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Abstract

We document that the effect of monetary policy on housing prices varies substantially by local
housing market. We show that this heterogeneity across local housing markets can be partly
explained by variation in housing supply conditions — housing prices are typically more sensitive to
changes in interest rates in areas where land is more expensive. But other factors are important too.
Specifically, we find the sensitivity is greater in areas where incomes are relatively high, households
are more indebted and there are more investors. Taken together, this suggests that the state of the
economy can affect the sensitivity of housing prices to monetary policy. We also directly explore
how monetary policy affects housing wealth inequality. We find that housing prices in more
expensive areas are more sensitive to changes in interest rates than in cheaper areas. This suggests
that lower interest rates increase housing wealth inequality, while higher rates do the opposite.
However, these effects appear to be temporary.

JEL Classification Numbers: D31, E21, E52
Keywords: housing, monetary policy, mortgage debt, inequality, heterogeneity
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1. Introduction

‘... it is pretty clear that there is no such thing as the Australian housing market. What we have is a
series of separate, but interconnected, markets.’(Lowe 2019)

It is well known that the price of housing is sensitive to changes in interest rates (e.g. Himmelberg,
Mayer and Sinai 2005; Jorda, Schularick and Taylor 2015; Williams 2016; Gibbs, Hambur and
Nodari 2018; Saunders and Tulip 2019). It is also well known that the price of housing varies by
location (e.g. Glaeser, Gyourko and Saks 2006; Saiz 2010). And yet we know little about how these
findings fit together. Do interest rates contribute to housing price variation across regions? Are
housing prices in more expensive areas more sensitive to interest rates than in cheaper areas? If so,
by how much? And what does this tell us about the transmission of monetary policy?

The variation in housing price cycles is clear in Australia, both between and within states (Figure 1).
For example, the two most populous states of New South Wales and Victoria experienced strong
run-ups in housing prices between 2013 and 2017, followed by relatively steep falls. In comparison,
the Northern Territory experienced a steep decline in housing prices over the same period. Looking
within states, the more expensive areas of New South Wales and Victoria saw much larger increases
in housing prices than cheaper areas during the recent upswing.



Figure 1: Distribution of Housing Prices by State and Territory
2006 = 100, selected price quintiles
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In this paper we explore the distributional effects of monetary policy on housing prices across local
housing markets in Australia. In studying the effects of monetary policy, the varying housing market
experiences both between and within states and territories is important for a couple of reasons.

First, the distribution of housing prices helps to identify the causal effects of monetary policy. The
relationship between housing prices and monetary policy is typically identified using time series
models that are subject to endogeneity problems. For instance, the central bank may raise interest
rates if it expects the economy to be stronger in the future. At the same time, asset prices, including
housing prices, may rise if households also expect higher future economic growth. This will confound
any results and likely attenuate estimates; clouding the true effect of monetary policy on the housing
market. In this example, it may appear that increases in monetary policy lead to increases in housing
prices, when in reality it is stronger expected economic growth that drives both. By exploiting the



fact that the central bank is unlikely to systematically respond to conditions in any specific local
housing market we can better identify the effects of monetary policy.

Second, the distribution can tell us why monetary policy works. Any regional variation in the
sensitivity to monetary policy may tell us why monetary policy matters to the housing market. For
example, expensive areas may be more supply constrained than cheaper areas given they are more
likely to be in coastal areas. If a demand shock due to a change in interest rates has a greater effect
on housing prices in these areas, then this may tell us that supply constraints are binding and
important to the transmission of monetary policy to housing markets. In other words, the economy
may be more sensitive to monetary policy if more areas are supply constrained (holding all else
constant). This information could be important to take into account when setting monetary policy.

To study the distributional effects of monetary policy, we estimate a model in which each local
housing market is allowed to respond differently to monetary policy. The resulting distribution of
price sensitivities across local markets provides information about the factors that link monetary
policy and the housing market. When interest rates fall, areas with less elastic housing supply should
experience larger increases in housing prices than areas with more elastic supply (Aastveit and
Anundsen 2016). Consistent with this, we find that supply-related factors, such as land availability,
explain some of the cross-sectional variation in local housing price sensitivities. But other factors are
relevant too. For example, housing prices are more sensitive to monetary policy in regions with
higher shares of housing investors and higher levels of income, on average. These findings are
consistent with research that emphasise the role of expectations in driving housing price dynamics
(e.g. Kaplan, Mitman and Violante 2019).

We also find that the local housing markets with relatively high levels of mortgage debt are those in
which local housing prices are more sensitive to changes in monetary policy. This result is consistent
with research that suggests that monetary policy has state-dependent effects, wherein the state of
the mortgage market affects the potency of monetary policy (Beraja et a/2019).

We then directly study the effects of monetary policy on housing wealth inequality. For this, a specific
version of the model is estimated in which local housing markets are sorted by how expensive they
are.! We find that more expensive regions are more sensitive to changes in monetary policy. The
variation in price responses across regions also suggests that reductions in the cash rate increase
housing wealth inequality. However, this effect appears temporary with the price differences
between regions disappearing about two years after the interest rate change. We investigate if this
differential is linked to land availability and supply constraints, and find some evidence to support
this with the effect being more concentrated in areas that have higher land availability constraints.
However, we are not able to rule out other channels by which monetary policy could generate
changes in the housing wealth distribution.

1 Otto (2007) examines the effect of changes in mortgage interest rates on housing prices across Australian capital
cities. However, he does not examine the heterogeneity in responses within cities nor link it to monetary policy.



This paper is closely related to several papers that study the effect of monetary policy on regional
housing markets. Most of this research focuses on the United States.? Consistent with our findings
for Australia, there is substantial variation across US local housing markets in the sensitivity of
housing prices to monetary policy (Cooper, Luengo-Prado and Olivei 2016; Fischer et a/2018).3 This
heterogeneity is typically linked to variation in housing supply elasticities (Aastveit and
Anundsen 2016) and, more specifically, to variation in local government regulations (Fischer
et a/l2018). There is also some evidence of asymmetric effects of monetary policy across US local
housing markets (Aastveit and Anundsen 2016). However, some studies suggest that monetary
policy has a limited role to play in explaining the variation across local housing markets (Del Negro
and Otrok 2007).* Moreover, while many studies suggest that regional heterogeneity is due to
supply-side factors, other potential explanations could be important too (e.g. Fischer et a/ 2018;
Beraja et a/2019).°

This paper is also related to a broader literature that looks at the regional effects of monetary policy.
The heterogeneity in the sensitivity of local economies to interest rates has been documented for
the United States (Carlino and DeFina 1998), Europe (Rodriguez-Fuentes and Dow 2003) and
Australia (Vespignani 2013). This research typically explores the mechanisms that explain why there
are regional differences in sensitivity to monetary policy. The heterogeneity in local responses to
monetary policy is typically linked to variation in industrial structure (e.g. share of output due to the
manufacturing sector), household demographics (e.g. age structure of the population) or firm
dynamics (e.g. firm size). Our results do not suggest these factors are the main drivers behind the
regional differences in housing market responses to monetary policy.

Finally, our research is related to the literature that studies the distributional effects of monetary
policy (e.g. Doepke, Schneider and Selezneva 2015; Coibion et a/ 2017). To the best of our
knowledge, there has been little research that specifically links monetary policy to housing wealth
inequality, which is surprising given the strong relationship between interest rates and housing
prices.®

2 The only Australian study of which we are aware is Lim and Tsiaplias (2018). They find that the stance of monetary
policy has varying (nonlinear) effects across city-based housing markets in Australia. We extend their analysis by
allowing the sensitivity of housing prices to interest rates to vary for each individual local housing market. We also
more closely examine which economic variables matter to this sensitivity.

3 Cooper et a/ (2016) is the study most similar to this paper, although they ask a slightly different research question.
We are interested in the effect of an aggregate shock (national monetary policy changes) on regional housing prices.
They study the effect of regional monetary shocks on regional housing prices, with their identification strategy implicitly
abstracting from the aggregate effects of national monetary policy changes. The regional monetary policy shocks are
estimated based on a counterfactual monetary policy rule for each US state.

4  Del Negro and Otrok estimate a dynamic factor model on US state data and find that most of the variation in local
housing prices is explained by regional shocks, with a limited role for monetary policy. However, their sample period
excludes the national housing price cycle over the mid to late 2000s, which some have linked to the stance of monetary
policy. For a summary of the debate on this, see Dokko ef a/(2011).

5 Beraja ef a/(2019) indicates that the regional distribution of housing equity influences the aggregate effect of monetary
policy, and that lower levels of equity are associated with regions being less responsive to interest rate cuts due to a
reduced ability to refinance mortgages.

6 For an overview of research on the links between monetary policy and inequality, see Colciago, Samarina and
de Haan (2019).



2. Theoretical Framework

To develop some empirical predictions, we outline a theoretical framework that explains how
monetary policy can affect local housing markets differently and why simple estimates of the local
effects of monetary policy might be biased. The framework is based on an asset pricing model used
extensively in the finance literature. It is typically referred to as the dynamic Gordon growth model,
as applied to the housing market (Hiebert and Sydow 2009).” Consider the standard asset pricing
formula:

p—FPu+D
t Rt

This states that the housing price in the current period (Pt) is equal to the discounted value of the
future price of housing (Pt +1) and current rents (Dt), where the discount rate is equalto R=1 +r.
The discount rate can also be thought of as the ‘required rate of return’, which consists of the risk-
free rate plus a risk premium that might vary according to the local housing market. All variables are
in real terms. Taking natural logs of this expression:

log(R)=log(R.,+D,)-log(R,)

We would like to obtain a (log) linear relationship between housing prices, rents and discount rates
(and ultimately interest rates). But the relationship here is nonlinear as it involves the log of the sum
of the future housing price and rents. However, Campbell and Shiller (1988) show that the
expression can be approximated as.®

log(R)=k+(1-p)log(R.,)+ plog(D;)-log(R,)

Here, the log of the price level (log(P:)) is approximately equal to a constant (k), the weighted
average of the log level of the future housing price ((1-p)log(P.;)) and the current rent

(plog(Dt)) less the log level of the discount factor (log(R:)) which is approximately equal to the

discount rate.® Taking the difference between two consecutive periods, we obtain:
APy = —AL + (1— ,0) Apjpy + PAdy

where lower-case letters represent the natural log of the upper-case counterparts (e.g. p = log(P)),
A represents (quarterly) changes over time and each local housing market is denoted with

7 We could instead derive empirical predictions from a user cost of capital model, as used, for example, by Fox and
Tulip 2014 (and references therein). This is basically the same framework, with a focus on housing price growth
(rather than rental yields) and without the added complexity of introducing depreciation and taxes on housing in
deriving the required rate of return.

8 This implicitly assumes that the housing price-to-rent ratio is approximately constant over time, which is a reasonable
assumption over the sample period from 1990 to 2019.

9 The weight (1-p) is equal to 1/(1+ exp(d - p)), where d — p is the sample average of the log ratio of rents to

housing prices.



subscript i. Here, current housing price growth is a function of the change in the discount rate,
expected housing price growth in the next period and current rent growth.

We assume that housing investors (including home owners) use market interest rates to discount
the future and that, at least for some investors, the relevant discount rate is the short-term cash
rate (Art). As such, changes in household discount rates across local housing markets (Arit) are a
function of changes in monetary policy (Art) and shocks to local discount rates (gﬁ ). The sensitivity
of local discount rates to monetary policy varies across local housing markets, as captured by the
coefficient 6, .

Ary =0T + &

We similarly assume that local housing price expectations are a function of market interest rates,
and that the sensitivity of expectations to monetary policy varies across local markets, as shown by
the coefficient J;:

APy, = —GAL + 55

One possible basis for this variation is that housing supply conditions vary across regions, and both
home owners and investors know this, such that they expect local housing price growth to vary
across regions in response to aggregate demand shocks, including monetary policy.

Substituting the two expressions, we obtain a regression model that we can explore using local
housing market data:

Apy = BAL + pAdy + &,

where the sensitivity of local housing price growth to the cash rate is a function of various structural
parameters that vary by local housing market (/5 =—((1— ,0)5i +6’i)) and the error term is a

function of both local shocks to discount rates and expectations (&, =& — &g ). This simple model

indicates that changes in monetary policy can affect current housing prices by influencing either
discount rates (through 6,) or expectations about future housing prices (through J; ).1°

The key assumption to pin down the distributional effects of monetary policy on local housing prices
(B;) is that monetary policy does not respond to local housing shocks (E(Art *git)zo). This
strategy assumes that there is no aggregate variable, such as GDP growth or unemployment, to
which the monetary policy is responding and which has a heterogeneous effect on local housing
markets. Suppose that each market has a different sensitivity to changes in aggregate output growth
(AYt)!

& = BAY, + o,

10 The specification assumes that the correlation between changes in housing prices and current rents does not vary by
local housing market, which is essentially the same as assuming a stationary price-to-rent ratio.



where the sensitivity of local housing prices to aggregate output growth is given by the coefficient
4 and o, is a white noise error. If monetary policy systematically responds to aggregate output
growth then the key identification assumption is invalid because E(Ar * z4AY, ) 0. If monetary
policy tightens in response to stronger output growth (which drives higher housing prices) this would
attentuate the estimates. To account for this bias, we directly control for relevant macroeconomic
variables that may have distributional effects on housing prices. We therefore estimate:

Apy = BAL + pAdy + 1 AY, + o (1)

Equation (1) forms the basis of our empirical model and is discussed in more detail in Section 4. In
Section 6, a version of the model is also estimated using estimates of monetary policy ‘shocks’ that
purge the changes in monetary policy of any systematic response to macroeconomic conditions and
forecasts.

3. Data

To measure local area housing prices we use data from a private company, CoreLogic. The
geographic unit is Statistical Area Level 3 (SA3) (there are 358 SA3s in Australia, with populations
varying between 30,000 and 130,000 people). SA3s often align to a regional city (for regional areas)
or local government areas like city councils and transport or commercial hubs (for metropolitan
areas).

The key variable is a hedonic index for real dwelling prices (this includes prices for detached houses
and apartments). The hedonic index captures the change in housing prices controlling for
observables such as land size, type of dwelling structure and the number of rooms. It can be thought
of as a pure measure of housing prices. The housing price index is deflated by the (trimmed mean)
consumer price index to arrive at a real measure.

In the baseline models, the stance of monetary policy is measured by the cash rate target, as
published in RBA statistical table F1 (Interest Rates and Yields — Money Market). For the analysis,
the sample period spans several housing price cycles covering the three decades between 1990 and
2019. The sample period roughly aligns with the introduction of inflation targeting in Australia, so
our analysis should not be affected by changes in monetary policy regimes. For robustness, we also
consider estimates of monetary policy shocks, which account for systematic changes in monetary
policy by controlling for information that is contained in the Reserve Bank’s forecasts (Bishop and
Tulip 2017). The monetary policy shock series runs from 1992 to 2018.

The controls for macroeconomic variables such as GDP growth, the terms of trade and the
unemployment rate are all sourced from the Australian Bureau of Statistics.!!

11 We also have estimates of current rents by SA3 and quarter so that current rental growth can be included as an
explanatory variable in the model. However, the available time series of these data only cover the period since 2005.
So these data are mainly used for robustness.


https://www.rba.gov.au/statistics/tables/xls/f01d.xls
https://www.rba.gov.au/publications/rdp/2017/pdf/rdp2017-02.pdf
https://www.rba.gov.au/publications/rdp/2017/pdf/rdp2017-02.pdf

4, Heterogeneity in the Sensitivity of Local Housing Prices to Monetary
Policy

4.1 Identification

We estimate Equation (1) using a combination of panel regression techniques and local projections
(Jorda 2005). We refer to this as the ‘unrestricted model”

100 *( Pit+h — Pit ) =, + SpACk + X + ¢ (2)

where:

Pi.h — Py is the log difference in the real dwelling price index for region i from quarter t to
quarter t+h, where h €[1,16] quarters.

e «, is a region-specific dummy. This controls for time-invariant factors within each local housing
market, such as the level of local amenities or distance to the coast. The estimate of this dummy

is allowed to change for each horizon h.

e Acr, represents the quarterly percentage point change in the cash rate target.

X; . is a vector of controls for both local and aggregate market conditions.

Equation (2) is estimated separately for each local housing market and at each time horizon. The
resulting estimates of the £, coefficients provide direct estimates of the sensitivity of local housing
prices to monetary policy.

The controls include variables that capture macroeconomic conditions, including GDP growth, the
terms of trade and the unemployment rate, as well as lagged changes in the cash rate. This
addresses concerns that the local housing market sensitivities could be driven by differential
sensitivities to aggregate shocks, rather than interest rates per se.

We experimented with including controls for both local housing and labour market conditions, such
as rental growth and the local unemployment rate. However, the sample period (and frequency) for
which the local level controls are available is somewhat restricted. Over the smaller sample period,
the local controls do not meaningfully change the key results.*?

12 This provides some tentative evidence that the effects of monetary policy on housing price growth are not coming
through current rents but instead through its effect on housing price expectations and discount rates. But the lack of
data, and hence degrees of freedom, reduces the precision of the estimates.



4.2 Results

The estimates of the fi; coefficients (at a two-year horizon) for all local areas are plotted as a
density in Figure 2. As the density shows, the bulk of the coefficient estimates are negative, implying
that housing prices fall in response to tighter monetary policy in most local housing markets.
However, as is also clear, there is substantial heterogeneity in the response of local housing prices
to changes in monetary policy.

Figure 2: Housing Price Response Densities
100 basis point increase in cash rate, two-year horizon
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But how much of this heterogeneity is due to monetary policy per se, and how much is due to the
fact that some regions may be more sensitive to aggregate shocks, such as the national business
cycle, and monetary policy is responding endogenously to these aggregate shocks? We can examine
this by comparing the distributional effects of monetary policy when estimated both with and without
controls for macroeconomic conditions. We find that the densities are reasonably similar, though the
inclusion of controls for macroeconomic conditions produces slightly more negative responses and
‘flattens’ the distribution (Figure 2). This suggests that some of the heterogeneity across local
housing markets is due to varying sensitivity to the business cycle and that the effects of monetary
policy on local housing prices are stronger (and more dispersed) when we account for this.

We can also look at how this distribution evolves over time and hence examine the heterogeneity in
the dynamics of local housing prices in response to monetary policy (Figure 3). The responses follow
a similar pattern and are reasonably close immediately after the change in monetary policy.
However, the distribution widens over time. For example, in the median region, housing price falls
peak at 2.3 per cent after two years in response to a 100 basis point increase in the cash rate. But
at the 25th and 75th percentiles, housing prices fall by 0.9 per cent and 3.5 per cent in response to
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the same increase in the cash rate.!® This suggests that the dynamics of housing prices vary
substantially across time and local housing markets in response to interest rate changes.

Figure 3: Distribution of Unrestricted Housing Price Responses
100 basis point increase in cash rate, with controls, selected percentiles
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Sources:  ABS; Authors’ calculations; CorelLogic data; RBA
4.3 Inspecting the Mechanism

Given the wide cross-sectional distribution of housing price responses to monetary policy, we
examine factors that might be driving these differences. Guided by the theoretical framework, we
consider a range of possible drivers of the link between monetary policy and growth in housing
prices, including both housing demand and supply-side factors.

e Housing price expectations: existing research suggests that expectations could play an
important role in driving the heterogeneous effects of monetary policy (e.g. Kaplan, Moll and
Violante 2018; Ben-David, Towbin and Weber 2019). As such, we consider a range of variables
that are likely to be associated with household expectations about future capital gains. This
includes the extent to which housing supply is constrained by geography or regulation (Fischer
et al 2018; Kendall and Tulip 2018). For instance, expected housing price appreciation may vary
by region due to differences in available land supply (Himmelberg et a/ 2005; Glaeser, Gyourko
and Saiz 2008). But we also consider demand-side factors. For example, research indicates that
expectations of housing prices are linked to local economic conditions and household
demographics, including income (Niu and van Soest 2014). Also, housing investors may have

13 These estimates are smaller than estimates for other recent Australian studies. For example, Saunders and
Tulip (2019) and the RBA's MARTIN model estimate a peak effect of around 9 per cent and 4 per cent respectively,
following a temporary 100 basis point change in the cash rate. However, the Saunders and Tulip estimates are based
off a temporary three-year increase in the cash rate.
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different expectations of capital gains on housing relative to the rest of the population, so we also
include estimates of the share of investors in the population.

o Discount rates: there is empirical evidence that discount rates vary across (and even within)
individuals (Frederick, Loewenstein and O'Donoghue 2002). So it is plausible that discount rates
vary across regions. We consider a range of variables that may be associated with household
impatience, and therefore discount rates. Some studies suggest that households that are less
patient also have relatively low levels of net wealth (or high levels of debt) (e.g. Carroll
et al 2017). Therefore, their discount rates may be relatively sensitive to short-term interest rates,
such as the cash rate.'* It follows that regions that are more indebted may be more sensitive to
changes in monetary policy. We proxy for indebtedness across regions based on the share of
households with mortgage debt and the share of households that report spending more than 30
per cent of their income on housing costs. More generally, there can be a disconnect between
private discount rates and market interest rates because of personal preferences and experiences,
including exposure to market instruments (Glaeser, Gottlieb and Gyourko 2012). For example,
richer individuals could be more sensitive to changes in market interest rates as changes in market
interest rates directly affect their optimal asset allocation.

To assess the relative importance of each factor we take the housing price responses to a 100 basis
point increase in the cash rate at an eight-quarter horizon in our unrestricted model (3, from
Equation (2)) and explore the cross-sectional correlation across regions between the housing price
responses and various factors.

B = +QO+ 9 3)
where

e P is a vector of housing price responses, estimated from Equation (2), for each of 284 local
housing markets at an eight-quarter horizon;*®

e Q represents an n by p matrix of p explanatory variables (including factors associated with
housing price expectations, discount rates etc), and ® represents a p by 1 vector of coefficients;

e ( isaconstantand & is a white noise error.

We take two complementary approaches to study these cross-sectional correlations. First, we take
a ‘data-driven approach’ and implement some variable selection methods, including elastic net and
least angle regression (LAR).® We do this given it is difficult to know which variables to include in
the determinants of the local housing price responses and we want to avoid overfitting and selection
bias. We evaluate over 80 different local area characteristics. Most of the variables are derived from
regional data produced by the Australian Bureau of Statistics (ABS) or longitudinal household survey

14 In the model, the coefficient z; would be positive and relatively large, which implies a larger negative effect of
monetary policy on housing prices.

15 The sample is smaller than the population of SA3 regions due to missing data.

16 More information on these methods can be found in Hastie, Tibshirani and Friedman (2009).
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data obtained from the Household, Income and Labour Dynamics in Australia (HILDA) Survey.!” The
optimal model is chosen based on 10-fold cross validation and selecting the maximum penalty
(elastic net)/minimum step (LAR) that produces a mean squared error within one standard deviation
of the minimum mean squared error.

Second, we take a ‘judgement-based approach’ and examine multivariate OLS regressions for a
select number of variables across a range of time horizons.!® The variables chosen are informed by
both theory and the data-driven methods. A ‘general-to-specific’ approach is applied to narrow down
the variables to those that were more statistically significant.

The variables selected by the data-driven approach are presented in Table 1.1° The variables and
estimates chosen by the judgement-based approach are presented in Table 2. Based on these two
approaches, the factors determining the sensitivity of local housing prices to monetary policy can be
loosely tied to the theoretical framework outlined earlier and grouped under the following broad
headings:

¢ Housing price expectations:

o housing supply conditions (e.g. average price level; share of the value of the home due to
land)

o investor density (e.g. share of investors in the population)
¢ Discount rates:
o income per capita

o mortgage debt (e.g. share of households with mortgage debt; share of households paying
more than 30 per cent of their income on housing costs).

To be clear, this framework provides a useful way of summarising the determinants of the sensitivity
of local housing prices to monetary policy. But some variables could fit under either heading. For
example, average income may affect both people’s expectations about housing prices and their
degree of impatience. Similarly, housing investors may have different expectations and discount
rates to the broader population.

17 The ABS regional data are typically drawn from the Census or Australian Taxation Office (ATO) data. The full list of
variables can be found in Appendix A.

18 To fully account for the dynamics of housing price responses to monetary policy it is important to consider different
time horizons. It is possible that a variable may be important at one horizon but not at others. Though model selection
methods could be used we do not think that would produce interpretable results across multiple horizons. For more
consistent and interpretable results across time horizons we take signal from our model selection results while applying
judgement and focusing on OLS estimates.

19 Elastic net is less discriminate than LAR. This is because elastic net is designed to allow for ‘groupings’, which allows
for multiple highly correlated variables to be selected by averaging their effects, as opposed to choosing one over the
rest.
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Table 1: Determinants of Housing Price Responses
Selected by all methods — elastic net and LAR

Theme Elastic net Least angle regression Sensitivity
Income Median total income More
Median employee income Median employee income More
Hand-to-mouth households as a Less
share of working-age population
Share of individuals claiming low Share of individuals claiming low Less
income tax offset(® income tax offset(®
Share of working-age population Less
earning negative income
Low income tax offset per capita Less
Share of individuals earning Less
allowances, earnings, tips or
director fees®
Mortgage debt Share of households with high More
housing servicing costs
Mortgage servicing ratio Mortgage servicing ratio More
Housing servicing ratio Housing servicing ratio More
Housing supply conditions Average sales price Average sales price More
Average price growth Less
Investor concentration Rent interest deductions per capita Rent interest deductions per capita More
Share of individuals claiming rent Share of individuals claiming rent More
interest deductions(® interest deductions(®
Investor density as a share of the More
working-age population
Investor density as a share of the More
population
State/territory Victoria Victoria Less
Queensland Queensland More
Western Australia More
Notes: Details about the construction of the various measures are outlined in Appendix A

(a) ‘Share of individuals’ is based on individuals recorded by the ATO based on tax statistics

Sources:

ABS; Australian Taxation Office; Authors’ calculations; CorelLogic data; DSS and Melbourne Institute (2018); RBA
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Table 2: Determinants of Housing Price Responses
OLS regression estimates at various horizons

Variable Horizon
1-year 2-year 3-year
Median sale price (log level, dollars) -0.287 0.077 0.524
(-0.688) (0.138) (0.737)
Share of value determined by land (%) —0.012** -0.011 —0.022**
(-2.000) (—4.880) (—4.642)
Rent servicing share (%) 0.029 0.043 0.153**
(0.724) (0.768) (2.155)
Mortgage servicing share (%) —0.133**x* —0.236*** —0.300***
(-3.339) (—4.880) (—4.642)
Mortgagor rate (%) 0.008 0.004 -0.025
(0.806) (0.286) (-1.585)
Outright ownership rate (%) 0.033* 0.054*** 0.114%**
(1.824) (2.710) (4.596)
Investor density (%) —-0.036** —0.052%*x* —0.095%**
(-2.432) (=3.300) (—4.944)
Employee income (log level, dollars) —2.746** -3.181* -0.697
(-2.138) (-1.723) (-0.300)
Price growth (percentage change) 0.008**x* 0.012%*x* 0.015%**
(3.528) (4.215) (4.539)
R-squared 0.332 0.427 0.414
No of observations 274 274 274
Notes: State dummies for Victoria and Western Australia and constant are omitted from the table; standard errors are robust; *, **

and *** denote statistical significance at the 10, 5 and 1 per cent levels, respectively; £statistics are in parentheses
Sources:  ABS; Australian Taxation Office; Authors’ calculations; CorelLogic data; RBA

The results to these two complementary approaches yield a few key findings.

First, both the model selection and OLS results suggest that factors associated with housing supply
conditions are important. Specifically, the effect of monetary policy on housing prices is stronger in
local housing markets in which supply conditions are tight. For instance, the average sales price is
chosen by both selection methods and is likely associated with the availability of housing supply.
However, the coefficients are insignificant in the OLS regressions. But when the proportion of
housing value determined by land is included in the regressions this points to tighter supply
conditions producing larger housing price responses to monetary policy changes.

Second, investors appear to play an important role in housing market dynamics. Specifically,
investor-dense regions appear to be more sensitive to changes in monetary policy. The OLS
regression estimates indicate that an area with 10 percentage points more investors would
experience around a half a percentage point larger fall in housing prices two years after a 100 basis
point increase in the cash rate. This may indicate that, relative to the broader population, housing
investors have different expectations of capital gains on housing. Alternatively, due to personal
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preferences, housing investors may have discount rates that are more closely tied to short-term
interest rates.

Third, regions with relatively high average incomes display stronger responses to monetary policy.
The OLS estimates indicate that a 1 percentage point increase in income is associated with a
3.2 basis points larger negative response of housing prices two years after a percentage point
increase in the cash rate. This suggests that high income areas are more sensitive to monetary policy
because their discount rates are more closely tied to market interest rates (Glaeser et a/ 2012).%°
Alternatively, because average incomes are likely to be correlated with the value of local amenities,
it may be that areas with relatively high average incomes are those in which housing supply is tight
(and these supply conditions are not fully captured by the average housing price level).

Fourth, there is some evidence that, in more indebted regions, housing prices are more sensitive to
changes in interest rates. The model selection methods find that areas with relatively high housing
costs (either mortgage payments or rents) are more responsive to monetary policy. In addition, the
OLS model suggests that these results are driven by high mortgage servicing ratios, as opposed to
rental payments.

Lastly, we find evidence that the housing markets in Western Australia (more sensitive) and Victoria
(less sensitive) have systematically different responses to monetary policy compared to other states
and territories. This may reflect how monetary policy responds to activity in different states. In
particular, the Reserve Bank focuses on aggregate measures of economic activity and inflation in
setting monetary policy. For example, monetary policy may be less sensitive to activity in
Western Australia as its business cycle could be tied to factors that are unrepresentative for the rest
of Australia, such as global demand for commodities. Conversely, monetary policy could be more
sensitive to activity in Victoria where the business cycle is more representative of the aggregate
business cycle. This response could drive systematically different responses of housing prices to
monetary policy across states. Specifically, when economic activity is high in Victoria this likely
corresponds to increasing housing prices in Victoria. And if monetary policy were to tighten in
response to this economic activity it would serve to curb the housing price movements in Victoria;
resulting in more muted housing price responses. At the same time, if Western Australia’s economy
and housing market were weaker, the change in monetary policy could have a larger effect on the
Western Australian housing cycle. That is, monetary policy could offset housing cycles in one state
or territory and amplify them in another.

These variables are not an exhaustive list of possible determinants. Indeed, the R-squared on these
regressions range from 33 to 43 per cent, suggesting that the OLS models do not fully capture the
variation in housing price responses. It is possible that the local housing price sensitivities depend
on factors in a nonlinear fashion (e.g. interactions between debt and income). Such nonlinear effects
have not been considered. Moreover, the results are not necessarily causal (e.g. because the level
of mortgage debt depends on past changes in monetary policy). And the results are quite sensitive
to the choice of variables, the time horizon and the controls that are included in the baseline

20 Itis also consistent with US research that suggests that financing constraints have a limited effect on housing prices
because constrained individuals comprise a small share of the housing market. Instead, it is the unconstrained
individuals that drive housing prices (Kiyotaki, Michaelides and Nikolov 2011).
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regression. But the results do indicate that housing supply conditions are not the only factor that
matters to the sensitivity of local housing prices.?!

5. The Distributional Effects of Monetary Policy on Housing Wealth
5.1 Identification

Next, we estimate a version of the model where the focus is on the heterogeneity in price levels
across local housing markets. This version of the model directly tells us about the link between
monetary policy and inequality in housing wealth. For example, if changes in monetary policy affect
prices in expensive areas by more than in cheap areas, this would suggest that monetary policy
affects housing wealth inequality.

For this exercise, we adopt an alternative approach to the unrestricted model to control for
macroeconomic conditions. Specifically, time fixed effects are included in the model and the focus is
solely on the differences in sensitivity to monetary policy across local housing markets. If we estimate
Equation (1) as it stands and include time fixed effects (7, ) then we will not be able to separately
identify the effect of monetary policy (Arlt), as it only varies with time and hence is not linearly
independent:

APy = BAL + 17, + &

But we can still identify differences (from some baseline) in the sensitivity to monetary policy across
regions. To see this, suppose we have just two local housing markets, A and B, where region A is
more expensive on average than region B. We are interested in identifying whether more expensive
regions are more sensitive to monetary policy than less expensive regions. While we cannot estimate
the equation above, we can estimate this:

Apy =+ BAD* AL + 17, + &

where D is a dummy variable that is equal to one if the region is A and zero if the region is B. The
estimates of the time fixed effects will set the baseline (in this case, region B) and the estimate of
LS, will capture the difference between regions A and B in their sensitivity to monetary policy. We
can then test whether monetary policy has a different effect on housing price growth depending on
how expensive the region is.

As before, we also need to account for the fact that macroeconomic conditions can have differential
effects on local housing markets, and it may be that monetary policy is endogenously responding to
these changes in the economy. So, similar to before, we include controls for macroeconomic
conditions (AYt) and interact them with the dummy variable to control for these differential effects:

Apy = o+ BAD* AR +y,D*AY, + 7, + &

21 TItis worth noting that there are many variables that were tested and proved to not be correlated with the local housing
price sensitivity. These variables include those that have been identified in past research as being potentially important,
such as the age structure of the population (Wong 2019) and the industry composition of each region
(Vespignani 2013).
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The local housing markets are divided into price deciles depending on how expensive they are. To
do this we group regions based on their ‘initial” housing price level. We divide SA3 regions into price
deciles based on the average sale price between 1991 and 1994. We set each local housing market
to remain in the same decile over the sample period. This is to prevent endogenous changes in price
groups driven by monetary policy. This choice is supported by the data. Between the early 1990s
and 2019, only 6 per cent of local housing markets moved more than two price deciles. The
persistence of these gaps in pricing suggest that housing price differences are at least in part
determined by longer-term supply conditions, such as geographic or zoning constraints. (Gyourko,
Mayer and Sinai 2013).

We also impose the restriction that local housing markets in the same price decile respond similarly
to monetary policy ( 5 = B,Vie g ). We refer to this as the ‘restricted model".

100%( pygop = Piy ) = @ + 7 + Z:;ﬂg,hAcrt + Decile, + Z:;yg,hxt + Decile, +q, (4)
g- g-

where all the notation is as before, but now we also have an indicator variable equal to one if region i
belongs to national price decile g = 1,...,10 (Decileg). The set of coefficients ( By n ) represents the

effect of cash rate changes on housing prices h periods ahead for each decile g, after controlling for
changes in macroeconomic conditions (included in the control variables X:) The housing market
groupings non-parametrically allow different deciles to have different responses to monetary policy.
Adding time fixed effects (7,) to the model and removing the 5th decile (i.e. the 40th to

50th percentile) makes the 5th decile our benchmark (denoted by subscript b). The use of the
benchmark modifies the interpretation of the coefficients ( 3, ). These coefficients represent the

difference in the housing price response of decile g relative to the price response of the 5th decile.
In the baseline model, we include four lags of the change in the cash rate as well as controls for
year-ended growth in GDP, the terms of trade and the unemployment rate. We also allow these
controls to have differential effects on the price deciles by interacting them with the dummy variables
for each price decile.

5.2 Results

The estimated coefficients ( S, , ) of the restricted model are presented in Figure 4. Recall that this
model estimates the differential effect of monetary policy between price deciles and the median
group (the 5th decile). The results suggest that monetary policy has heterogeneous effects across
the distribution of price levels. Specifically, following an increase in the cash rate, housing prices in
more expensive housing markets (the upper deciles) fall more strongly than prices in cheaper
markets (the lower deciles).
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Figure 4: Differential Housing Price Response to Monetary Policy
100 basis point increase in cash rate, relative to median price group, by horizon
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Note: Colours represent level of significance of estimated coefficients using standard errors clustered across time and state (or
territory)
Sources:  ABS; Authors’ calculations; CorelLogic data; RBA

The largest differences in response to monetary policy changes occur in the top half of the price
distribution. We find that a 100 basis point increase in the cash rate is associated with housing prices
falling by more in the expensive areas after about three quarters. The peak difference in housing
price responses occurs six quarters following the change in monetary policy at about —1.4 per cent,
on average. This implies, for example, that housing prices would fall by about 3.7 per cent in the
top four price deciles if prices in the median area fall by 2.3 per cent in response to a 100 basis point
increase in the cash rate. In the bottom half of the price distribution, local areas appear to be less
sensitive to changes in the cash rate than the median area, though the evidence is less clear.

The differential effects of monetary policy changes on housing prices appear to be temporary. The
differences across all price deciles becomes statistically insignificant beyond two years. These spatial
deviations in prices are indicative of housing market frictions, as price differentials should not be
observed in efficient markets. These frictions could reflect transaction costs, home bias of buyers or
asymmetric information. However, the temporary nature of the price differentials suggest that the
frictions dissipate over time.??

22 The analysis uses a hedonic index to measure housing prices so as to abstract from differences in the quality of
housing. But part of the heterogeneity in the response of local housing markets may be through changes in housing
quality, leading us to underestimate the differential effects of monetary policy. We also estimate the restricted model
using median sales prices as the dependent variable. The baseline results are robust to this change. The expensive
areas respond by more, and the heterogeneity in price responses across regions is very similar. This suggests that the
quality of the housing stock does not change much in response to monetary policy over a two-year horizon.
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53 Housing Supply Factors

So why are more expensive areas more sensitive to monetary policy? A possible explanation is that
more expensive areas are more constrained in terms of new housing supply. In the long-run, housing
prices should move in line with construction costs. But there is evidence of systematic short-run
deviations, which suggests that land availability matters (Himmelberg et a/2005).

We test this hypothesis by separately estimating the effect of monetary policy on the price
distribution of detached homes and apartments across local areas. Detached houses are naturally
more sensitive to changes in land value than apartments, as land represents a larger proportion of
the value of detached houses (Kendall and Tulip 2018). So, if land availability matters, then monetary
policy should be able to affect the price distribution of detached houses more than the price
distribution of apartments. In our asset pricing model, this would be represented through a more
negative value of J; for detached houses than apartments.

To estimate these models, we redefine the price deciles for houses and apartments separately. This
allows us to directly answer if monetary policy alters the price distribution of houses or apartments.?
Our results provide some weak evidence for the ‘land availability hypothesis’. We find that the price
distribution of detached houses are slightly more sensitive than apartments to cash rate changes
(Figure 5). Here, in response to a 100 basis point increase in cash rate, the peak difference between
the most expensive 30 per cent of areas and the median group for detached houses and apartments
is on average —1.2 and —1.5 percentage points, respectively. The key difference between the
responses of houses and apartments occurs at the lower end of the price distribution. For detached
houses, areas in the cheapest 30 per cent of areas experience a differential response to the median
group of around 1.6 percentage points. These effects are statistically significant. However, for
apartments in price groups below the median, the differences in price response to changes in
monetary policy relative to the median group are small and statistically insignificant. This provides
some evidence to suggest that changes in monetary policy do not meaningfully alter the distribution
of apartment prices across regions.

Evaluating the estimates jointly, we find that the differences between the estimates for houses and
apartments are not statistically different from one another. Moreover, it is difficult to determine if
these effects are confounded by the degree of substitutability between apartments and houses. For
example, increases in house prices may spillover into the apartments if the demand to own housing
is inelastic. Overall, we view these results as weak evidence to land availability driving the
heterogeneous response of housing prices across the distribution of housing wealth.

23 Estimates when using the price groups defined in our baseline restricted model produce a similar finding that there is
no strong evidence for land availability driving the heterogeneous response of housing prices across the distribution
of housing wealth.
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Figure 5: Detached Houses versus Apartments
100 basis point increase in cash rate, relative to median price group, six-quarter horizon
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Sources:  ABS; Authors’ calculations; CorelLogic data; RBA

An alternative approach to capture the role of land is to disentangle the land value from the cost of
the structure following the methodology of Kendall and Tulip (2018).2* Specifically, for each local
area, we estimate a hedonic regression on home sale unit record data. We then calculate the physical
land component of a dwelling by taking the average sales price and multiplying it by the estimated
coefficient of land on price (i.e. elasticity of price to land). The local areas can then be divided into
deciles based on the share of the sales price that is accounted for by the physical land component.
And then we can re-estimate the restricted model using these new groupings and explore the
variation across local areas based on the value of physical land.

The deciles using this measure of value determined by land differ from the baseline specification
that divides areas by average sales price from the early 1990s. The correlation between the measure
of proportion of value determined by land in an area and average sales price is 0.41, suggesting
that there is some overlap between the groupings but enough difference to be indicative if the land
availability hypothesis is a valid explanation to the differentials generated in our baseline restricted
model.

Doing so, we find that housing prices are more sensitive to the cash rate in areas where land is
valuable (Figure 6). Specifically, following a 100 basis point increase in the cash rate, the top two
deciles experience a larger fall in housing prices relative to then benchmark group. This effect peaks
at around —1.34 per cent, six quarters following the change in the cash rate. These effect sizes and

24 More details in Appendix B.
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timings are comparable to our baseline restricted model estimates. These results are consistent with
land availability being an important driver of the heterogeneity in sensitivity to monetary policy
across housing price levels.?

Figure 6: Division by Proportion of Value Determined by Physical Land
100 basis point increase in cash rate, relative to median group, by horizon
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Overall, we find some evidence to suggest that land availability plays some role in driving the
heterogeneous response of housing prices across price deciles. However, the results comparing
apartment and housing prices suggest other factors could also be important. This is consistent with
the previous section that found a variety of factors related to both supply and demand are important
in explaining the distribution of responses of housing prices across all local areas.

25 We also tested whether supply constraints were driving the price responses by examining how dwelling investment
responds to monetary policy changes across local housing markets. However, our proxy for dwelling investment —
home building approvals — was too noisy at a quarterly frequency (and over a relatively short time window) to generate
any meaningful results.
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6. Robustness Tests
6.1 Alternative Measures of Monetary Policy

We re-estimate the unrestricted model but replace the cash rate with a plausibly exogenous measure
of monetary policy. Following Romer and Romer (2004), we estimate a series of monetary policy
‘shocks’. Unlike our baseline models, these shocks attempt to isolate the unexpected component of
monetary policy changes.

This monetary policy shock series is constructed by purging changes in the cash rate of information
in the Reserve Bank’s forecasts of unemployment, real GDP and inflation (Bishop and Tulip 2017).
Following Beckers (2020), this shock measure is extended to also account for credit spreads and we
also include an autoregressive (AR(1)) forecast of housing prices. We include credit spreads as they
appear to have predictive power over and above the Reserve Bank’s forecasts in forecasting cash
rate changes. Moreover, accounting for an AR(1) forecast of housing prices explicitly models any
response in the cash rate to housing price information.?®

fc fc m
Act, = a+ piCh_y + Yy B+ CSyy + Hijyph + &

Where:

Acr, is the quarterly change in the cash rate;
e CI_, is the quarterly lag of the cash rate level,
° Y fc

el represents the Reserve Bank’s forecasts and forecast revisions of real GDP, inflation and
unemployment (two-quarters-ahead);

e CS; is a measure of credit spreads used in Beckers (2020), including: the spread between the
3-month bank-accepted bill (BAB) rate and the 3-month Australian dollar overnight indexed swap
(QIS), the spread between the average large business variable lending rate and the 3-month BAB
rate, and the US BAA 10-year spread;

Htffmt is an AR(1) forecast and forecast revisions of real housing prices (two-quarters-ahead).

The estimated residuals (&) represent monetary policy shocks (or deviations from a forward-

looking monetary policy rule). Substituting the monetary policy shocks (&) in place for cash rate
changes ( Acr,) gives us the following equation:

100*( Pit+h — Pit ) =y + Bl + X0+ (5)

26 Itis possible to calculate the absolute effects of monetary policy on housing prices across regions using these shocks.
However, an ideal measure of monetary policy shocks would purge changes in the cash rate only from anticipated
changes in housing prices. This measure purges more than just the anticipated changes.
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where g, is the estimated effect of monetary policy on housing prices for region i.

Using this alternate measure of monetary policy in the unrestricted model produces quite a different
distribution of housing price responses. Figure 7 compares the distribution of responses using the
Romer and Romer-style shocks against the cash rate changes. The results suggest that two years
after a 100 basis point increase in monetary policy the median area experiences a 9 percentage
point decline in housing prices, while the 25th and 75th percentiles experience declines of 4 per cent
and 14 per cent, respectively. The centre of the distribution differs, and the variance of the
distribution is clearly larger. This provides further evidence that monetary policy has strong
distributional effects across local housing markets. And it may suggest that there are other
unobserved factors that drive both changes in monetary policy and heterogeneous effects across
local housing markets that are not well captured by the controls for macroeconomic conditions.
However, we believe that mismeasurement is also an issue with these shocks as demonstrated by
the greater uncertainty around the estimates.

Figure 7: Housing Price Response Densities
100 basis point increase in cash rate, two-year horizon
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6.2 Alternative Measures of Local Housing Markets

It may be the case that the results from the restricted model are affected by the differences between
metropolitan and regional local housing markets. To explore whether metropolitan and regional
areas display different levels of heterogeneity, we re-estimate the restricted model using only the
sample of metro areas. By removing areas outside of the greater capital cities, the sample of local
housing markets is reduced to 156. We divide these metro areas into price quintiles to account for
the smaller number of areas.

The results suggest that the variation in housing price responses across local housing markets is
only partially explained by differences between regional and metro areas (Figure 8). Even within
metro areas, in response to an increase in the cash rate more expensive markets experience larger
falls in housing prices relative to the median. This is consistent with the earlier observation that,
even within states, housing price growth can vary substantially.

Figure 8: Differential Housing Price Response to Monetary Policy
100 basis point increase in cash rate, relative to median price group, by horizon
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7. Conclusion

We document a wide distribution in the effect of monetary policy across local housing markets.
Looking into this distribution, we find evidence that these differences in local housing price responses
to monetary policy are partially explained by factors such as housing supply conditions, mortgage
debt, investor concentration and average income. This speaks to the underlying transmission of
monetary policy and suggests that the effectiveness of monetary policy through the housing market
is dependent on the state of the economy. Specifically, monetary policy could have larger effects on
housing prices when supply constraints are binding, mortgage debt is higher, there are more
investors and incomes are higher, all other things being equal. And while the estimates are not
causal in nature, the results do suggest that it is important to account for a wide range of factors
when analysing the effects of monetary policy on housing market dynamics.

We also explore how monetary policy effects the distribution of housing wealth. Our results show
that housing prices in the most expensive areas are the most sensitive to interest rate changes,
indicating that monetary policy can change the distribution of housing wealth. We find some
evidence that the available supply of land partly explains this result. Our results also suggest that
the distributional effects on housing wealth are temporary, with the effects of monetary policy across
the price distribution converging over time.
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Appendix A: Data Description

Table Al: Variables Used in Unrestricted and Restricted Models

Variable Source Start date End date Frequency
Hedonic dwelling price index Corelogic March 1990 June 2019 Quarterly
Hedonic house price index Corelogic March 1990 June 2019 Quarterly
Hedonic apartment price index Corelogic March 1990 June 2019 Quarterly
Median sales price Corelogic March 1990 June 2019 Quarterly
Cash rate target RBA March 1990 June 2019 Quarterly
GDP growth, year-ended ABS March 1990 June 2019 Quarterly
Unemployment rate ABS March 1990 June 2019 Quarterly
Terms of trade ABS March 1990 June 2019 Quarterly
RBA forecasts of unemployment, RBA September 1992  September 2018 Quarterly
real GDP and inflation
Forecast of aggregate Corelogic, ABS and September 1992  September 2018 Quarterly
real housing index authors’ calculations
Credit measure spreads Beckers (2020) September 1992  September 2018 Quarterly
Table A2: Model Selection Variables
(continued next page)
Variable Description Source Year
Population density Population per square metre ABS Census, 1991, 2016
Australian Statistical
Geography Standard
(ASGS)
Dwelling density Number of dwellings per square ABS Census, ASGS 1991, 2016
metre
Median age ABS Census 2016
Mortgagor rate Share of dwellings owned with a ABS Census 2016
mortgage; per cent
Ownership rate Share of dwellings owned with a ABS Census 2016
mortgage or outright; per cent
Outright ownership rate Share of dwellings owned outright; ABS Census 2016
per cent
Renter rate Share of dwellings rented; per cent ABS Census 2016
Share of workers in mining, Share of working-age population; ABS Census 2016
manufacturing or financial industry per cent
Share of workers in Share of working-age population in ABS Census 2016
‘cyclical’ industries construction, accommodation, and
food or retail trade; per cent
Apartment share Share of dwellings that are ABS Census 2016
apartments; per cent
Income growth Percentage points ABS Census 2006, 2011,

2016
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Table A2: Model Selection Variables

(continued next page)

Variable Description Source Year
Share rent interest deductions® Share of individuals with rent ATO 2016/17

interest deductions; per cent
Rent interest deductions per capita Log level (dollars) ATO 2016/17
Share of individuals with rental Per cent ATO 2016/17
income(®
Rental profit per capita Log level (dollars) ATO 2016/17
Share of individuals with interest Per cent ATO 2016/17
income(@
Share of individuals with net capital Per cent ATO 2016/17
gains@
Net capital gains per capita Log level (dollars) ATO 2016/17
Share of individuals with unfranked Per cent ATO 2016/17
dividends®
Share of individuals with franked Per cent ATO 2016/17
dividends®
Share of individuals with franked Per cent ATO 2016/17
dividend credits®
Share of individuals with dividend Per cent ATO 2016/17
deductions@
Unfranked dividends per capita Log level (dollars) ATO 2016/17
Franked dividends per capita Log level (dollars) ATO 2016/17
Franked dividend credits per capita Log level (dollars) ATO 2016/17
Dividend deductions per capita Log level (dollars) ATO 2016/17
Share of individuals with salary or Per cent ATO 2016/17
wages(@
Salary or wage per capita Log level (dollars) ATO 2016/17
Taxable income per capita Log level (dollars) ATO 2016/17
Share of individuals with low income Per cent ATO 2016/17
tax offset(®
Low income tax offset per capita Log level (dollars) ATO 2016/17
Share of individuals with allowance, Per cent ATO 2016/17
earnings, tips, director fees(@
Allowance, earnings, tips, director fees  Log level (dollars) ATO 2016/17
per capita
Median investment income Log level (dollars) ABS 2016
Mean investment income Log level (dollars) ABS 2016
Median employee income Log level (dollars) ABS 2016
Median total income excluding Log level (dollars) ABS 2016
government pensions
Share of working-age population Per cent ABS 2016
earning negative income per week
Share of working-age population Per cent ABS 2016
earning no income per week
Share of working-age population Per cent ABS 2016

earning between $1-$499 per week
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Table A2: Model Selection Variables

(continued next page)
Variable Description Source Year
Share of working-age population Per cent ABS 2016
earning between $500-$999 per week
High mortgage servicing Share of households with mortgage ABS 2016
repayments greater than or equal to
30 per cent of household income
High rent servicing Share of households with rental ABS 2016
payments greater than or equal to
30 per cent of household income
Share of population on age pension Per cent ABS 2018
Household net worth Log level (dollars) ABS 2016
Share of hand-to-mouth households As defined by La Cava, Hughson HILDA 2002, 2006,
and Kaplan (2016); per cent 2010, 2014
Share of wealthy hand-to-mouth As defined by La Cava et a/(2016); HILDA 2002, 2006,
households per cent 2010, 2014
Share of poor hand-to-mouth As defined by La Cava et a/(2016); HILDA 2002, 2006,
households per cent 2010, 2014
Mean net worth Log level (dollars) HILDA 2002, 2006,
2010, 2014
Mean liquid wealth Log level (dollars) HILDA 2002, 2006,
2010, 2014
Mean illiquid wealth Log level (dollars) HILDA 2002, 2006,
2010, 2014
Share of housing value determined by See Appendix B for details; per cent CoreLogic; RBA 2015-16
‘zoning’
Share of housing value determined by See Appendix B for details; per cent Corelogic; RBA 2015-16
land
Share of housing value determined by See Appendix B for details; per cent CoreLogic; RBA 2015-16
physical land
Share of housing value determined by See Appendix B for details; per cent CoreLogic; RBA 2015-16
structure
Mortgage servicing share Median mortgage payment as a ABS Census 2016
percentage of median household
income; per cent
Rent servicing share Median rent payment as a ABS Census 2016
percentage of median household
income; per cent
Housing servicing share Weighted average of mortgage and ABS Census 2016
rent servicing ratios; weighted by
share of households with mortgages
or are renters
Investor density (working-age Share of working-age population ABS Census 2016
population) with investment income; per cent
Investor density (population) Share of population with investment ABS Census 2016
income; per cent
Investment-to-total income ratio Median investment income divided ABS Census 2016

by median total income excluding
government pensions
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Table A2: Model Selection Variables

(continued)

Variable Description Source Year
Share on government benefits Share of working-age population ABS Census 2016

that receive Newstart or parenting

payments
Share of working-age population Per cent ABS Census 2016
earning at or below $999 per week
Average unemployment rate Per cent ABS 2010-18
Median household income Log level (dollars) ABS Census 1991
Median individual income Log level (dollars) ABS Census 1991
Unemployment rate Per cent ABS Census 1991
Employment-to-working-age population  Per cent ABS Census 1991
rate
Rental growth Percentage points Corelogic 2005-18
Average sales growth Log level (dollars) Corelogic 1991-94
Housing price growth Growth in hedonic dwelling price Corelogic 1994-19

index; percentage change
Notes: State and territory indicators of SA3s are also included in the elastic net and LAR

(a) ‘Share of individuals’ is based on individuals recorded by the ATO based on tax statistics
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Appendix B: Kendall and Tulip

To determine the proportion of value determined by land (physical land — the marginal value of land
— and ‘zoning’ effects) in an area, we estimate a hedonic index for each local area (SA3) and impute
the proportion of value that can be attributed to structure and land. This approach is the same used
in Kendall and Tulip (2018). It assumes that the value of a property can be broken into a land
component and a structure component.

Market value of dwelling = Land + Structure

The Land component can be further decomposed into a physical land and zoning effect component.

Market value of dwelling = Physical land + Zoning effect + Structure

Using the same unit record data from CorelLogic on housing sales, we take all housing sales that
meet the following criteria:

e sold in 2015 or 2016; we do not use sales in the early 1990s due to data limitations in building
approvals

¢ land area less than 8093.7 square metres; as used in Kendall and Tulip (2018)

o for the period and SA3 region, the property is not below the 1st percentile or above the
99th percentile in sales price or land area.

For each SA3 area we run the following regression:

log (Sales price; ) =p In(Land area, )+,82No of bedrooms;, + S;Noof bathrooms; (B1)
+T + g +0),

where j represents a dwelling in suburb s within an SA3; 7, represent time fixed effects; and ¢;
represent suburb fixed effects.

To determine the value of structure for each region we impute the average real cost per square
metre of houses from building approvals data over the ten years to 2016. These data are sourced
from the ABS building approvals data. For areas where more than half the houses sold were built on
or before 1950, we again follow Kendall and Tulip (2018) and add a 40 per cent premium to the
calculated structure value to account for differentials in the value of various period houses relative
to modern houses.

The land component of an area’s housing value is determined by the mean sales price minus the
calculated value of structure for the area

Average land value = Mean sales price — Structural value
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The value of the physical component of land determined by the structure is the mean sales price
multiplied by S, from Equation (B1). The value of land attributed to ‘zoning’ is the residual value of
land not attributed to the physical component.

Average physical land value = Mean sales price * 3,
Average zoning value = Mean sales price — Average physical land value

The proportions are obtained by dividing each component by the mean sales price. We include all
proportions in the model selection procedures of Section 4.3. And we only use the proportion of the
physical land in Section 5.3, as we find that this variable is significant in our regressions in Table 2.
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Appendix C: Rolling Samples

To assess the stability of our estimates we conduct rolling regressions. We re-estimate our baseline
model taking 15-year samples from 1990 to 2019. Our full-sample results are robust to this change.

Figure C1 shows the six-quarter-ahead housing price responses using different sub-samples of the
data. The earliest sub-sample (1990:Q1-2005:Q2) shows similar results to our baseline; more
expensive regions respond more to changes in monetary policy than the median group. However,
the magnitudes are slightly larger with the average of the top four deciles being —2.23 percentage
points. The latest sub-sample (2004:Q3-2019:Q3) provides some evidence to suggest that the
distributional effects of monetary policy on housing wealth has become weaker over time, with more
expensive areas experiencing similar housing price responses to the median group. However, the
differences between the estimates across sub-samples are not statistically distinguishable from one
another.

Figure C1: Differential Housing Price Response to Monetary Policy
100 basis point increase in cash rate, relative to median, six-quarter horizon

% 1990:Q1-2005:Q1 2004:Q3-2019:Q3 %
1
0
-1
-2
-3
_4'||||||||||||||||||_4
1234567 891012 345678 910
Group Group
M 5% M 10% [ Insignificant
Note: Colours represent level of significance of estimated coefficients using standard errors clustered across time and state (or

territory)
Sources:  ABS; Authors’ calculations; Corelogic data; RBA
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HILDA Disclaimer

This paper uses unit record data from the Household, Income and Labour Dynamics in Australia
(HILDA) Survey. The unit record data from the HILDA Survey was obtained from the Australian Data
Archive, which is hosted by The Australian National University. The HILDA Survey was initiated and
is funded by the Australian Government Department of Social Services (DSS) and is managed by the
Melbourne Institute of Applied Economic and Social Research (Melbourne Institute). The findings
and views based on the data, however, are those of the authors and should not be attributed to the
Australian Government, DSS, the Melbourne Institute, the Australian Data Archive or The Australian
National University and none of those entities bear any responsibility for the analysis or interpretation
of the unit record data from the HILDA Survey provided by the authors.

CorelLogic Disclaimer
The following Disclaimer Notice applies to content that uses data from CoreLogic:

This publication contains data, analytics, statistics, results and other information licensed to us by
RP Data Pty Ltd trading as CorelLogic Asia Pacific (CoreLogic Data)

© Copyright 2020. RP Data Pty Ltd trading as CoreLogic Asia Pacific (CoreLogic) and its licensors
are the sole and exclusive owners of all rights, title and interest (including intellectual property rights)
subsisting in the CoreLogic Data reproduced in this publication. All rights reserved.

The CoreLogic Data provided in this publication is of a general nature and should not be construed
as specific advice or relied upon in lieu of appropriate professional advice.

While CorelLogic uses commercially reasonable efforts to ensure the CorelLogic Data is current,
CoreLogic does not warrant the accuracy, currency or completeness of the CoreLogic Data and to
the full extent permitted by law excludes all loss or damage howsoever arising (including through
negligence) in connection with the CoreLogic Data.
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