Monetary Policy and the Housing Market Evidence from National Microdata

Jeremy G. Moultch
University of North Carolina ChapelHill

Scott A. Wentlandf
Bureau of Economic Analysis

Decemben4, 2017

Abstract

When the Federal Open Market Committe@OMC) makes monetary policy announcements,

liquid marketstend toreact immediately to both the direct change (or holding steady) of short

term rates and expectations about the future path of monetary policy. In this paper, we examine
the extent to whicka much less liquid market, residential housirggponds tanonetary policy
announcements using a novel micro dataset that cowdliens of individual property
transactionsnationaly. Rather than using monthly or quarterly aggregated de¢ause the

uder |l ying microdata RADaidmaetda fsreotn) ZtiHd towi n dlZur
on individual transactions as wel arrespondinghome characteristicdor each property
Methodologically, transactionstra-monthly data better exploits the timg of the
announcements for cleaner identification, providing new insights into how monetary policy
shocksaffect a market that makes up a substantial portion of the econohefe interest rates

are thought to play a key rol&mpirically, we compare the f f e c t of Asurpriseo
tofexpectedod announc eusing ratregresm rdiscdntinuitye despm (RDE),s

finding that monetary policy surprises generaly have a more potent, immediate impact on home
prices. Further, we ekpe the effets of quantitative easing on this market, as wel as
geographical variation in home price response to monetary policy more generally.
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Monetary Policy and the Housing Market Evidence from National Microdata

1. Introduction

The housing market playsattical role in the U.Seconomy andhe business cyclmore
generaly Some have goneso far asto clamt h a't A h o ussthe rbgsinessecycked y a s
Edward Leamer (2014)rovocatively titled his recerdrticle in the Journal of Money, Credit,
and Banking The U.S. experience during the Great Recessgotainly conforradto this notion,
as much of the fallout inthe financialcrisis stemmed directly from the housing sector and the
corresponding bust near the end of the last decade. In response to these events, the Federal
Reservelowered its target rate (eventualy to near zero) guldd a variety of policy levers (e.g.
guantitative easing, expansion of its term auction facilty, eticagn attempt to limit the damage
and aid i n the Henoentbempupase of i papee is Yo. investigate the
following: when the Fed has madéese decisionsare key sectors like the housing market

noticeably affected immediately, or are the e

There is ample evidence from financial markets that Federal Reserve policy
announcements can have an immedmigact. Since 1994 the Federal Open Market Committee
(FOMC) has systematically announced its policy decisions after scheduled meetings (usually at
2:15 p.m. ET), communicating their stance on monetary policy via their federal funds rate target
and ration&/outlook. Financial markets react to these announcements duikievidenced by
trading data from debt and equity markets where prices incorporate the stated policy target and

whatever new information that has been communicated about the futuref pathesary policy,

1 On how market interest rates respond to the Fed, see, for example, Cook ar(d988hiRomer and Romer

(2000), Kuttner (2001), Piazzesi (2002), as well as more recent work on how quantitative easing (QE) impacted
rates, like Hancock and Passmore (2011), Swanson (2011), Wright (2012), Hamilton and Wu (2012), Christensen
and Rudebusc{?012).



often within seconds or minutes of the releasghe financial economics literature has studied
t his extensively, l everaging high guality dat

I mpact, using announckseotremarket. as feventsod or sh

Unlike financial data, key housing data like the number of housing stamtionalprice
indices generally come to polieyakers in monthhor quarterlyaggregates and are released on
regular schedules, with much of the intrenth variation concealedy the topline numbers.
Becausethis data and othernonfinancial data are often only availableto researcherat these
coarse time intervalsan identicalvery shortterm event study approach cannot be implemented
effectively, andvecor autoregressionVAR) analysis or other empirical approaches are often
used to study monetary policy shocks on the real ecomway longer periods of timeMitton
Friedman and Anna Schwartz (198pvide an example of an early, seminal case of emiyirica
evaluating the effects of monetary polcy on the economy uainigng history of Federal
Reserve policy actiondBased on their empirical worvhich was complete by not yet in print at
that point) Friedman (1961) famously concluded iWdaurnal of Palitical Economypiece that,
Amonetary actions affect economic conditions

447)

While a deep literature haseevaluated® r i e d olemsiice the 19605 it raises a
relevant empirical question that, #imks to better data, we can explore in new ways: is there

evidence that monetary policy caauseanimmediaé impacton key sectors of the real economy

2 For examples on how Fed policy changes affect asset and equity markets, see Bernanke and Kuttner (2005), or
more recently Kontonikas MacDonald, and Saggu (2013), Nakamura and Steinsson (2013), Lucca and Moench
52015), Johnson and Paye (2016)] &tueller, Tahbasalehi, and Vedolion (2017).

In addition to Fed announcements, there is also a large literature showing how financial markets respond quickly to
macroeconomic news and other events, for example Barber and Odean (2007), Brenner,effasguodri
Subrahmanyam (2009), Lee (2011), and Bernile, Hu, and Tang (2016).

‘See Rameyds (2016) survey of the empirical work sinc
and their Pr ddandlpektofiMaaroedonomics t h e
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like housing? Given that the housing market is generally not as liquidotter markets,

especialy fla nc i a l mar ket s, It I's not obvious that
very quickly, and, i f there is any mar ket t hat may |
be this one Our goalis to evaluate this clairempirically using nationk (transactiorevel)

microdata, exploiting rich intra-month variation in home prices to determine whether policy

decisomdo i n fact 6affect economic condit®d ons on|

We employ a new data seritially compied by Zilow ( ZTRAX0 d a't, avhicls e t )
contains detailed information about hundreds of milions of real estate transactions spanning
more than two decades across the United States. A key advantage of this kind of data is that we
have a national sample of using transactionghat occurat a dailylevel, which we can use to
examine periods just before and just after a monetary policy announcement in the spirit of an
event study frameworkndeed, anouncements occur at various times throughout a given month
(and sometimes within the same month), satstrmonthly-level datawil likely suffer from
substantiaimeasurement errdiwhere a latanonth announcement may have a different impact
on the following month(s) than an early month announcemehtlis measwment error could
explain, at least in part, why researchéts Friedman and Schwartz (among numerous ether
since) may find limited evidence of an immediate impact on the real ecqonsupporting the
6l ong and vima rnuaber of dontextdethodulogically, the carsaessof monthly
and quarterly datalso concealimportant variation thais key for researchers to identiy given
monetary shogkand, our aim ido exploit the intramonth variation in home pricebat our data

allows, more appopriately identiing the timing of the monetary policy shock.

We find thatmonetary policy decisions, in faactan have an immediate impact on the

national housing market, particularly when the rate changes are a surprise or, in the case of



guantitativeeasing,whenthe policy is oriented toward putting direct pressure on-ieng rates.
Specifically,we find that @ unexpectedate cut resulted in a roughly 2 percent increase in home
prices in the run up to the recessi@and a larger effect during thieousing bust and the
beginning of the recession (2007 to 2008) at 2 to 5 perdéeise effects werargerin the so
caledi s a nd (Arizoma, €adfaynia, Florida, Nevadahat experieced a pronounced bubble
prior to the recession, beixperiencedmaller effectsduring the recessioand recoveryWe find

that expected rate changes may haffectedhome prices, but consistent with thedhe effect

is generally much smaller and not statistically significant in all specificatbne more recent
data suggests thahe quantitative easingperations that were moiencretely directed toward
expanding ttérra se€ustiesdpsrtfolibanch@peration Twist more dramaticalyere

able to provide accommodative support to home prices during tlowengy following the Great
RecessionHowever, theevidence suggesthat the Fed was most successful in stimulating the
housing sectoin the non-sand states, which were not nearly aslverselyaffected by the
recessiorand housing bustn particular,we find that home prices rose by roughly 1.5 percent in
sand states following expansionary changes to quantitative easing, compared to 2.2 to 5.3 percent

in nonsand states

This study makes several cdintitions. First, the results suggest thame prics, despite
being a less liqguid marketcan respond immediately to monetary policy shpdisth to
traditional interest rate changes and to less conventional QE policies that targetedelonger
assets This is consistent with recent lteratutdat has sbwn that QE policies immediately
moved real estatgelated financial markets like mortgage backed securities (Hancock and
Passmore, 2015), mortgage rates (Wang, 2016), and real estate investment trusts or REIT

maikets (Gabriel and Lutz, 2017)At first the fact that the real sector is mirroring its financial



counterpartsmay appear banabut, we note that financial markets often immediately capitalize
expectations o6l ong and variabled lags in sales for
stock vduations often move well ahead of real sales on the dyoudence, the immediate
response from financial marketeay not necessarily be indicativef a quick reaction from the

correspondingreal sectgrwhich motivatesmuch ofour analysis here.

Secmd, using micro data, we apply methods from the applied microeconomics literature
to answer this ostensibly macro question. As we alluded to abawd af themacroliterature
to this point has used monthly or quarterly aggregatesxamnine the effect amonetary policy
on housing markets. The dominant empiric@thodology is to use AR or some variation of
this (e.g.factoraugmented VAR oFAVAR) that exploits aggregate variation over time
some cases the studies footheudomestic housiognmartked feyg. pol i
Del Negro and Otrok [2007)VargasSiva [2008], VargasSiva [2008b],Gupta and Kabundi
[2010], McDonald and Stokes [2013hnd Rahal [2016]), whie others exploit international
crosssectional evidence using a simiemethodology (e.gAhearne Ammer, Doyle, Kole, and
Martin [2005], Goodhart and Hofman [2008Jacoviello and Minetti [2008], Bjgrnland and
Jacobsen[2010], Calza, Monaceli, and Stracc@013], Eickmeier and Hofmann[2013], and
GambacortaHofmann, and BPersmarn2014]). More specificaly, we employ a simple regression
discontinuity (RD) design where time is the running variable and the FOMC announcement is
the Aevento or day that identifies the discon
prices and potential trend changes that directly correspond with the timing of a given monetary

policy change.

Third, we further explore the role monetary policy played in the bubble, bust, and

recovery by investigating whether decisions had different itlspamong more bubbly, smalled



isand astompaeed tthe rest of the countryThe data allows us to control for a rich set

of property characteristics for each homewed as location, which wealso utiize to explore the

extent to which monetgirpolicy has heterogeneous effects across geogrépmonetary policy

alone was responsible for the bubble and bust in the U.S. housing market, then we might observe
a consistently more dramatic impact of monetary policy on the sand states than elséwhere
fact, the data shows thptior to the recession there was a slightly higher effect size for surprise
rate cuts, however other types of monetary policy changes were relatively largersandon

states

Finally, while the housing sector is erttical sector in its own right, there is a large
Iiterature that explores howhousing wealth spills into economic activity of other sectors. For
example, a change in housing wealth is often cited as a mechanism through which monetary
policy can affect consumes pending and ot her aspects of t he
Campbdland Cocco [2007], Attanasio, Blovijamiton, and Leicester [2009{;arroll, Otsuka,
and Slacalek[2011], Mian, Rao, K. and Sufi[2013]), Browning, Ggrtz and LethPetersen
[2013]). A better understamy of house price dynamic# response to monetary policy

particularly in the short run, has broader implications the economy more generally.

2. Data

We use residential real estate microdata from ZTRAX, a dataset compiled bytA#low
contains transaction data as well as rich individual property characteristics for sales recorded
from | ocal tax assessment dat a. The coverage

national housing market, intially containing 374 wonili detailed records of transactions across



more than 2,750 countésyhi ch includes information on each
mortgage information, foreclosure status, and other information commonly disclosed by a local
tax assesserloisnkoftfhiicse.dawa wit h e ghatBillowhatssatne 6 s p-
obtains from the |l ocal assessoro6s office, whi
feet), number of bedrooms and bathrooms, year built, and a variety of othectehsties of the

home® Because each localty may report certain data differently, it was a heroic effort on
Zillowds part to compile and organize this m

somewhat raw form, requiring additional cleanfiog research purposes

We cave careful consideration to missing data and extreme valgepart of ourdata
cleaning and culingof outlers. The raw data contains sales of empty plots of land, some
commercial property transactioregricultural salesand a hosof types of properties that are not
relevant for our analysis of the residential housing market. Therefore, we confine the sample to
single family homes, townhouses, apartments, condos, and properties that are typical associated
with the residential marke We cull the top five percent of the lot size distribution (cutting many
large farms) and outlier homes that are on the upper tail of the distribution (i.e. they either have
more than six bedrooms, more than five bathrooms, or have a garage that meldbhancfive
cars)’ After dropping homes that sold for one doliar, the bulk of which are not-length
transactions, we cul the top and bottom five percent of the price distribution, calculated

separately for each state year. We cull homes that weitepiimr to 1865 or report a negative

®We note hatsome states do not require mandatory disclosure of the sale price, so we have limited data for the
following states currently: ldaho, Indiana, Kansas, Mississippi, Missouri, Montana, New Mexico, North Dakota,
South Dakota, Texas, Utah, and Wyoming.

®Zillowbés Ztrax data contains separate transaction an
linked to corresponding assessment records. With guidance from Zillow, we were able to merge the bulk ofthe data,

but not without some datass (which figures into the size of our final sample).

"We also create indicator variables equal to one if the property reported a lot size of zero or there are missing
bedrooms or bathrooms.



age of home (i.e. sale yearyear buit). While the Zilow data set contains a vast number of
property characteristics, in our intial analysis we primarily rely on the variables above that have
the most coverage naaly so we lmit how much data we would effectively have to throw

away®

Our final sample consists of approximat®g milion home sales that took place from
1996 through 2014. Since we are interested exclusively in transactions that took place in
windows around monetary policy changes (which we discuss in more detail in the next section),
our final sample is substantially smaller than our initial data set, even after culing for outliers.
To ensure the quality of the final sample, we compared oawZ#lample to the U.S. Census
American Community Survey (ACS) to ensure that this administrative data algned with
carefully collected (albeit more limited) survey data provided by the Census. Generaly, we
found that the limited set of characteristics ofries that were in both the ZTRAX data and the
ACS are quite similar in terms of their summary statistics. In untabulated results, we find that the
shared characteristics across data sets (number of rooms, bedrooms, year built, acreage, and tax
amount) hadvariable median and mean values that fell within a few percentage points of one

another.

In Table 1, we show summary statistics across relevant cuts of the data. First, we separate
the sample by time periods, the 1996 to 2008 period where interest Rjesdile the primary
monetary policy tool, and the 2008 to 2014 period where quantitative easing (QE) was the
primary policy tool. Second, we provide statistics for the full sample and what the housing
iterature (e.g. Davidoff [2013], Coulson and Greicd13], Frame [2010]) has commonly

referred to as fAsand stateso (ArizamaéG, stCatl ¢ §

8 In later draft, we plan conduct a sensitivity analysis #mploys more property characteristics to determine
whether the results are sensitive to omitted variables for which we can control.
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where the former group of states were outliers in numerous respéet sand states had most
pronounced housing bubble and bussith high rates of defaults and distressed sales. Because
these states were somewhat unique in the magnitudes of their housing sector dynamics over the
past two decades when compared to much of the rest of the country, we evaluate whether these

states o responded to monetary policy much differently.

There are roughly 35 milion observations in the IR sample and 19 milion in the QE
sample. The sales price in nominal dollars is slightly higher in the IR sample compared to the QE
sample and higher isand states in comparison to rg&and states. The average home in the
dataset is roughly 1,750 square feet, sits on a quarter of an acre, has 2.35 bedrooms, and 1.66

bathrooms.

3. MethodologyT BaselineRD Approach

We investigate the impact of monetamgiigy announcements on home prices following a
research design that is simitary that used by Moulton, Waller, and Wentland (2017). The design
consists of the combination of a hedonic sale price model and a standard linear spline RD model
using the sale aj as the running variableas seen in equation (1). More generally, hedonic
regression analysis has been a commonly used methodology in the housing literature since Rosen
(1974); but, more recently the approach has been increasingly coupled with-expeaisiental

framework (for a review, see Parmeter and Pope, 2013.).
A EYOA QO ROR YO QOM®w | "YO& QOGHN YDA QO 0

I YOaQodkn Ta - 1)

° As our running variable is time, we acknowledge that it may be more precise to refer to this as interrupted time
serieqITS). It is not uncommon to use time as a running variable, where the discontinuity is a point in time. See
Hausman and Rapson (2017) who discuss RD using a time running variable generally.
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Specifically, we use the logged sale price of hdus#s the outcome. We +4@enter the
sale day trend around the appropriate gcutoff
captures the sale price tiniend prior to the cutoff. We also include this sameeatered trend
interacted with an indicator variable equal to onbew the sale day was at or past the
announcement day cuurepeesehts theTchaaege in the gogioff priceetimet b
trend, which can be used to determine if any price change following the announcement dissipates
or grows over the postutoff wi n d o wcoeffigientethatbis associated widm indicator
variable equal to one when the sale day is after the announcement, estimates the difference in the
pree and postt ut of f trendséo intercepts at the cut of
interpreted as the treatment effect of the announcement, which is the key coefficient of interest
and i s |l abel ed ADi scont iXy wepresgnts the Mmollowindy eontrgdsr o c e e
common to hedonic price regressions that account for obdervabaracteristics of
heterogeneous properties: square footage, number of bedrooms and bathrooms, size of garage
(number of cars), logged acreage, whether the home is a single story ranch, has a pool, has a
basement, sale day of the week fixed effectscatdrs for no acreage, missing bedrooms or

bathrooms, and FIPS county fixed effects.

Methodologically, the controls serve a number of purposes. We are comparing cross
sections of homes over time, and these homes are heterogeneous along a numberaot import
dimensions. While aggregation across a large national data set may allay compositional
concerns, controlling for arguably the mo s t
bedrooms, bathrooms, location, etc.) allows for a more straightforwapiesag@apples
comparison of homes. Secory, controling for thesdactors the hedonic frameworkuns more

congrueny to the financial economics lteraturevhichof t en examines the fexc
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asset or group of assetgthin an event studyrémework Hence, he estimatednonetary policy

announement effect comes from the variation in price not explained by these factors.

Sales in the housing market ctake a while.The time from initial offer to final sale is
not immediate andhaytake week. However, negotiation takes place throughout the process due
to home inspections and appraisaldere it is not unheard of for parties to make concessions
right up through the 1 hour. As a resutt, for each home in our sample, we use the closing date
as the date a given home transaction is finalized. However, we acknowledge that norms and
stickiness of the negotiation process may mean that transactions just after a monetary policy
announcement were likely set prior to the announcent@umt.analysis adésses this aspect of
the housing market through the usage of donut Rilere we drop the observations that rmest
likely to be highly influencedby t he previous policy regi me,
regression discontinuity designear the dicontinuity itselff Thus, we omit the first week of

observatins just after the announcement, as these are the most likely to fall into this c&tegory.

In anothervariation ofdonut RDQ we alsoomit the weekprior to the announcemeint an
additional speffication. One concern abowt standardRD design is that the annoumgent is
more likely to be anticipated by the market the closer it gets to the announcementh@ais.
particularly relevant for policy changeakat are expected by the market, wher@aa anticipated
increase, for example, may start to be reflected by housing gusegrior to the increase
actually occurringSo, we proceed by estimating three different RD specifications for each set of

analysisfor sensitivity ando address thessoncerns.

91n additionaltests, we cut the second week, butthe resudtsitet to be dramatically different. In later drafts, we
intend to explore both optimal bandwidth and donut length.

12



To discern between expected and surprise announcementllow Kuttner (20Q),
Weber and Gorodnichenkq2016), and numerous other studies in the lterathed use the
extent to which thd~ederal Funds Ratd-ER) futures market anticipatesr(is surprised by) the
actual change in the FFR on the announcement Wégedefine the different types of shocke
examinebelow andTable 2 provides the Federal Reserve announcement dates for each of these

classifications

1 Surprise Cut Rate changes vene nore than 10 basis points of the ratat was
unexpected, although in many cases it was higher than this. Note that some of these
changes also resulted in rate reductions greater than 25 basis points.

0 Prediction Home prices should rise on this news,but it remains an empirical
guestion whether it wil take substantiéthe for the price to reflect this news
since it was a surprise.

1 ExpectedCut Ratecutswhere 10 or less basis points of the change was unexpected

0 Prediction Rate cuts wil lead prices to rise; however it may not be
discontinuous since rates may fall prior to the actual announcethest the
estimated effect should lmeore mutedthan a surprise.

1 Large ExpectedCut An expected rateut, but one where the rate was redilic®y more
than 25 basis points (usually 50 bp).

0 Prediction Home prices wilrise by even more than thExpected Decrease
classification, bugiven thatthese were ofteexpectedthe same muted effect is
possible

1 SurpriseNo Change These are instances where ineestexpectec rate hike, but the
Federal Reserve made no change to the edgate.

o Prediction Whie seemingly passive, this policy may be quite accommodative.
We expect that home prices wise and this may folow a similar pattern to
Surprise Decease given thathis is effectively a surprise in a loose direction.

1 ExpectedHike: All target ratehikeswere actually expected by investors, schikbsare

classified as expected.

13



0 Prediction:Home prices wilfall as a result of these changes, howete price
change may not be discontinuous as the change was expeuibéere the
measured effeahaybe mutedas a result

1 QETi LongRun ExpansionaryA quantitative easing announcement focused on explicitly
and actionablyincreasing purchases of longerm securities, from which we quote and
classify in Table3.

1 QE i Other A quanttative easing announcement that did not actionably increase the
Fedds p ur c h-tesmesecuritie$, orlan mm@mcement that may have simply
continued/reduced prior poji. The classifications are shown in Table 3.

While the predictions above are for the target rate chaalgee recall that the Feds
statement is more than just a single number release to the pAblimonetary policy
announcement typically consists wfo portions: 1) the announcement of the target rate change
(i f any) and 2) rationale for the FOMCO6s dec
about the Fedobés outl ook o Wihthh i&atterthe Fed enaytalsoa nd  f
reveal iformation that gives the markets a sense of the path of future interest rates and policy
actions in the coming months or year. Theref@t h a b & mdy capture some aspect of
either of these policy mechanisms, depending on whether the impact onu#fieg hoarket is a
discretzp pumm (cthange in the tr g)jlsatesult, whieof hon
we initially expect there to be a muted effect of an expected change, if the expected change is
accompanied with a sense of the future mAtpolicy, then we may observe a significant change
in home prices (even when the announced target is fully anticipaBedause our primary

research question concerns the immediate timing of monetary policy announcements, much of

the proceeding analys®cuses on the coefficient estimates of the discontinuities.

Finally, at the end of 2008, when the FFR reached zero, the Fed explored other policy

options. On November 25, 2008, the Feder al R ¢

14



$100 bilion in GSE direction obligations, and up to $500 bilion in mortgage backed securities
(MBS),0 a policy that came to be known as qu
While its policy target to this point had focused on the federal funds rateh 8ha rate on very

shortterm debt obligations, the Fed turned to putting additional accommodative stimulus on still
positive longterm rates. Indeed, it is logrm rates that are most directly linked to the housing

market, which was clearly the markeét most distress to that point. Thus, we expect its
announcements about expanding QE that specifically targeted the-tengesecurities to have

the most impact on the housing market.

In Table 3, we reproduce a table from Hancock and Passmore (281%athloged all
major QE announcementsnd communications from the Federal Researal we identified the
announcements that expilicitty took action on expanding purchases of -lengersecurities,
classifying them as long term easing QE. We contrastwiltis other announcements, which
were either less oriented toward action taken to reducetdong rates or announced a tapering

of the existing policy.

4. Results

4.1. Interest Rate Policy Changé&sJ.S. Housing Boom Period (19962006)

We begin by exaining the results of the full sample ovére period most closely
associated with the housing boom in the United Statesparing the five changes across three
different RD specifications (with the latter two being donut RD specifications discussesl in th
previous section).Table 4 summarizes the resultemitting the hedonic property characteristic
controls for brevity Overal, the results broadly align with our predictions; and, where some

results deviate from inttial expectationtey logicaly follow from methodological issues that
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are addressed by the donut specifications. Our first result in #atde example, shows that on
average home prices seemed to fall immedidigp.46%on thesurpriseannouncement of eut

in the target FFRYet, it is clear from FigurelA that the homes that closed during the week
following the announcememtaturally followed the preannouncement trend. However, there is a
clear jump in prices after the first week, as reflected by the donut RD results in regresiion (6)
Table 4, and is visible in FigurelA. This amounts to approximately a 2% increase in home
prices as a result of surprisecut in rates, which is also consistent when we expand the size of
the donut in regression (11) in Tablk to exclude the obsenmms a week prior to the

announcement.

While there were only a couple instances of this in our sample, the housing market
reacted strongly to accommodative indecision on the part of the FOMC, whereas on average
home prices rose by about 2.35% in respdosasurpriseno changen interest rates when the
market expected eate hike as shown by both regressions (4) and (14) in TabEhen only the
first week after the announcement is omitted, the effect is somewhat smaller, but stil highly
significant. Moreover, these surprises were generaly accompanied bybatantial positive
change in the podtend. In both a surpriseut and a surprise no changd is clear that housing
markets respond quickly and the jump in prices is economically signifisaggesting these

policy changes had immediate potency over this time period.

Table 2 and Figure 3 also show thatpectedcuts and hikes had generaly small
measurable effects, which were somewhat mixed across specifications. Because they were
expeceéd danges, where anticipatory effects were more binding, we suspect that panel C (which
removes the observations for both the week before and week after the announcement) is likely

the more credble specification for that reason. It shows that expected skesrbad no
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statistically significant effect on home prices, whie expected increases had a small (0.66%)
positive effect on prices. Large decreases in the market, whie expected, k2t @pdkitive

effect on home pricewithin the donut specificationsAlthough,for the full samplethe evidence

from the fieyeball tesi r eveal s much weaker vi sual eviden
where the interest rate chargeavere expected, particularlpvhen compaed to the surprises

where the jump is more visible.

4.2 Sand States vs. the Rest of the U.S. during the Boom-Q8%H

The secalled sand states (Arizona, California, Florida, and Nevada) had primarily
responded to surprise decreases by the FOa@there is little evidencehat any of theother
changeshad a consistent impact on housing markets in these states during the boomimperiod.
particular, Table5 shows that the averagsurprise ratecut corresponded to a 13129%
immediate increase in home prices in the sand states during this periodhifigarsame of the
expectedrate cutchangeshad an adverse effect on these markets according to the donut
specifications, although the visual evidence from the panels in Figare all weak (whereas the

surprisecut in Figure 2Aappears tehowa cleardiscontinuity in home prices)

The donut specifications in Tab& show thatmonetary policy announcements had an
immediate impact on nesand states. Specifically, the both surprises ¢iugeand no change) and
the large expected decreases showedifisgnt positive jumps in home prices, whereas
specffications for the other announcements appear more If@isethe visual evidence confirms
in the panels from Figure 5)The most striking comparison to the sand states is the large and
significant surpriseno change effect, which ranged from 2.8% to 3.72% depending on the
specification.Overall, the higher sensitivity to monetary policy in &and states suggests that

monetary policy alone was unlikely to be the sole factairiving the real estate bubbl€&or it
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to be, we would expect to see the sand states be more highly more elastic in their response to rate
changes during the boom, while, if anythiother than the effect for surprise ctk® evidence

suggests that it may in fact be the other wayiado
4.3 The Real Estate Bust and the onset of the Great RecessionZR087Y

In a series of announcementgthin a short period of time beginning in 20@ie FOMC
loweredthe FFR from 5.25% ta new low neaf.00% by December 200Because this sex$ of
announcemestwas specifically responding to distress in the housexfor and related markets
we examine these separatety assess the potency of open market operations during the abrupt
slide in this sectorWe report our regression discontigukesults in Tables7, 8 and 9 (and

Figures4, 5 and6) for the full sample, sand states, and-seand states respectively.

The results from the full sample show that, on average, sumguiseand large expected
cuts in the FFR had largeimmediate impast on the housing market during this period. A
surpriserate cutduring this period was associated with a £28% increase in home prices
however, thesteep trend prior to these announcements was unambiguously negative, functioning
as a strong headwinth these policy changebltimately, the end result of a large national home
price dip (with a great deal of regional variation) is well knoWrturns out thatdrge expected
rate cuts had similar potency as the surprise cluidng this period perhapssignaling an
aggressive rate cutting path going forward in a way that more mespsttedcuts did not.In

fact, modest expected cuts during this period show virtually no simulative effects.

More strikingly, when comparing the rate cuts between the stes and the rest of the
U.S. in 200708, it is clear that monetary polidgad much stronger effects on resnd states,

where the housing market was generaly more stable anyway. As the sand states began to
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experience spiking defaults and distressedessamonetary policy provided relatively little
measurable impadhere at best showing a 1.73% increase in home prceaverage for the
surprise cut dual donut specification (with a much smaller effect in the other specifications and
lttle noticeableeffect from the visual evidence from the figures). This may reflect some of the
structural, supphside factors specific to the housing markets in the sand shatiewe leave this

line of inquiry for future researclOn the other side of the spectrummsoof the largest market
effects we observe in this paper come from the rate cuts in theamohnstate markets during
2007%2008. Table 9 shows that surprise cuts and large cuts exhibited abotif% and a $%
increase in home prices for each respectwt (depending on the specificatipmyhile more

modest expected cuts little if any positive impact during this period.

4.4  Quantitative Easing Results

We report the results of Q&nd other operations during the recovpeyiod in Table
10 and Figires 7, 8, and 9. The results show that the announcements that were more oriented
toward pating downward pressure on lotgrm rates increased home pridssabout 1.53% on
average for the full sample, with a somewhat more modest effect for the otbenegmentsin
untabulated results, the announcement of Operation Twist on September 21, 2011, which was
specifically oriented toward O0twistingd or
discontinuous positive effects on the housing marketiprag term rates subsequently lowered
throughout much of 2012. Tabl also shows that QE had more pronounced positive effects on
the housing market in nesand state$1.633.21%)on average during the recovery period, with
more modes{1.192.31%) posiive effects in the sand state®verall, the results are consistent

with some of the macroeconomics literature that has shown QE effects on the broader
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economy:* and should also flow directly from the literature (eHgncock and Passmore [2011])

that fourd that QE did, in fact, lower loAgrm rates (including mortgages).

5. Conclusion

Economists in the popular press and othemmentators duringhe Great Recession and
recoveryperos of t en worried that the Fedb6s, or anthe cthut
carried a number of implicatonher e wer e wi despread doubts t ha
able to do much tabout faling home pricesUsing a regression discontinuity design and a
nationally representativéhousing microdataour results idicate that monetary policy (both
interest rate changes and quantitative easiag)affect home prices almost immediately after the
announcementIn particular, using dailjevel data, weshow that unanticipated target rate
changes and expansionary quatitie easinggenerallyincrease home prices withaboutseven

days of the announcement.

Despite homes being a relatively long run assgich are often characterized as being
relatively less liquid than other investments such as stocks and bondsphoe® appear to
adjust to new informa@n very rapidly. This result also runs counter deminal work by
Friedmanand Schwartz(1963) and empirical macroeconomics literature that claims that the
economy changes in response to monetary polcy arfyt @ mg 6d nd v.dmrrfacathel ed | a
evidence suggests that pricesven in notoriously slow moving sectors like housingay

actually respondquickly to monetary shocks.

Like the housing bubble and bust, monetary policy effeedse not uniform acrosslla

states in the U.S.. Wiind that the impact of monetary policy was larger for sand states in the run

" For example, see Gagnon, Raskin, Remache, and Sack, (2011), Kapetanios, Mumtaz, Stevens, and Theodoridis,
(2012), Chen, Curdia, and Fero, (2012), and Weale and Wieladek (2016).
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up to the Great Recession, while it was larger for-seomd states during the first part of the
Great Recessioand during the recoveryQuantitative esingwas also relatively more effective

iIn nonsand statesThis may be evidence that other, possibly more structural or ssigply
factors had a strong role in the housing boom and bust, which is a topic we leave for future

research.
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Figures and Tables

Figure 1A: Full Sample Surprise Cut MPAT 1996 to 2006
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Figure 1B: Full Sample Expected Cut MPAi 1996 to 2006
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Figure 1C: Full Sample Large BExpected Cut MPAT 1996 to 2006
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Figure 1D: Full Sample Surprisei No Change MPAi 1996 to 2006
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Figure 1E: Full Sample Expected Hike MPAi 1996 to 2006
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Notes:Figures are depictions of the estimates in Table 4. Figures irechiigterplot of daily conditional average

home prices (controlling for allthe covariates in our hedonic RD) and linear splines throughthese averages. The left
panelis the default RD, the middle panelis a donut RD that omits the 7 days followingAhaidiPhe right panel

is a donut RD that omits the 7 days before and after the MPA.
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Figure 2B: Sand State Expected Cut MPA 1996 to 2006
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Figure 2C: Sand State Large Expected Cut MPA 1996 to 206
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Figure 2D: Sand State Surprisé

No Change MPAI 1996 to 2006
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Figure 2E: Sand State Expected Hike MPA 1996 to 2006

o P o
@® | = | | |
e | e | e |
I I I
I I I
I I I
| | |
3 I 3 I 3 I
@ | @« | ° @« |
e | & | e |
I . I . I
I . I . I
. . I N . . s e I
? . | . g | . ? | .
29 .- 0 £8 . . ] . | C
&4 — |, B 2 . | &3 . |
52 : =T . 52 .
g e I g | g |- . I . . .
- ° i - i - ° i .
. | | - | ——
| | e
© I - I ol .. I
ER | S | ERIN LR |
I I ° I
I I I
I I I
I I . I
© I © I © I
2 g [
ERS . . . | ; . . . sl . . . | . . . . . Es . . . . | . . .
-28 -21 -14 -7 0 7 14 21 28 -28 -21 -14 -7 0 7 14 21 28 35 -35 -28 -21 -14 -7 0 14 21 28 35
a

P 2 2
8 | 2 | 2 |
e | e I e I
I I I
I I I
" I - I N I
8 | I 8| I 8 | I
= I E I E I
I I o I
I I o I
I ° I °© e I
S | | o o 5 | | . . 5 | |
=8 I PR ol o 8 !
8 ! 8 ! ° B ! w0
£ I o 2 | ° B £ B I :
& o a o° ° a o
=3 o o o =3 Q X R 5 ° I
38 | ' ° o 38 | . S . } o R Sg| o > }
° ° X e o ® o © .. ° ° @ i
o
o °® o i @) o ° o | e |
$ § . o 0 g9 ! 06 o I
0 1D 0 o | 0 o |
RS S 8] IS | 8] °c @ |
e o % | €10° I °lg 9 I
I o] I o I
o0 | | |
I I I
g © I 3] I 3 I
e | e | e | -
Z‘B 21 —1‘4 —‘7 l‘] 7 1‘4 21 28 —2‘8 21 14 —‘7 6 7 14 2‘1 28 35 {!‘5 —2‘8 72‘1 —1‘4 7 6 1‘4 2‘1 2‘8 35
Day Day Da
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Figure 3A: Non-Sand State Surprise Cut MPAI 1996 to 2006
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Figure 3D: Non-Sand State Surprisé No Change MPAI 1996 to 2006
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Figure 3E: Non-Sand State Expected Hike MPA 1996 to 2006
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Notes:Figures are depictions of the estimates in Table 6. Figures include a scatterplot of daily conditiawga aver
home prices (controlling for allthe covariates in our hedonic RD) and linear splines throughthese averages. The left
panelis the default RD, the middle panelis a donut RD that omits the 7 days followingthe MPA, andthe right panel
is a donut RD tht omits the 7 days before and after the MPA.
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Figure 4A:
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Figure 4B: Full Sample Expected Cut MPAI 2007 to 2008
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Figure 4C: Full Sample Large Expected Cut MPAI 2007 to 2008
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Notes:Figures are depictions of the estimates in Table 7. Figures include a scatterplot of daily conditional average
home prices (controlling for alithe covariates in our hedonic RD) and linear splines throughthese averages. The left
panelis the default REhe middle panelis a donut RD that omits the 7 days followingthe MPA, and the right panel

is a donut RD that omits the 7 days before and after the MPA.
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Figure 5A:

Sand State Surprise Cut MPAI

2007 to 2008
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Figure 5B: Sand State Expected Cut MPA 2007 to 2008
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Figure 5C: Sand State Large Expected Cut MPA 2007 to 2008
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Notes:Figures are depictions of the estimates in Table 8. Figures include a scatterplot of daily conditional average
home prices (controlling for allthe eariates in our hedonic RD) and linear splines throughthese averages. The left
panelis the default RD, the middle panelis a donut RD that omits the 7 days followingthe MPA, andthe right panel
is a donut RD that omits the 7 days before and after th&.MP
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Figure 6A: Non-Sand State Surprise Cut MPAI 2007 to 2008

Figure 6B: Non-Sand State Expected Cut MPA 2007 to 2008

Figure 6C: Non-Sand State Large Expected Cut MPA 2007 to 2008

Source:Zi |l l owds ZTRAX

Notes:Figures are depictions of the iestes in Table 9. Figures include a scatterplot of daily conditional average
home prices (controlling for alithe covariates in our hedonic RD) and linear splines throughthese averages. The left
panelis the default RD, the middle panelis a donut RDamiis the 7 days following the MPA, and the right panel

is a donut RD that omits the 7 days before and after the MPA.
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