2007 Canadian dollar. The total welfare effects
of the policy are then obtained by summing the individual value functions in (44). In light of the
slow rate of convergence of tenure-choice variables, the analysis focuses on the change in the
steady-state level of welfare.*®

Using the calibrated model, the predicted welfare losses from the new LTT are shown
in Table 6. The changes in present-value welfare are expressed as per-year, per city-resident
amounts by multiplying by r 4 p. The welfare costs are substantial, especially relative to the
extra tax revenue being raised. The new LTT causes total welfare to fall by an amount equivalent
to 111% of the extra tax revenue it generates.*’

46. The welfare of a “newborn”, a new entrant to the city, is always zero given the steady-state free-entry condi-
tion N = 0. Thus, this measure hides the welfare losses borne by incumbents within the city. The key point is that the
free-entry condition for entrants shifts the welfare costs entirely on to incumbents through the mechanism of price or
rent adjustment at the point when the new LTT is introduced.

47. The model predicts that the percentage change in steady-state tax revenue G = 75, P Sy, + 7; P; S; is only 56%,
while the percentage change in the tax rates is 87% (from 1.5% to 2.8%). This discrepancy is explained by erosion of
the tax base: total transactions go down and the average price drops, so the tax base shrinks.
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TABLE 6
Welfare losses from the new transaction tax

Welfare loss Canadian dollars per person per year Percent of extra tax revenue
Total $534 111%
Across market $290 60%
Within markets $243 51%
Rental market $61 13%
Ownership market $182 38%
Increase in tax revenue $480

Notes: The change in welfare is equal to the change in the steady-state value of (44) multiplied by r + p. The
decomposition into across- and within-market effects is explained in the text. The monetary units are 2007 Canadian
dollars.

The importance of the tenure-choice variables for the welfare costs of the LTT can be under-
stood by decomposing the welfare function (44) into terms related to across- and within-market
effects. The change in welfare A() between steady states can be expressed as

rAQ = {(Vy + AV))Agy + (Vi + AVi — D)Agy — F;Ab; — C;AS; — A (yK)} — pEAn

+{(@AV, — FiAb — (Cy + CDAS) + (qnAVi — FyAby — CLAS, — C,AS,)}
(52)

The first line groups terms related to tenure-choice decisions that affect welfare across markets
inside the curly brackets. The term on the second line groups the within-market effects for both
rental and ownership markets. The remaining term captures the effect of any changes in popula-
tion across the two regions. Quantitatively, the inter-regional effect is very close to zero because
there is only a negligible change in the city population, and so this is not reported below. This
point is discussed in more detail in Section 5.4.2.

The welfare losses arising from distortions across and within rental and ownership markets
are both large as seen in Table 6. Distortions across the two markets generate a loss equivalent
to 60% of the extra tax revenue, which accounts for more than half of the total loss. Within mar-
kets, rental- and ownership-market distortions generate losses of 13% and 38% of tax revenue,
respectively. Overall, the presence of the rental market and tenure choice in the analysis account
for a welfare loss of 73% of the extra tax revenue, which is two thirds of the total loss.

The welfare loss across the two markets results from the drop in the homeownership rate.
Some households with low enough credit costs who would otherwise have gained from being
owner-occupiers decide to remain renters owing to the extra costs imposed by the transaction tax
both now and expected again when they move in the future. The size of this welfare loss largely
depends on the distribution of credit costs, which is calibrated using data on mortgage spreads.
This is because the credit-cost distribution across households is the relevant source of hetero-
geneity for the owing-versus-renting decision—everyone shares the same ex ante expectation of
housing utility in the two markets, so there is no lack of substitutability between owner-occupied
and rental properties in terms of preferences. The decline in homeownership also adds to the
welfare loss through an increase in rental management costs.*

Within the ownership market, the welfare loss is mainly due to the fall in match quality,
partly offset by lower non-tax transaction costs saved because moving is less frequent. It is also

48. It is important to note that the model does not imply a monotonic relationship between the homeownership
rate and welfare. This can be seen from the term y K in the expression for welfare (44), where credit costs associated
with increasing homeownership have a negative impact on welfare, all else equal (see Section 5.4.3).
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offset by home-buyers becoming more picky, though that entails costs of having to search for
longer. Quantitatively, the large size of the welfare loss relates to the indivisibility of housing:
households are taxed on the whole value of a property purchase, not the marginal improvement
in match quality that comes from moving. The welfare loss within the rental market is much
smaller and mainly reflects increased transaction costs from more leases being arranged.

The distributional effects of the tax on welfare of different groups can be evaluated using
their value functions, averaging H (), W(e), L(¢) over the endogenous distribution of match
quality for owner-occupiers and tenants.*” The biggest losers from the LTT are owner-occupiers,
who suffer a loss of $601 per person per year (the same units as the Table 6 results). These
households face paying the tax each time they move, the same reason the tax affects the tenure-
choice decision as discussed earlier. In addition, they suffer from a fall in the value of their
property given that they bought at a price reflecting the initial lower tax rate. This fall in house
prices also implies a large loss for sellers ($501). Home-buyers lose ($239) for the first reason
given above for owner-occupiers, but not the second. Landlords lose $122 and tenants gain
$173, whether or not they are in a match as rental-market matching is relatively quick. The gain
for tenants derives from the extra public expenditure, noting that a large fraction of households
remain tenants throughout their time in the city. Finally, owing to the free-entry conditions, there
is no change in the welfare of investors or new households entering the city.

5.4. Discussion of the quantitative results

5.4.1. Credit-cost heterogeneity and the size of the tax effects across markets. The
extent of the reallocation of households and properties from the ownership market to the rental
market after the higher transaction tax depends crucially on the mass of marginal home-buyers
prior to the tax increase. Marginal households have a credit cost at the threshold Z. A higher
transaction tax lowers the threshold Z, turning buyers with credit costs just below the original
threshold away from the ownership market and leaving them as tenants.

Intuitively, the closer the threshold Z is to the mode of the probability distribution of credit
costs K, the higher is the mass of marginal buyers. Thus, an important empirical target is the
mortgage interest rate gap between the marginal and average buyers, which is what determines
the probability mass of credit costs near the threshold. As explained in Appendix A.5, the gap
used in the baseline calibration is 1.5%. This is based on micro-level mortgage data from the
Bank of Canada showing that the interest-rate gap between the average borrower and those with
low credit scores is around 3% for a typical five-year mortgage loan. Given that a marginal buyer
is likely to be able to pay a lower interest rate after the first five years, the baseline calibration
assumes a smaller 1.5% gap to apply to the whole period of mortgage borrowing.

If the gap were increased to 3%, essentially assuming marginal buyers cannot refinance at
a better rate after the first five years, the mass of marginal buyers would be smaller. This is
depicted in the credit-cost distribution in the right panel of Figure 3 compared to the baseline
case in the left panel. A higher transaction tax lowers the credit-cost threshold Z, but when the
mass of marginal buyers is smaller, this has less impact on the owning-versus-renting margin.
In equilibrium, this leads to a smaller increase in entry of buy-to-rent investors, with BTR trans-
actions rising by 13% in the four years after the tax change (see Table A.13). This is closer to
the empirical finding of a 9.3% increase (Table 1). Since it is a strong assumption that marginal

49. The results given here refer to per-person welfare effects. These are not the same as the contributions to the
total welfare loss because the sizes of the various groups change.
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Baseline mortgage rate gap of 1.5% Alternative mortgage-rate gap of 3%
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FIGURE 3

Distributions of credit costs under different calibrations of mortgage-rate gaps
Notes: The two panels show the distributions of credit costs implied by different calibrations of the mortgage interest

rate gap between marginal and average home-buyers. The vertical lines show the equilibrium threshold Z/ P;,.

buyers cannot ever refinance at lower spreads, the model prediction in this case can be thought
of as a lower bound on the tax effects on BTR transactions.

The smaller impact on BTR transactions in this alternative calibration translates into smaller
welfare losses. The total welfare cost of the LTT is lower but still substantial at 76% of the extra
tax revenue. Distortions across the two markets imply losses of 24% of revenue, distortions
within the rental market 4%, and distortions within the ownership market 47%. In this case, the
presence of the rental market in the analysis accounts for about 40% of the total loss. The smaller
across-markets loss is due to the smaller predicted increase in buy-to-rent transactions compared
to the baseline. The full results can be found in Table A.13. This case provides a lower bound on
the quantitative impact of the LTT on owning versus renting and its implications for welfare.

5.4.2. Mobility across the two regions. To examine the role played by mobility across the
two regions, this section considers the case where households cannot choose to enter the city.
This is done by setting the sensitivity parameter of the inflows of new households to the city to
zero, thatis, y = 01in (6). As shown in Table A.13, the tax effects on quantities are similar to the
baseline. Empirical support for this prediction is seen in the findings from Tables 1 and 2 where
the “donut” specifications yield broadly similar results to the non-“donut” specifications. The
intuition for why mobility across regions does not have a large impact on quantities is as follows.
If the housing stock in the city is fixed, since houses must be owned or rented by someone in
equilibrium, the value of living inside the city must adjust through changes in house prices or
rents. Since the population does not change by much in equilibrium, the analysis of quantities
and welfare is very similar to the baseline model.”

50. The total welfare cost of the new LTT in the case of no mobility is 112% of the extra tax revenue. Distortions
across the two markets imply losses of 61% of tax revenue, distortions within the rental market 13%, and distortions
within the ownership market 38%.
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5.4.3. A tax on investors. A key feature of the analysis in this paper is in allowing for free
entry of buy-to-rent investors, which helps to understand why the LTT has different effects on
BTO and BTR transactions. It also has implications for the welfare costs of transaction taxes.
Since homeowners are more heavily affected by the same transaction tax rate than investors, a
higher tax rate increases distortions in the allocation of housing across the ownership and rental
markets.

This novel effect can be isolated by considering a hypothetical tax regime with different tax
rates for owner-occupiers and investors. Taking the same increase in 7; from 1.5% to 2.8% as
before, the tax rate 7; on investors can be raised to such a level where there is no change in
the equilibrium homeownership rate. The required change in 7; for this is from 1.5% to 5.8%.
This alternative tax system raises slightly more revenue (up by 70% instead of 56%), but not
much more because buy-to-rent investors are a small minority and do not transact frequently on
average. Importantly, the welfare loss in this case is considerably smaller, being only 40% of the
extra revenue raised instead of 111% with an equal increase in the tax rates 7 and z;.

Intuitively, this exercise shuts down the extensive margin, keeping the homeownership rate
unchanged by putting up higher barriers to entry for investors. This offsets the implicit advantage
investors receive from not needing to pay the LTT as often as owner-occupiers do when tax rates
rise by the same amount. The welfare loss is smaller because the unequal tax rates undo the
effects of this distortion.

However, increasing 7; ever further to raise the homeownership rate would ultimately lead to
large welfare costs because uncreditworthy households would be forced into the ownership mar-
ket owing to a lack of rental properties. This would result in them paying very high borrowing
costs, reducing welfare through the term y K in (44). Deep-pocketed investors play an important
role in providing access to housing without everyone having to incur credit costs.

6. CONCLUSIONS

Using a unique dataset of property sales and leasing transactions, this paper documents two
novel effects of a higher transaction tax. First, there is a rise in buy-to-rent transactions and a
fall in owner-occupier transactions, despite the same tax applying to both. Second, there is a
simultaneous fall in the sales-to-leases and price-to-rent ratios.

This paper builds a tractable model with free entry of investors and where households choose
owning or renting, with entry to the ownership market incurring a heterogeneous cost of access-
ing credit. The calibrated model explains the empirical findings and points to a novel welfare
cost of transaction taxes. A higher transaction tax distorts the allocation of properties across
the ownership and rental markets by reducing the homeownership rate, as well as distorting the
allocation within the ownership market by reducing mobility. The calibrated model implies a
substantial welfare loss equivalent to 111% of revenue from the transaction tax, with about two
thirds of this due to the analysis allowing for the presence of a rental market.
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