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The Housing Market in Israel:

Long-Run Equilibrium and Short-Run Dynamics

Yossi Yakhin and Inon Gamrasni

Abstract

The housing market is characterized by persistemtations from the long-run equilibrium,
and these deviations affect market dynamics irsktwet run. Therefore, any empirical analysis
of the housing market must identify these long-matations. This paper estimates an
econometric model for the housing market in Isfaethe years 1980-2019, where the long-
run relations are estimated based on the theoreticdel of DiPasquale and Wheaton (1992).
We utilize the model to learn about the charadiesa©f the Israeli housing market and about
the factors driving home prices, rents, and coestya activity during the sample period. The
model sheds light on the interaction between honmeep and rents: A rise in rents pushes
prices higher as it increases the return from homeership. In contrast, an increase in home
prices reduces rents because it stimulates hossimgly. We also find that both demand and
supply are inelastic in the long run; as a resapternal shocks to the market are mainly
manifested as changes in prices rather than giesntas for the factors behind the surge in
home prices that started in 2008, the estimatidhefmodel suggests that about half of the rise
in prices during 2008-11 was driven by undervatuaf homes in the preceding period.
Monetary policy also supported prices during thexiqu, though our estimates suggest that it
played a minor role. Supply-side shortage had aaratd but persistent effect on house prices,
and starting in 2012 supply shortage alongsidegisiousehold income are the main factors
supporting prices. The acceleration in construcsictivity in recent years closed much of the

supply shortage toward the end of the sample period
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1. Introduction

Current housing expenditure is the largest compiimenouseholds’ expenditure, purchasing
a home is typically the largest transaction houkiEhmake during their lifetime, and homes

make up a substantial portion of their asset plistfoMoreover, rising home prices and rents
in Israel for over a decade have placed them ateheer of the public debate and government
policy. All these point to the importance of undangling the developments in the housing
market. To that end, this paper develops an ecommmaodel for analyzing the housing

market in Israel, and uses it to reveal the faatiorgng the rise in prices that started in 2008.
In addition, the model sheds light on the shortd lomg-run interactions among the variables
acting in the market, e.g., between home pricegams, on the effect of monetary policy, and

on demand and supply elasticities.

The housing market reacts slowly to shocks, and assult, deviations from the long-run
equilibrium can persist for many ye&$hese deviations affect market dynamics in thetsho
run, and hence any empirical analysis must attémjolentify them. To that end, the analysis
must use a sample long enough to include sevectdsyRelying on a structural model may
also help. The sample in this paper spans overdecades, 1980-2019, in annual frequency,
and the econometric specification of the long-rgnations is motivated by the theoretical
model of DiPasquale and Wheaton (1992)—hereindfidy”. Hence, our analysis utilizes
both a long sample that covers several cycles atidietural model. We estimate the short-run
dynamics using an error-correction model, whichliekly accounts for the effect of deviations

from the long-run equilibrium.

The DW model provides a simple and convenient fraank for analyzing the housing market.

It has four components: (1) the market for houseryices, (2) an asset-pricing equation, (3)
construction supply, and (4) a stock-flow equatiwet ties the flow of construction activity to
the stock of dwellings. The endogenous variablegshen model are rents, home prices,
construction activity and the stock of dwellingsvéh an initial stock and exogenous demand
factors, rents are determined in the market foshguservices. Given rents and financial asset

returns, the asset-pricing equation pins down hprees. The scale of construction activity is

In Israel the value of homes is about 52 peroétie total value of households' assets (201&dig)) Bank of
Israel (2020). Arrondel, et al. (2016) review 15&area countries and find that, on average, hanade up 51
percent of the value of households' assets (2@LB6s). In the US this share is lower, around 3ty (2016
figures), Bricker, Moore and Thompson (2019).

See Bar-Nathan, et al. (1998) for Israel, andmsland Fiss (2010) for a panel of 15 OECD countries
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determined by home prices and construction costs&hepresent the long-run equilibrium

relations in the housing market.

We find that deviations from these relations haweugial effect on the dynamics in the short
run. In particular, supply shortage (or excess Bypplative to long-run demand affects rents,
home prices and construction activity; over- oremdaluation of homes relative to their value
implied by the asset-pricing equation affects hgpniees and construction activity; and
excessive (or under) construction relative to lomg-supply affects the scale of construction
activity in the following period.

Several indications suggest that undervaluationtivasnain factor behind the surge in home
prices during 2008-11, similar to the finding of VDbman, et al. (2012). The asset-pricing
equation suggests that on the eve of the risenmeharices, in 2006—-07, prices were lower by
13.7 percent, on average, relative to their impliedg-run value. Dynamic simulation,
evaluating prices solely on the basis of exogewausbles (and initial conditions from 1980)
indicates a somewhat larger undervaluation. We thatethe model does not track price data
during that period well, and in the years 2008+Elmodel produces a large residual. However,
this outcome followed a large residual in the opeodirection during the preceding three
years. Such a residual structure is unusual dutiegsample period, and hence it seems
supportive of the view that the rise in home prie@s mainly driven by undervaluation at the
beginning of the period. Overall, we assess thatiabalf of the rise in prices during 2008-11

was driven by undervaluation.

Nagar and Segal (2011) emphasize the contributianametary policy to the rise in home
prices that started in 2008. We find that the sternh real interest rate (the monetary rate net
of expected inflation) explains about a quartethefrise in prices during 2008-11. This is an
economically significant effect; however, it is ribe main driver. Furthermore, it is important
to distinguish between the short real rate and taopgolicy, since the former is affected by
various factors, in addition to monetary policy. \A&sess the effect of monetary policy to be

around 45 percent lower than that of the shortnagal

We define housing shortage as the gap between deamahthe existing housing stock, where
demand depends on demographic needs as well asuseholds' income and the price of
housing services (rents). We find that startingd07 there is a persistent shortage, though not

so large in magnitude—up to 0.7 percent of the kst@round 16,000 units in 2008).



Nevertheless, due to the high sensitivity of priwelsousing shortage, starting in 2008 it raised

prices consistently at an average rate of 1.8 peper year (in real terms).

The model sheds light on the interaction betweenéhprices and rents. Both variables affect
each other, but in opposite directions. An exogsemne in rents leads to an increase in home
prices, as it raises the return on homeownershipohtrast, an exogenous rise in home prices
pushes rents downward, because it stimulates suppith the theoretical model and the
empirical estimation support this result, and it@nsistent with the findings of Rubinstein
(1998).

Further we find that both long-run demand and lang-supply are inelastic, similar to the
finding of Bar-Nathan, et al. (1998). This resalhpt surprising, as the raw data mainly display

variation in prices and less so in the stock of ltdings.

Several contributions have analyzed the Israelsimgumarket, where the closest to ours is that
of Bar-Nathan, et al. (1998) who estimate a stmattonodel for the years 1974-90. Similar to
us, the DW model motivates their econometric speatibn, though they put a special
emphasis on the description of the process of haitthg in the short-run. Bar-Nathan, et al.
(21998) find that shocks have long-lasting effectslee housing market, and convergence back
to equilibrium takes 15-20 years. As a result, taemyue that proper estimation of long-run
relations using reduced-form equations, as attesinjpteseveral papetsrequires very long
sample periods, because such estimation assumelsrthaghout the sample period the market
fluctuates around the long-run equilibrium. Addiadly, and as mentioned above, they also

find that both demand and supply are inelastib@long run.

Nagar and Segal (2011) and Weiner and Fuerst (A0d/jnore recent data, and examine the
factors behind the surge in prices that began BB20lagar and Segal (2011) estimate the
dynamics of home prices and rents. They use thet-psiging equation as the only
cointegration relation that governs the long-runildgrium. Similar to our results, they find
that a rise in interest rate reduces prices arsgésaients. Nevertheless, several of their results
are inconsistent with ours. In particular, they diagze the role of monetary policy as the main
factor raising home prices starting in 2008, whikefind it had a secondary effect; in addition,
they find a positive effect of prices on rents while find an opposite effect. Weiner and Fuerst

(2017) only estimate a price equation. They comsa&lsingle cointegration equation for a

See, for example, Mankiw and Weil (1989) for thmerican housing market, and Nagar and Segal (2844)
Weiner and Fuerst (2017) for the Israeli market.



relatively large group of variables, though with@ubviding an economic motivation for its
specification. Their work focuses on the effectisk factors from the financial markets on
house prices, and they use the VIX as represeatatithat risk. They find a positive effect of
financial risk on home prices, and argue that withenrisk in the financial markets rises,

investors shift asset demand to the housing maaketas result home prices rise.

In addition to these papers, Dovman, et al. (2@t®) Rubinstein (1998) have also examined
the development of home prices in Israel, thougratialysis in both cases was carried through
the lens of an asset pricing equation and focuseth® question whether a financial bubble
had evolved in house prices. Dovman, et al. (28i&)y home prices over the period of 1996—
2010. They do not find evidence for a financial lbleb and argue that a considerable portion
of the rise in prices starting in 2008 stemmed ftbair low level at the beginning of the period,
similar to our finding. Rubinstein (1998) estimates asset pricing equation for the period
1974-96, and focuses on the effect of inflationarare on home-price risk premium. He finds
a positive correlation between the level of inflatiand its variance, and a negative effect of
inflation variance on home prices. He explains Hmheownership provides insurance against
unexpected inflation, and argues that during tigh imflation years in Israel, a decline in the
risk premium supported home prices (in real terr@g)r results support his finding, and in
particular we find that controlling for the voldiy of inflation in the asset-pricing equation
improves its estimation. In addition, and similamour results, he finds that higher rents raise

home prices, but not vice versa.

The rest of the paper is organized as follows. ¢ section presents stylized facts on the
Israeli housing market since the 1960s, and digsudse considerations for the choosing the
sample period for the econometric analysis in gaper. Section 3 presents the theoretical
model of DW. Section 4 presents the data for oatyais. Section 5 estimates the long-run
equations, derives the error-correction factorsg @mesents estimates of the long-run
elasticities. Section 6 estimates the short-ruradyins. Section 7 presents dynamic simulation
of the model and the contributions of the varicastdrs to the development of home prices,
rents and construction activity. Section 8 presénfsulse response functions, and Section 9

concludes.



Figure 2.1: Home prices net of CPI excluding Figure 2.2 Rate of home price increase in OECD
housing countries
log index, 1961-2019 Annual rates, real terms, 1970-2019*
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Source: OECD Analytical House Price Database arttioasl
calculations.

* Slopes of linear trend lines of the log of realise prices. Prices
are deflated by consumption prices from the Natidwzounts.
Data for Spain start at 1971, for all other cowstrdlata start at
1970.

2. Long-term view of the housing market: The stylizedacts

In this section, we present central housing-mankeicators for a period spanning over six
decades, from the beginning of the 1960s to 2(&se include home prices in real terms,
price-income and rent-price ratios, and the devakqu of the housing stock relative to
demography. In particular, we attempt to charaztetihe housing market through the stylized
facts that emerge from an informal inspection o thata. This will serve us in drawing
conclusions for the econometric model we estimatidis paper, and in choosing the sample

period for the analysis.

Figure2.1 presents the home price index (in logs) deflatethb CPI excluding housing. Two
facts stand out: (1) prices trend upward over tiare (2) price variation around the trend is
characterized by long cycles. On average, priceease at a pace of 2.9 percent per year in
real terms (the slope of the trend line in Figairy, and when deflated by the general CPI (not
shown) the pace is a bit slower—2.4 percent a yidas.rate is not exceptional in international
standards. Figur.2 presents the distribution of the rate of homeepincreases, in real terfns

in 19 OECD countries with available data sincedghdy 1970s and the comparable figure for

Israel® Over the last 50 years, real home prices haveased in the OECD countries at an

Prices are deflated by consumption prices froenNhtional Accounts.
For comparison with the OECD data, the figurel$éoael is also deflated by consumption prices ftbenNational
Accounts.



Figure 2.3 Home prices relative to GDP per capita Figure 2.4: Rent-price ratio (right scale) and real
Index, Average=100, 1964-2019 medium- to long-term forward return
1961-2019
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Figure 2.5 Demography relative to the housing
stock
1960-2019
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annual rate of 1.9 percent, on average. Over tine geriod, starting in 1970, real home prices
in Israel rose a bit faster, at a pace of 2.7 pgraanually, though compared with the rate in

other OECD countries, this pace is not exceptional.

As mentioned, prices display long cycles (Figiu®, and in particular, the recent cycle started
in 1997 and lasted for two decades (assuming tdeo&ur sample actually represents the
peak of the cycle). Long cycles suggest that, desgitheir upward trend, prices may decline
for fairly long periods. For instance, during thexdde starting in 1997, the peak of the previous
cycle, and ending in 2007, the trough of the curoyele, prices have declined by nearly 25

percent (in real terms).

Figure 2.3 presents the development of home prices relabv&€DP per capita. The most
striking result is that this ratio is trendlessttls, over a long period of time home prices and
income tend to increase by similar rates. Alsoblgsin the figure are the long cycles and the

high level of prices relative to income at the efithe sample.
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Figure 2.4 presents the rent-price ratio and compares itntalgernative financial return
(medium- to long-term forward return on CPI-indexgdernment bonds). This comparison is
implied by a standard asset-pricing equation tljatages the return from homeownership to
the return from alternative financial assets. Im@ple, one should add to the latter a risk
premium and the expected capital gains of homeashinrhowever, to the extent that these
factors are trendless over a long period, we exipectent-price ratio to approximately follow
the return from the financial markét3.he figure displays a positive correlation betwéss
series throughout the sample, with the exceptiotheflarge immigration years in the early
1990s. We conclude that the common movement ofrenices and the forward rate is

approximately consistent with the long-run relateenimplied by the asset-pricing equation.

Figure2.5 presents the development of demography relatiteedousing stockwhere we
measure demography by the number of householdsbgnithe general population. This
comparison provides an indication of housing dgnddioth indicators display a persistent
decline in density from the beginning of the sampiél the late 1970s, apparently resulting
from the long process of absorbing large-scale ignation during the early years of the State
of Israel. Beginning in the 1980s, the number akpas per dwelling is stable, around 3.3 to
3.4; however, in terms of households per dwellhregydata display a persistent rise, suggesting
a decline in the number of persons per househnld9B0 there were 0.84 households per

dwelling and at the end of the sample this ratmds at 1.0%.

To conclude this section, we note that the londesy@s observed in Figurgd and2.3, imply
that deviations from the long-run equilibrium magrgist for lengthy periods. To the extent
that these deviations affect market dynamics insthart run, any empirical analysis of the
housing market must rely on a sample long enougltoteer numerous cycles. Earlier
contributions analyzing the Israeli housing markse¢d relatively short samples. Nagar and
Segal (2011) cover the years 1999-2010, and WameFuerst (2017) used a slightly longer
sample, 1998-2013. Neither case covers a full dfgtures2.1 and2.3). In an earlier paper,
Bar-Nathan, et al. (1998) utilized a sample forykars 1974-90. Their sample covers more

In estimating the long-run relation (see Sectdmelow), we control for the risk premium that stefmsn the
volatility of inflation, as suggested by Rubinstgii998). This risk factor is non-stationary durithgg sample
period, due to the high inflation years of the 1980lIsrael.

We measure the housing stock in a similar metw&lagar and Segal (2011) and Weiner and Fuer&#)20
nevertheless, we believe that this estimate uratessthe actual growth rate of the housing stadieaast starting
1995. See Sectioh1.1for details.

For a discussion on the methods for measuringpdeaphy, see Sectighl.1and AppendiA.
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than one cycle and they estimate structural equsititherefore their work is probably more

successful in identifying the long-run relations.

In this paper we attempt to combine a structurallehavith a long sample to allow for proper
estimation of the long-run relations. As noted,¢bmparison of demographic development to
the stock of housing (Figura5) suggests that until the late 1970s Israel waaniongoing
process of absorbing a large immigrant populateomg it seems that these years do not
represent fluctuations around a stable long-rurliegum. For the purpose of the econometric
estimation, we therefore choose to start our sammpi980. It seems that starting from that
year, approximately, the demographic developmdative to the housing stock is relatively
stable, regardless of whether demography is medsigiag the population size or using the

number of households.

3. The DiPasquale—Wheaton model for the housing market

This section describes the theoretical frameworkDd?asquale and Wheaton (1992) for
analyzing the housing mark&T.he model, as also noted by DW, is more suitaiii@ralyzing
the long-run equilibrium than the short-run marklghamics. Later in this paper, the DW
framework will guide the empirical specification @ur long-run equations. After the
estimation, we will examine the response of theogedous variables in the model (prices and
guantities) to shocks through the lens of the thigcal model.

The model is summarized in Panel A of Figaré There are four endogenous variables in the
model: the stock of housing (the horizontal axish® right), rents (the vertical axis pointing
upward), home prices (the horizontal axis to th8,land construction activity (the vertical
axis pointing downward). The exogenous variablesthe demographic development and
income, both of which shift the demand for houssegvices; the return from the financial
markets, which affects the pricing of homes; andstiction cost, which shifts construction
supply. The model is made up of four componentsdhadescribed in the four quadrants in
the figure:

(1) The first quadrant describes the market forsivigiservices. The housing stock is a state
variable and therefore housing supply is perfeictgjastic (SRS curve); in the long-run, the

supply is upward sloping (LRS curve). We preseatrtiethod for deriving the LRS curve after

For extensions of the model, see Colwell (2002).
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presenting the rest of the components of the mdded.demand for housing services declines
with their price, i.e., rent, and demographic depetents and income fluctuations shift the

demand curve, where demographic expansion ané ariacome raise demand.

(2) The second quadrant represents the assetgprguation. Home prices are determined as
the ratio of rents (determined in the first quatirdo an alternative financial return (r). An
increase in interest rates in the financial markaises the slope of the ray from the origin in

the diagram, and given the level of rents, homeggrfall.

(3) The third quadrant presents the constructiomketa Homebuilders raise construction
supply as home prices (determined in the secondrgng rise, and changes in construction
cost shift the supply curve. Arise in cost redusigsgply, and given the price level, construction

activity falls.

(4) The fourth quadrant presents a stock-flow idernhat ties the scale of construction and
depreciation to the stock of housitfgThe scale of construction is determined in thedthi
guadrant, while depreciation equals the depreciatide §) times the housing stock, and is
measured in the fourth quadrant using the ray fiteenorigin (with slop&). The net addition

to the stock of dwellings equals the differenceneein construction and depreciation. The
figure presents the system in steady-state, whanstiziction equals depreciation and hence

the housing stock remains unchanged.

Finally, the long-run supply curve (LRS in the figuadrant) describes the quantity of
dwellings supplied in the long run at each levetasft. This extension of the model is due to
Colwell (2002). To plot this curve, start from abigrary level of rent. Given rent and interest
rate, the price level is determined in the secamatdgant. Then, given price and construction
supply, the scale of construction is determinetthénthird quadrant. Finally, given the scale of
construction we find in the fourth quadrant thegonn level of the housing stock—that is, the
stock level at which total depreciation equals ryeednstructed dwellings. This results in a
rent-stock combination that lies on the LRS cuRepeating this process for different levels
of rent exposes an upward-sloping supply curve. Whiee points in Panel A represent two
points along the LRS curve, and the long-run eguidim is located at the intersection of the
LRS and the demand curve (the black point in tgar&). Changes in the construction cost,

interest rate and depreciation rate shift the LRS e

The model does not account for dwellings understroiction and therefore a period in the theorkticadel
should be interpreted as the average building Ghreedwelling.

11



Figure 3.1: Long-run effects in the DiPasquale—Wheaton model

Panel A: The DW model in steady-state Panel B: Ase in demand
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This framework allows the analysis of the effedtstanges in the exogenous variables on the
housing market, but it is more appropriate for gnaly their long-run effects. Although the
model does generate endogenous dynamics, theyergigely on the long-run relations
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described above. Short-run effects resulting froertia or other factors, such as monetary
policy, are absent from the model. Furthermorew@tl(2002) demonstrates that the short-
run dynamics are sensitive to the choice of modedisameters, and in particular, the
convergence to the steady-state may be either moicobr may overshoot the long-run

equilibrium. Therefore, in what follows we discusgefly only the effect of permanent changes

in the exogenous variables.

Panels B, C, and D in Figuf1 present an exogenous rise in demand, the intexessiand
construction cost, respectively. The initial steathte is marked by the black points, and the

new steady-state is marked by the white ones.

Panel B presents a rise in demand following denpgcaexpansion and/or a rise in income.

The increase in demand is represented by a shifteofiemand curve to the right, froms ©

D1. Higher demand raises rents (first quadrant), twimdurn lift prices (second quadrant). The

rise in prices stimulates construction activityrdhquadrant) and therefore the stock of housing
increases as well (fourth quadrant). Overall, tlaek®t reaches a new equilibrium with higher

rents and housing stock, as represented by theseaton of the new demand curve, With

the long-run supply curve, LRS, which remained amged. In addition, home prices and

construction activity are higher in the new equilim.

Panel C presents arise in the interest rate.i§epresented by a higher slope of the ray from
the origin in the second quadrant and a shift il\adrlong-run supply in the first quadrant.
For a given level of rent, a higher interest raguces home prices (second quadrant), which
in turn dampens construction activity (third quadyaand hence reduces the housing stock
(fourth quadrant). Lower supply, alongside a fixissnand curve, raises rents (first quadrant).
Overall, a rise in the interest rate reduces priceastruction activity and the housing stock

and raises rents.

Finally, Panel D displays a rise in constructiostcd his change is represented by a shift to
the left of construction supply, from ® S, in the third quadrant, and a shift inward of leng

run supply in the first quadrant. For a given legEhouse prices, higher construction cost
reduces homebuilders' activity (third quadrant)jolhin turn reduces the stock of housing
(fourth quadrant). Lower supply, alongside a fixissnand curve, raises rents (first quadrant),
and as a result home prices rise (second quadi@uéxall, higher construction cost raises

prices and rents, and reduces construction actwitythe stock of housing.
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4. The data and unit-root tests

This section presents the data series we use inetdomometric estimation and the
considerations for choosing them, and tests whettegr contain unit-root. If the series are
governed by unit-root dynamics, we would be ableestimate an error-correction model,
provided that they are also cointegrated. We tstointegration in the next section. The
choice of series is motivated by the theoreticatieh@f DW, presented above. The model is
estimated in real terms, and we deflate all pgost and income variables by the CPI excluding
the housing component. All variables are measuseahaual averagé$Table4.1 describes
briefly each variable and the method for its measuent. Figuré.1 presents the series during
the sample period, 1980-2019. The figure presetts eariable in level (blue continuous line

in the upper panel) and in first difference (redtd line in the lower panel).

4.1 The choice of variables
4.1.1 The demand equation

In order to estimate the demand for housing seswee have to choose variables to represent

rents, income, the stock of housing and demography.

Rents. To measure rents, we use the rent component @ mhdor the period until 1998, and
starting from 1999 we use the owner-occupied ha@usomponent, both deflated by the CPI
excluding housing. The rent component measuregdhein existing leases; these mainly
include leases that were signed in the past andftire they do not necessarily represent the
spot price in the market. Starting in 1999, the t€&#rBureau of Statistics (CBS) started
measuring the spot price, i.e., the price in neW enewing leases, through the owner-
occupied housing component. This is a better measemt of rents for our purpose because it
reflects the market conditions at the time of tlesurement, and we therefore use this variable
starting from the period it became available. Weenbhowever, that in annual frequency the
difference between the series is expected to bgnifisant!? The rent variable in the model
is labeled "rent".

With the exception of construction activity whioteasures activity during a given year (a flow afaie).
Measurement bias may generate inconsistency batifee series. Raz-Dror (2019) demonstrates tlat,tal
measurement methodology, the rent component haeruasided the rise in rents during the period 2088+lis
therefore better to use the owner-occupied housdmgponent that did not suffer from a similar bi@sce then
the CBS has made efforts to improve its measuremeatICBS (2019).
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Income. The relevant income for housing demand is thernmeof the household occupying
the dwelling. Fluctuations in income may resultnfrechanges in the wage level and from
changes in the scope of employment. Accordinglymeasure income using the average wage
per employee post (deflated by the CPI excludingshag) multiplied by the employment rate
in the economy at the prime working age populat&s;64. We label the income variable in

the model "rw_emp".

The stock of housingOfficial estimates for the number of dwellingsie economy exist for
1995 and 2018. The figure for 1995 is reportethen1995 Census of Population and Housing,
and that of 2018 is reported in the Dwelling andldng Register, both published by the
CBS?H

Nagar and Segal (2011) and Weiner and Fuerst (20tgsure the stock of housing by
cumulating construction completions and adding therthe 1995 census figure. Similarly,
Bar-Nathan, et al. (1998) calculate a stock sestasting in 1975, though their estimates
account for depreciation, which they subtract frtme figure of cumulated construction.
Further, they utilized a stock figure from the 1988nsus of Population and Housitidgzor
data until 1995 we use the series of Bar-Nathaal, €1998), afterwards we aggregate housing
completions, similar to Nagar and Segal (2011) \Afner and Fuerst (2017). We label the

variable representing the stock of housing in tlogleh "h_stock”.

We note that we expected to derive an estimatthéoscale of depreciation (demolition of old
dwellings) by comparing our result for 2018 to tt@ta from the Dwelling and Building
Register for that year; however, our stock estingtewer by about 2 percent than the official
figure, suggesting a negative depreciation rate.tNéeefore settled for cumulating housing
completions without accounting for depreciationijraNagar and Segal (2011) and Weiner and
Fuerst (2017). This result raises doubts regarthirgyuality of the data and the possibility of
comparing the 1995 official stock data to thos@18, even though they supposedly cover

the same population of dwellingdThe stock series is a weak link in this paper, @nthe

The 1995 Census of Population and Housing coakrfeorms of settlements, excluding Kibbutz (coagiare
settlement) and dwellings in institutions that dmt belong to any municipality. The Dwelling and Bling
Register is based on data from property tax ("Aaipoollected by the municipalities. Similar datase starting
in 2012, but those do not cover regional counciteynd 8.5 percent of the total number of dwellilmg2018).
The register does not cover dwellings that arerepbrted to the authorities, and does not inclugellthgs in
cooperative settlements and institutions that ddoetong to any municipality.

Unfortunately, we could not find the figure frahe 1983 census.

This may reflect under-reporting of additionsefv dwellings. Even if housing completions dataseurate at
the time of reporting, it may be possible that adirme new dwellings are added, on the basis otiegi®nes, due
to splitting apartments illegally and adding uritsfamily homes. We stress, however, that we dohase
empirical evidence to support or refute this hypsts.
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extent that thg@ace at which the stock of housing is cumulated indaia is indeed lower than
the actual pace, we will underestimate the seiigitof the stock to various shocks. Later, we
will attempt to quantify the size of the potenb#s in our estimates of the long-run elasticities
(see Sectiorb.3.3. That said, to the extent that during the sanm@eod there is a stable
relationship between the actual stock of housind) @ur estimated series, then we expect a
proper estimation of the contributions of the diffet factors to the development of the

endogenous variables in the model, despite theureagnt error.

Demography. Demographic development is a central factor of @®infor housing services.
Nagar and Segal (2011) and Weiner and Fuerst (26 the size of the general population
to measure demography. However, since the housialf & measured in units of dwellings
(and not in area, for example) the relevant pomnato housing demand is the adult
population. Accordingly, Bar-Nathan, et al. (1998kd the population aged 20 and above. We
use the population age 25 and above—the prime wgege population plus retirees, and label
it "pop".

We note that the number of households in the ecgrmmobably provides a better indication
for housing demand. However, its measurement methodt suitable for our purpose. The
CBS defines a household as a person or a grougrebps who live regularly in the same
dwelling and share a budget for food. At the saime,thousing density, i.e., the number of
persons living under one roof, is endogenous tatwelopments in the market. In particular,
we expect housing density to rise with the pricaaising services, as a number of "potential”
households would tend to share dwellings as housegmes more expensive. In such a case,
the measurement method as applied by the CBS weunld to understate the number of
households indicative of housing demand. For exanifihe rise in the price of housing leads
young couples to stay living in their parents' hoihes likely that the CBS would count the
couple and the parents as one household, altharghd purpose of estimating demand we
would like to count them as two households. Apperdpresents supportive evidence for this

argument.

AppendixA also presents an estimate for the series of patérauseholds, which is based on
population data by marital status. In the examplava, when a rise in the price of housing
leads a young couple to live in their parents' houtdizing the number of married couples
allows better identification of the number of hduskels that is relevant for housing demand.
Our estimates extract the exogenous componenedfdbseholds' series, at least to the extent
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Table 4.1: The variables in the model and their measurement

Variable Description Units Method of measurement
rent Rent Index, real term&fent component of the CPI until 1998, and starting
1999 measured by the owner-occupied housing
component of the CPI, both deflated by the CPI
excluding housing.
rw_emp Income Index, real terméverage wage per employee post (deflated by the CPI
excluding housing) multiplied by the employmenerat
h_stock The stock of  Units of Measured by cumulating housing completions and
housing dwellings adding them to the 1995 stock figure (availablerfro
the Census of Population and housing). Until 1995,
figures are from Bar-Nathan, et al. (1998).
pop Population age Number of Measured by multiplying the general population ey t
25+ persons share of persons age 25 and above.
price Home prices Index, real termiEhe home-price index of the CBS, deflated by thé CP
excluding housing.
fwd_rate Real financial Percent 5-10 years forward return on CPI-indexedgunent
return bonds.
inf_std Standard Percent (log The standard deviation ofmonthly CPI-inflation
deviation of difference) (measured in log-difference) during a calendar .year
inflation
comp Housing Units of The number of dwellings for which construction was
completions dwellings completed during the year.
const_cost Construction Index, real termsThe price index of inputs in residential building
cost deflated by the CPI excluding housing.

that the marital status is unaffected by the deumlents in the housing market, and in our

opinion it better reflects the demand for housiery®es compared to the raw CBS data.

That said, in the end we chose to measure demogtegig the adult population series rather

than our estimate for potential households. Theasans led us to this choice: First, both series

are almost identical; the correlation coefficieetieen the series in (log) first difference is

0.94, and hence choosing one series over the wilierot affect our results much. Second,

generating the series for potential households awmesbseveral data sources and requires

statistical filtering, and these are likely to geate measurement errors. In contrast, the

population series is provided directly from the C&8 requires minimal processing on our

behalf. Finally, the population series is availattea timelier basis. The households series is

available with a lag of two years; hence, usingrésents a difficulty in making an analysis at

the end of the sample period, which is always ttiiad and more interesting part. The

population series by age is available with one-ylagr though estimates for the general

population are available at a monthly frequency il possible to generate an estimate for

the adult population at the end of the sample éatgr reliability than for potential households.
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4.1.2 The asset-pricing equation

To estimate the asset-pricing equation, we hawhoose variables to represent home prices,

the financial return and rents, where the lattehaee already presented above.

In the theoretical model, we specified the assieing equation with no risk premium. Under

cointegration, omitting the risk premium from thaimation would not affect the results if it

follows a stationary process. However, Rubinst&#98) points to a non-stationary risk factor.
Following the high inflation of the 1980s in IsraBlubinstein (1998) finds a negative relation
between inflation volatility and home prices. Hepkns that homeownership provides
insurance against unexpected inflation, and arthesthe uncertainty regarding the inflation
rate is rising with its level. We therefore expi risk premium to be lower during periods of
high inflation. Since in our sample the inflatioate is non-stationary, we augment the
estimation of the asset-pricing equation with igsmdard deviation.

Home prices.We measure home prices using the CBS hedonic imimeindex, deflated by

the CPI excluding housing. We label this varialgece".

Alternative return from the financial markets. In principle, the asset-pricing equation
should employ the full yield curve, as the pricaonfasset should reflect the present discounted
value of the stream of income it generates—thenmea year from today should be discounted
by the one-year return and the income expected ipears should be discounted by the 10-
year return. In the model we use the long-run wersdf this equation, suggesting the
appropriate return is the expected long-run forwatd. Furthermore, the relevant return is the
real return in terms of housing; however, as nals@re indexed to housing prices in the Israeli
market, we use CPIl-indexed government bdfidse use the net return, i.e. after tax, as this
is the effective return from the standpoint of fhéblic. In sum, we measure the return on
alternative financial assets using the 5-10 yeavdod rate of CPI-indexed government bonds.
We would have liked to use a forward return foomager horizon, but due to data limitations
at the beginning of the sample period we settletfier 5-10 year returt. We label the

alternative financial return "fwd_rate".

Adding the expected long-run rate of capital géinreal terms) would resolve this issue, as doamits for the
expected change in the price of houses relatiteedCPI1. Nevertheless, this rate is quite stahilgufe2.1) and
therefor omitting it would not affect the resultsder cointegration estimation.

Due to data limitation, for the years 1980—84deeve the forward rate from 4-6 year and 9-10 ymards.
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Standard deviation of inflation. We measure the standard deviation of inflatiomgighe
standard deviation of monthly CPI-inflation (measiiin log-difference) during a calendar

year. We label this variable "inf_std".

4.1.3 Construction supply equation

In order to estimate construction supply, we havehbose variables to represent home prices,
construction activity and its cost. We have alrepdgsented home prices under the asset-

pricing equation in the previous sub-section.

Construction activity. We measure construction activity using the sewéshousing
completions, which measures the number of dwellfogsvhich construction was completed
during the period. Another natural candidate f@resenting construction activity is housing
starts, though the choice between the two is opejuigment. Housing starts may be more
sensitive to changes in price and cost relativetopletions, as a deterioration in profitability,
for example, is likely to prevent some projectngeexecuted while projects that have already
begun are more likely to be completed. Howevergantrast, changes in profitability may
affect the pace of construction and as a resultaffiecct housing completions, while housing
starts may react with a lag due to bottleneckshim planning process. For the sake of
consistency with the series representing the hgusiock, we use housing completions. We

label this variable "comp".

Construction cost.We measure construction casing the price index of inputs in residential
building deflated by the CPI excluding housing.sariable is labeled "const_cos?".

4.2 Unit-root tests

Table4.2 presents the results of unit-root tests. We usestandard tests, Augmented Dickey-
Fuller (ADF) and Phillip-Perron (PP). In the testl,variables are logged, with the exception
of the real financial return and the standard deeof inflation. The tests were conducted on
the variables in levels and in first difference eTiull hypothesis in all tests is that a unit-root
process generates the series. As some variabldayls time trend (Figuré.l), the tests for

Admittedly, construction supply should also imguthe cost of land. However, data on land pricesnat
available, and we are forced to estimate suppllyauit them. This constraint is of course valid t@ahtributions
that have analyzed the housing market in Israete Nmowever, that if home-prices reflect a constaatk-up
over land cost, omitting the latter from the spieaiion does not affect the results.
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Table 4.2: Unit-root tests for the variables of the model, PValues
Sample period 1980-2019, Null hypothesis: variahbase a unit-root

ADF Tests* PP Tests
1) (2) 3) § (4) (5) (6)

Level Level First Diff. : Level Level First Diff.

Variable Constant andConstant only Constant onl)f/ Constant and Constant only Constant only
time trend . time trend

log(rent) . 0.7094 0.4398 0.0008 ! 0.8588 0.5135 0.0009
log(rw_emp) | 0.2795 0.9032 0.0000 | 0.2815 0.9488 @oo
log(h_stock) :  0.8643 0.7620 0.0293; 0.9044 0.7616 71
log(pop) 07778 0.8125 0.0627 ! 0.9510 0.7420 0.0619
log(price) . 0.7804 0.9461 0.0000 0.5609 0.9073 @000
fwd_rate i 0.1789 0.0830 0.0002 | 0.3825 0.1901 0.0002
inf_std i 0.0617 0.0672 0.0000 | 0.0772 0.0867 0.0000
log(comp) . 0.5696 0.4701 0.0000 | 0.3887 0.2728 0.0000
log(const_cost);  0.7052 0.9488 0.0021| 0.7052 0.9563 0.0000

* The number of lags for the ADF test was chosanguSchwarz Information Criterion, while restrigimto a
maximum of 3 lags.

the variables in levels allow for a deterministend in the alternative hypothesis, i.e., a trend-
stationary process — columns (1) and (4) in Tdb?eas well as a trendless stationary process,
columns (2) and (5). The series in first differed@play no trend, and therefore the alternative

hypothesis for them is a trendless stationary @®oeolumns (3) and (6).

Overall, it is apparent from Tabie2 that we cannot reject the hypothesis that thd lefvine

variables contain a unit-root, and that their fidéfference is stationary. Hence, provided
supportive results from cointegration tests, we @ohduct the econometric analysis using an
error-correction model. However, before perforntimg cointegration tests, we discuss briefly

the results of the unit-root tests for some ofwthgables.

Real financial return. From an economic perspective, the real returnuf€ig.1.9 is not
expected to follow a random walk, at least in lesagples. This is (weakly) supported by the
relatively low P-Value levels of the unit-root tesiompared with the rest of the variables, and
in particular the ADF test with only a constantetg the unit-root hypothesis at 10 percent
significance level (Tabletl.2). Nevertheless, the companion PP test does nettréhe
hypothesis, as do the tests that allow for a detestit trend. In addition, it is difficult to dete

a stationary behavior by examining the real retartne figure, providing an informal support
to the results of the formal tests. In sum, wetttiea real return as a non-stationary variable,
both because of the supportive evidence and bechiseequired in the estimation of the

cointegration relations.
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Figure 4.1: The variables of the model,
In levels (upper panel) in first-difference (lower panel), 1980-2019
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Standard deviation of inflation. The results for the standard deviation of inflatiare
inconclusive, as the tests do not reject the wat-hypothesis at a 5 percent significance level,
but reject it at 10 percent level (TaBle). This result reflects the stabilization of théation

rate in Israel over the last two decades, whi@ise apparent in the figure (Figutel.?). This
variable is required in the analysis in order tatoal for the risk premium of home prices at
the beginning of the sample period, and as we dstraie below, its presence in the regression
brings the econometric results closer to those estgg by theory. For this reason, and as the
stationarity tests are inconclusive, we treat thadard deviation of inflation as non-stationary.

Population and the stock of housingAlthough we cannot reject the unit-root hypothdsis
the population series (Table?), an informal examination may raise concern that driven

by a deterministic trend (Figure1.4. The large immigration wave in the early 1990syma
have created a break in the series, and in pragapilation does not contain a unit-root but
instead is driven by a deterministic trend that wlaifted upwards. However, a unit-root test
that allows for a break in the series, Perron (19880 supports the unit-root hypothée'Sis.
Similarly, the housing stock also seems to be drlwea deterministic trend (Figudel.3, but

in this case as well, the same test supports theaot hypothesis while accounting for the

break?°

5. The econometric model: Long-run equations

In this section we utilize the theoretical modeDW to guide us in the empirical specification
of the equations describing the long-run relationghe housing market. We specify the
demand for housing services, the asset-pricingtemyand construction supply, and estimate
them by OLS and by Fully-Modified OLS (FMOLS).Under cointegration, FMOLS

estimation is needed in order to derive consiséstimates for the standard errors. In this

The immigration wave from the former Soviet Unitarted in 1989, although the scale became siginifionly

in 1990 and accelerated in 1991. From examiningotmulation series (Figure1.4), the break appears to occur
in 1990. The test was performed with specificattbriadditive innovation”, and it does not rejece thnit-root
hypothesis with PratD.5. Furthermore, we performed additional unit-ests for samples starting after the main
immigration wave. The results are sensitive todkact starting date of the sample, though sampdesrg in
2004 or later consistently do not reject the uadtrhypothesis.

After examining the series of the housing stdégire4.1.3, we assume the break occurs in 1991, i.e., oae ye
after the break in the population series. Thewest performed with specification of "additive inrdion", and it
does not reject the unit-root hypothesis with P&b. Furthermore, sensitivity tests for samplegisgafter the
main immigration wave result in greater supporttfog unit-root hypothesis, relative to the popuolatseries.
Samples starting in 1999 or later consistently oioreject the unit-root hypothesis.

For estimation by FMOLS, see Phillips and Hand&€90).
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section we also present cointegration tests foesitienated long-run equations. These include
stationarity tests for the residuals via Augmeniedkey-Fuller (ADF) and Engle-Granger
(EG) tests, and by using Johansen tests for thebeumwf cointegration relations in each
equatior’®23We note that generally, the ADF and EG tests pi@gupport for cointegration,

while the results of the Johansen tests are lesdugive and leave room for judgement.

At the end of this section, we close the modeblfyg the stock of housing to completions (the
fourth quadrant in Figur&.1), and present estimates for the long-run elasgiof the
endogenous variables in the model with respedidgekogenous ones in general equilibrium,

as implied by the theoretical model.

5.1 Specifying the long-run equations
5.1.1 The demand for housing services and the measuremeoit housing shortage

The demand for housing services declines withritepi.e., rents, and rises with income and

population. We estimate demand using the follovaqgation:

log(h_stock,) = B§ + Bfentlog(rent,) + Bg,plog(pop,) )

+B5, emplog(rw_emp,) + uf

where we expect to g@%,,, < 0 andBd,,, By emp > 0. Panel A in Tablé.1 presents the
results of the estimation. All estimated paramet#es statistically significant and with the
expected sign: a rise in rent reduces demand, aisd & population and income raises it. The

OLS and FMOLS estimates are similar in magnitude.

The population coefficient is significantly lowenan unity. Previous papers analyzing the
Israeli housing market do not estimate a similamaed equation; instead, they estimate
equilibrium relations, and when using data for siteck of housing they do so relative to
population, thereby imposing a unitary coefficiddar-Nathan, et al. (1998), Nagar and Segal
(2011) and Weiner and Fuerst (2017)). A unitaryffo@ent is attractive in the sense that in
the long run, the housing stock is determined gdigldemographic needs, although it is not

We note that ADF is not a formal test for coimidpn, as it does not account for the fact thatrésiduals are
the product estimation and not raw data. We prdsengt the results of the test, as in Nagar-and|$2@41), and
view them merely as indicative.

As a default, we perform the Johansen test witbrestant in both the long- and short-run equatigves include
one lag in the short-run equations, and examineahestness of the results to that choice.
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clear that theoretically this is a necessary camdlitas other factors, such as the price of

housing services relative to income or other goodsy also affect the stock of housing.

For our results to be consistent with the assumptiat the population-stock ratio is stable
over time, the population coefficient in equatidpghould be larger than 1. The reason is that
in the long run, the stock of housing is determibgdhe intersection of demand and long-run
supply (LRS curve in Figur@.1), and to the extent that supply is upward slopihg,rise in
the housing stock will be smaller than the shiftté@mand generated by a rise in population. A
unitary population coefficient in equatioh) (s consistent with a stable population-stockorati
only if the long-run supply curve is perfectly @¢lasThe fact that we get a coefficient smaller
than 1 implies that the housing stock grows abaet pace than adult population, and it may
suggest a measurement problem of the housing s®iG&s, as suggested in the previous
section, though given the data in hand it wouldnbproper to impose a unitary coefficient.
Below we attempt to evaluate the possible biashé dstimated elasticities resulting from

mismeasurement of the housing stock (see Sestibf).

The residual of equatiori) provides an estimate for the surplus or shortadg®using units.

In the public debate, it is common to refer to ¢fag between some demographic aggregate,
typically the number of households, and the stddkonising as a measure for the shortage in
housing units. Nagar and Segal (2011) and Weinéfarerst (2017) adopt this interpretation
when examining the development of the housing stetiive to population. Equatiori)(
however, takes an economic approach in which th@wsior shortage are also affected other
market conditions, and in particular, changes éghce of housing services assist in bringing
the market to equilibrium. For example, even if shack of housing conforms to demographic
developments, a rise in households' income mayrgenexcess demand and hence shortage
in housing units. In that case, a rise in rentg@na rise in supply will restore equilibrium,
while the exact combination of the two is deterrdibg the elasticities of demand and supply,

as demonstrated in the DW model.

Finally, we note that the ADF and EG tests sugdest the residual of equatiord)(is
stationary, thereby implying cointegration among #ariables in the equation. The Johansen

tests, however, provide mixed results, as the Traasion of the test supports a single
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cointegration relation while the Eigenvalue versiwes not support cointegration (Table
5.1).24

5.1.2 The asset-pricing equation

The theoretical model evaluates home prices byligmunted present value of the stream of
rents they are expected to generate in the longWenspecify the asset-pricing equation as

follows:

log(pricey) = Bg" + Brenclog(renty) + Biv, oo fwd rate, 2

+Bg5c_std inf_std; + u;?

This specification augments the equation with ttaadard deviation of inflation as a factor
that controls for the risk premium, as suggestedblinstein (1998). We introduce the risk
factor and the interest rate linearly, even thomgie theoretical model prices are determined
by the ratio of rent over the (risk-adjusted) ietdrrate, and therefore in a specification where
the price and rent variables are logged, so shihw@dliscount rate. The specification above

represents a linear approximatton.

Estimating equation2j we expect to ge,,., Binr s.q > 0 @ndBy, ... < 0. Panel B in

Table 5.1 presents the estimation results. The OLS and FM@s&i8nates are similar in
magnitude, although the coefficients of the interate and the standard deviation of inflation
are somewhat smaller (in absolute value) undefh® estimation, but after accounting for
their standard errors the difference does not sadpstantial. All estimated parameters are
statistically significant and with the expectedrsig rise in rent and in the standard deviation

of inflation raise prices, while a rise in intereste reduces them. Notably, the rent coefficient

The Johansen tests in the table allow for onénlahe difference equations. When restrictingtéhsts to include
no lags, they provide clearer support for a sirglmtegration relation, and when allowing for tvag$ they
suggest that two cointegration relations exist. @tetion that immediately comes to mind is betwpepulation
and the stock of housing, as effectively assumeBdryNathan, et al. (1998) and Weiner and Fuef&t {2 and

is also implied by Nagar and Segal (2011). The ms@ceelation is between rents and income. However,
cointegration tests for these relations yield misesiilts. Furthermore, we note that from a thecaibfierspective,
decomposing demand into these equations yieldsradioting characterization of housing demand. The
population-stock relation suggests that demanerieptly inelastic, while the rent-income relatsuggests it is
perfectly elastic. In conclusion, we continue bysuasing that equationl) is characterized by a single
cointegration relation.

Also, the theoretical model assumes a fixed lef/etal rent in the long run, while the in thealegnts are growing
over time. In this case, the denominator of theetagecing equation equals the difference betwden(tisk-
adjusted) interest rate and the growth rate ofrdrdth in real terms and evaluated at their lamgvalues. The
specification of equatior?j reflects a first order approximation, holding stant the long-run growth rate of
rents.

25



Table 5.1: Estimation results of long-run equationd and cointegration tests, 1980-2019

Panel A: Demand for housing services

Panel B: Asset-pricing equation

Equation: . (1)
Dep. Variable: log(h_stock)
: OoLS FMOLS
log(rent) -0.0430 -0.0488***
(0.0173)
log(pop) 0.7806 0.7667***
| (0.0354)
log(rw_emp) | 0.1011 0.1293**
: (0.0476)
Constant 0.5135 0.4127*
(0.1634)
R? 0.9983 0.9983
No. of Obs. 40 40
ADF? 0.0018 0.0098
EG z-staf 0.0000
Johansen
max no. of CI§ Trace Eigenvalue
0 0.0458 0.1525
1 0.1710 0.1180
2 0.6471 0.6556
3 0.3905 0.3905

Panel C: Construction supply

Equation: ! (2)
Dep. Variable: log(price)
: OLS FMOLS
log(rent) 0.9664 O9F**
(0.1257)
fwd_rate -6.0397 -8.1685
(3.1878)
inf_std 5.9956 8.1280*
(3.2186)
Constant 0.4090 0.3138
(0.6132)
R 0.8654 0.8539
No. of Obs. 40 40
ADF 0.0148 0.0035
EG z-stét. 0.0000
Johansen
max no. of CI§ Trace Eigenvalue
0 ; 0.0056 0.0234
1 0.1050 0.1157
2 0.4170 0.4797
3 0.2390 0.2390

Equation: , 3)
Dep. Variable: log(comp)
I oLS FMOLS
log(price) 0.7850 0.8274***
: (0.1710)
log(const_cost) -0.9782 -1.1992*
! (0.6083)
Constant 4.3339 5.1331**
(2.2578)
R? 0.5383 0.5355
No. of Obs. 40 40
ADF? 0.0000 0.0000
EG z-sta 0.0000
Johansen
max no. of CI$ Trace Eigenvalue
0 0.1692 0.0451
1 0.9496 0.9517
2 0.5218 0.5218

! Standard errors in parenthesis; * 10 percent fibgmice, ** 5 percent significance, *** 1 percengsificance.

2 Augmented Dickey-Fuller test with no constant; laggth determined by Schwarz information criteri@mob. for rejectinghe null
hypothesis for the existence of a unit root. Thisdt a formal test for cointegration, as it doesatcount for théact that the residuals &
a function of estimated parameters.

3 Engel-Granger test; lag length determined by Schirdormation criterion; Prob. for rejecting thalbhypothesis of no cointegration.

4 Johansen tests with one lag in the difference teansa and with a constant in both the long-runatigms and the difference equatipns
Prob. for the rejection of the null hypothesis tloe existence of no more than n cointegratiations, n=0 to the number of regres:
(not including the constant).



is unitary, as suggested by theory. This resubisined due to the inclusion of the standard
deviation of inflation in the regression; in itssaince, the estimated rent coefficient is smaller,
around 0.8, though it is insignificantly differdndm unity (at a 10 percent significance level).
Clearly, the main effect of the inflationary risk home prices is at the beginning of the sample,
during the years of high inflation, but the fadttits presence in the regression affects the rent

coefficient and aligns it with theory, brings fomaldts importance.

Finally, we note that all cointegration tests suppointegration among the variables in the
asset-pricing equation (Taldel).

5.1.3 Construction supply

Construction supply rises with home prices andeBss with construction cost. We estimate
construction supply using the following specificati

log(comp,) = B5 + Bpricelog(prices) + Blonst costlog(const_cost) + ug 3)

where we expect to géty, ;. > 0 and Buse cose < 0. Panel C in Tablé.1 presents the

estimation results. The OLS and FMOLS estimatesiandar in magnitude, and all estimated

parameters are statistically significant and witle £xpected sign: a rise in home prices
increases housing completions, and a rise in aactgin cost reduces them. Further, we cannot
reject the hypothesis that the price and cost mieffits are equal in absolute value, suggesting

that construction supply reacts to their differenee, to profitability.

The price coefficient measures the price elastaitgng-run construction supply. Its estimated
value is around 0.8, suggesting construction supplgomewhat inelastic, though it is
insignificantly different from unity. Caldera andhhnsson (2013) and Cavalleri, et al. (2019)
estimate this elasticity for more than 20 OECD ¢aas?® Our estimate is similar to the one
Cavalleri, et al. (2019) obtain for Israel, 0.8das higher than that of Caldera and Johansson
(2013), around 0.4; though their low elasticity nya result of the relatively short sample
they use for Israel. Both find that the elasti@fyconstruction supply in Israel is moderately
lower than the median elasticity in the OECD coiestin their samples. Interestingly, these
papers also find a connection between supply eiast and regulation: countries with stricter

regulation on land use tend to have less elaspiplgu

26 Note, however, that these papers measure cotistriactivity using gross residential investment.
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Finally, we note that the ADF and EG tests sugdleat the residual of equatior®)(is
stationary, thereby implying cointegration among wariables in the equation. The Johansen
tests, however, provide mixed results; the Eigamvalersion of the test supports a single
cointegration relation while the Trace version doessupport cointegration (Takiel).?’

5.2 The residuals of the long-run equations

In estimating the error-correction model, we use tsiduals of the long-run equations as
explanatory variables for the short-run dynamicthefendogenous variables. The residual of
the demand equation indicates excess demand as®sepply, relative to long-run conditions,

in the market for housing services. Alongside tiesidual, we present, for comparison only,
the residual from an equation estimating the stdd¢tousing as a function of population alone.
We use the residual of the asset-pricing equationdicate over- or under-valuation of house
prices, and the residual of construction supplyindicate excessive, or insufficient,

construction relative to profitability. We use ttesiduals from the FMOLS estimations, and

present them in Figurg 1.28

The residual of the demand equation, equati)ndrovides an estimate for the shortage, or
surplus, in housing units relative to long-run dechaonditions. In contrast, the approach of
Nagar and Segal (2011) and Weiner and Fuerst (2pidf)ides a similar indication by
examining the ratio of population relative to thieck& of housing. Since we concluded that it
is improper to impose a unitary coefficient betwé#esn variables, we generate an estimate for
the shortage in housing, following their approdmhextracting the residual from the following

equation?®
log(h_stock;) = (t)i,stock n ﬁg,o.;)tocklog(popt) n u;l,stock @

Figure5.1.1 presents the estimates for housing shortage/sugdisuggested by the demand

eqguation, equatiori), alongside the estimate from equatidh (t is not surprising to see that

When allowing for two lags in the difference etjoias, the Trace version supports a single coiatémn relation
while the Eigenvalue version does not support egiration. With no lags, both tests do not suppairttegration.
The difference between the OLS and FMOLS resglimbmall. The correlation coefficients betweesnthare
0.97 and higher.

Equation {) is estimated by FMOLS for the sample period 080-2019 (40 observations). The population
coefficient is 0.8119 and its standard deviatiof.3106, suggesting the population coefficientigmificantly
lower than unity.
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Figure 5.1: Long-run estimated residuals
log points, FMOLS estimation, 1980-2019
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the two residual series are correlated, as therdifice between them is driven only by the

effect of rent and income.

The shortage in housing in the early 1990s, regpftiom the immigration wave from the states
of the former Soviet Union, is quite visible in thgure. Excess demand peaked in 1991, at
around 2 percent of the housing stock, when meddwy¢he demand equation, and about 3.6
percent when measured relative to population alésenoted, the difference between the
estimates is driven by the evolution of rent rekatio income. Naturally, at that time rents
increased sharply, also compared to income, themebgerating demand and the implied
shortage. The figure also suggests that excesen&raction during the immigration period,
as also suggested by Figiré.3 generated some surplus in the market startin§;188vever,
this surplus eroded and starting in 2007 the hagustock has become lower than the level
required by both long-run demand and demographys dbvelopment is likely to have
supported, among other factors, the rise in honocegover the last decade. The excess demand
has persisted since then, and at the end of thplsaensmall shortage remains. That said, the
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estimate based on the development of populatiogesig that the shortage was already closed
in 2016. The difference between the estimatesesaa muted rise in rents relative to income,

at least according to this measure, which kept dehetevated.

The residual from the asset-pricing equation (Fegud.?2 suggests that at the eve of the
immigration wave homes were undervalued; this result of a sharp decline in financial
returns that was not accompanied by sufficient mséhome prices. The undervaluation
continued for several years, even after pricesrisah sharply, as rising demand for housing
services drove rents higher as well. During theosddhalf of the 1990s, the rise in prices
eventually generated overvaluation; however, tlaelgal decline in real prices that followed
the immigration period, resulting from a surplus hiousing units (Figuré.1.1), eroded
valuation, and by 2006-07, at the eve of the rexsatin prices, undervaluation reached 13.7
percent, on average. It is likely that this und&raton, alongside the shortage in housing units
that started to emerge in 2007 and the declineturms, had also contributed to the rise in
home prices that started in 2008. As prices stadetise, the market turned once again to

overvaluation, and at the end of the sample, iD2@k estimate it at 5.5 percent.

Finally, the residual of construction supply (Figtrl.3 reflects the sharp rise in construction
resulting from the immigration wave in the early008. However, a decade later it seems that
construction activity stalled, relative to its egpel level as suggested by our model, which
explains the erosion in the stock of housing aedstiortage that followed (Figusel.l). Only

by 2013 the pace of construction approximately medcits long-run level, and by 2018 it

became even higher.

5.3 The long-run elasticities
5.3.1 Closing the model and methodology

In the DW model, a stock-flow identity ties the épment of the housing stock to housing
completions. The model suggests that in the lomgthe ratio of completions to the housing

stock should be constant, and therefore in estmgatilong-run equation of the form:

log(h_stock,) = B39 R + paeoci R log(comp,) + ug o~ (5)
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we expect the coefficient of housing completiq@ﬁ,‘,’,f;"m, to equal unity. Nevertheless, in

practice the estimated coefficient is much smakeound, 0.52° Again, this might reflect

mismeasurement of the housing stock, as discusstere

The demand equation, equatiol), (the asset-pricing equation, equatid), (construction
supply, equationd), and the stock-flow equation, equatids), (summarize the DW model

empirically. We write this system of equations caatpy as follows:
Ay = Bx = y =A"'Bx (6)

Wherey is a vector of the endogenous variableis a vector of the exogenous variables, and
A andB are coefficient matrices that summarize the estonaesults presented above. The
matrix A~1B expresses the long-run elasticitiey afith respect tac. The elasticities estimated
by each equation separately express the long-mastigties of housing demand, of partial
equilibrium relative to the financial markets, aafl construction supply. In contrast, the
elasticities we calculate using equati@i &re consistent with a simultaneous equilibrium in

all segments of the model.

5.3.2The long-run elasticities in the baseline estimatio

Table5.2 presents the estimates of the long-run elasticiiegeneral equilibrium under the
columns labeled "Baseline estimates". Note thatstge of the elasticities is consistent with
the predictions of the DW model. This result com&®o surprise, because the estimates of the

coefficients of the long-run equations have reaive expected sign (Taliel).

An increase in demand, driven by a rise in incom@apulation, raises all variables, rents,
house prices, construction activity and the stackousing. It appears that population is the
dominant demand factor, as all variables are alrfidstnes more responsive to population
compared with their responsiveness to incéhikhis conclusion is reinforced by comparing
the growth rates of these variables during the $apgriod, as on average both grew at similar
rates; adult population grew at an average anratelaf 2.5 percent and real income by 2.4
percent. In this comparison, the immigration yearthe early 1990s clearly bias upward the

average population growth rate, and over the leasade, for example, real income has grown

Equation §) is estimated by FMOLS for the sample period 082019 (40 observations). The housing
completions coefficient is 0.5150 and its stand#adiation is 0.2144. The fit of this regressiompdr, with its

R? equals 0.1785.

The ratio of elasticities is constant, and eqtmihe ratio between the population and incomédfioaents in the
demand equation.
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Table 5.2 Estimates of the long-run elasticities

Panel A: Long-run elasticities in general equilibrum

\Elasticity of y:i log(h_stock) log(rent) log(price) log(comp)
" i Baseline Unitary Baseline Unitary Baseline Unitary Baseline Unitary
' estimates stock estimates stock estimates stock estimates stock
witht x: ™~ : elasticity elasticity elasticity elasticity
log(pop) 0.69 1.00 1.61 1.21 1.61 1.21 1.34 1.00
log(rw_emp) 0.12 0.17 0.27 0.20 0.27 0.20 0.23 0.17
fwd_rate 1 -0.36 -0.52 7.28 7.49 -0.83 -0.62 -0.69 .520
log(const_cost) + -0.06 -0.09 1.30 1.34 1.30 1.34 120. -0.09

Panel B: Long-run supply elasticity (LRS curve)

. Baseline estimates  Unitary stock

| elasticity
w/rlt rent 0.43 0.83
w/r/t price i 0.43 0.83

Note: The baseline estimates refer to the estintmesd on equations$)( (2), (3) and §). The estimates under
"Unitary stock elasticity" are calculated under thstriction that the long-run elasticity of thedh of housing
with respect to population is unitary, and a comstatio of completions to the housing stock —Seetion5.3.3
for details.

faster than population (around 3.3 percent compir&d0 percent). However, the difference
in growth rates is far from closing the differencehe sensitivity of the endogenous variables

to population versus income.

An increase in the interest rate reduces home $ace quantities, i.e., the stock of housing
and construction activity, and raises rents. Iipalar, the high sensitivity of rents stands out
especially compared to the moderate reaction ofenpnces, which goes in the opposite
direction. The mechanism in the model that gensrtiis result goes through construction
supply. As the interest rate rises, prices fabrider to equate the returns between the housing
market and the financial market. The lower priceelecontracts construction activity and
thereby the stock of housing contracts as well. éosupply generates excess demand for
housing services, and as a result rents rise. iedensitivity of rents is a result of the very
low elasticity of housing demand (see the rentfomeht in the demand equation — Panel A in
Table 5.1). Furthermore, the rise in rents moderates thglrfall in prices, caused by the
higher interest rate, and therefore reduces thgtan sensitivity of home prices to the interest
rate. Nagar and Segal (2011) also report effectgpposite directions of the interest rate on
home prices and rents. That said, they relate what they call "the substitution principle”
between rental demand and owner-occupied demarey. @kplain that a rise in the interest

rate reduces demand for homeownership becauseageddpecome more expensive, and as a
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result home prices fall; at the same time, demanéhdusing services is directed to the rental

market, resulting in higher rents. The DW modeMmtes an alternative explanation.

A rise in construction cost reduces quantities, itlee stock of housing and construction
activity, and raises home prices and rents. Cocistru supply seems quite inelastic, as a rise
of 1 percent in cost reduces construction by only @ercent and the housing stock by 0.06
percent. The relative minor effect on quantitieseftected by much larger elasticities of home

prices and rents.

Adams and fss (2010) use data of 15 OECD countries to estithatdéong-run elasticity of
home prices (in real terms) with respect to ecowcaativity, the long-term interest rate and
construction cost (in real terms). Although theieasurement of the variables differs from
ours?, it is interesting to compare the order of magietof their elasticities to those we
estimate for Israel. The panel estimate of Adantskiss (2010) of the price elasticities with
respect to economic activity and construction aos0.34 and 1.30, respectively. These figures
are very close to those we estimated for Isra2lf @nd 1.30, respectively (Talie?). As for

the semi-elasticity of prices with respect to thierest rate, the difference is more substantial.
The panel estimate for the OECD countries is @Hile our estimate is -0.83. Nevertheless,
the figure for Israel is within the range of esttesafor the individual countries in their sample,
where Canada and Spain display the greatest sastiatly (in absolute value) with a value of
-1.16. It therefore seems that our estimates asoreble in international comparison, at least

those for the price elasticities.

We can also calculate the elasticity of the long-supply curve (LRS curve in Figugel) by
dividing the stock elasticity with respect to inoeioy the rent elasticity with respect to income
(or alternatively by taking the ratio of the elagtes with respect to population). Our estimate
for the long-run supply elasticity is 0.43, suggesit is fairly inelastic. A similar calculation
for the elasticity with respect to house pricesdgean identical figure, because the rent
coefficient in the asset-pricing equation is unjit@rable5.1). These results reflect the need for
substantial price adjustments in order to cleahthgsing market over time.

Adams and Fiss (2010) measure economic actigihgithe first principal component of real monejabaes,
private consumption, industrial production, GDP antployment. For the interest rate, they use thenmen 10-
year nominal government bonds, and argue thatsitifiicient to use the nominal return since intiatiequally
erodes the real returns of all assets, and therelioes not affect their relative attractiveness.
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5.3.3 Sensitivity check

For the conclusion of this section, we try to asdbg potential bias in the estimates of the
elasticities in case our data undervalue the taoe pf housing accumulation. In particular, we
are interested in examining whether the long-rygpguremains inelastic even after allowing

for a higher growth rate of the housing stock.

To conduct this exercise we must put some struatar¢he problem. First, we model the
measurement error in the data. We assume the foliprelation between the actual stock of

housing and its measurement in the data:
Q: = aQbexp(s,) a>0 0<b<1 (7)

whereQ is the actual housing stoc@, is our estimate for the stock in the data, ard a
random, white noise, shock. The assumption thapdnameteb is lower than unity reflects
the concern that the growth rate of the housingksio the data is lower than the actual rate.
Recall that the housing stock is the dependenabbriin the demand equation and that the
estimated specification is logarithmic (see equmefig). Therefore, in order to correct for the
bias in the estimation, we must divide all estirdateefficients in that equation by the value
of b. The constant term is also affected by the vafue tut it has no effect on the estimates
of the elasticities presented in Tabl€. Finally, the random shock in equatiof) joins that

of equation 1), but has no effect on the estimates.

In order to identify the value d@f, we assume a unitary long-run elasticity of thedwag stock
with respect to population, similarly to Bar-Nathahal. (1998), Nagar and Segal (2011) and
Weiner and Fuerst (2017). In addition, we imposeitary coefficient of housing completions
in equation ), that is, we impose a constant ratio in the lammgbetween housing completions
and the housing stock.

Before presenting the results, we note that unueset conditions the implied value floris
0.71, which suggests a substantial bias in thetdaga extent that seems unreasonable  us.
We interpret this as an indication that the assionpgif a unitary elasticity is too strong, and
we view the results of this exercise as boundimgviddues of the long-run elasticities, rather
than correcting the baseline estimates. The reardtpresented in Talle? under the columns
labeled "Unitary stock elasticity".

b = 0.71 implies that over time the completions data reftady 71 percent of actual housing completiondsTh
suggests undervaluation of almost 20,000 unitsveélithgs per year over the last decade, which inoew
seems widely unreasonable.
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In examining the results, note that, as expeckedelasticity of the housing stock has increased
(in absolute value) with respect to all variablesparticular, the estimate of the elasticity of
long-run supply has almost doubled—rising from @®.83. That said, and although this is
a substantial difference, the conclusion that éimgirun supply is inelastic remains, especially
when keeping in mind that these figures should &kert as upper bounds for the actual

elasticities.

As for the rest of the elasticities, they remaimikr in magnitude to those of the baseline
estimates. In particular, the elasticity of renithwespect to the interest rate remains high,

while the sensitivity of prices to the interesera even somewhat lower.

6. The econometric model: The short-run equations

This section estimates the short-run dynamics mtsrdhome prices and construction activity.
To that end, we estimate difference equations withr-correction factors, i.e., the residuals
from the long-run equations. These residuals meathe misalignment of the endogenous
variables relative to their long-run equilibriunvéd, and we expect them to affect the dynamics
in the short-run as they act as a gravitationalddahat constantly pulls the system toward its
long-run equilibrium. For example, we expect shgetan housing units to raise rents and home
prices, which in turn will accelerate constructiantivity and thereby reduce the initial
shortage.

We add to the model two exogenous variables thatigdvaot use in the estimation of the long-
run equations: the change in the shekel-dollar {NNED) exchange rate (deflated by the CPI
excluding housing), and the change in the shont-texal interest rate. We add these variables
to the estimation starting in 1997, after inflationlsrael dropped to single-digit level and
monetary policy adopted an inflation targeting megiand the use of the overnight nominal

interest rate as the main policy instrumént.

After years of high inflation, denominating rentsdahome prices in US dollars became
common practice in Israel, to protect against teeasion by inflation. As a result, nominal
rigidity in dollar terms emerged. With the declimeinflation during the late 1990s and early
2000s, exchange rate fluctuations became a domfaetdr in the variation of prices (after

conversion to shekels), and hence requiring torobfr exchange rate movements in the

34 The effect of these variables prior to 1997 aistically insignificant.
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regressions. As the shekel started to gain streaggimst the dollar, especially starting in 2007,
the market moved to denominating prices in localrency. We therefore multiply the
exchange rate in the regressions by the sharellaf-dienominated rent contractsNote that
since in our econometric specification we deflassnmal prices by the CPI excluding housing,

we do the same for the exchange rate.

We measure the short-term real interest rate ubm8ank of Israel policy rate net of expected
inflation from the capital markets (breakeven infia). This variable provides an indication
of the effect of monetary policy on the housing ke&rThat said, a better measurement of the
effect of monetary policy may be achieved by déftathe interest rate by the inflation target
rather than by expected inflation, as the lattafiscted by other factors in addition to policy.
However, for the agents acting in the housing ntaikes the expected real rate that matters,
and hence we choose to use it in the specificatidhe model, though we also evaluate the

direct effect of monetary policy in sensitivity aks.

We estimate the short-run equations by OLS. Tablés and6.1b present the estimation

results, where the first rows in the tables sumneathe effects of the error-correction terms,
i.e., the deviations from the long-run equilibrivom the dynamics in the short-run. Below we
describe our choice for the specification of eagliagion (highlighted in red in the tables) and

the considerations that have guided us.

At the end of this section, and in order to clds®model, we estimate a stock-flow equation
that links housing completion to the stock of dwgs. This equation represents the fourth
guadrant in the DW model (see Figutd), and we will use it for calculating the impulse

response functions of the model (see Se@)on

6.1 Rent dynamics

Column () in Table6.1a presents the equation for the short-run dynamiceents. The
coefficient of the error-correction term from thengiand equation is negative and statistically
significant, as expected. A 1 percent surplus o¢liags relative to demand is estimated to
reduce rents in the next period by 5.8 percent.

Data on the share of dollar-denominated rentrachivere published by the CBS during the year$208 in its
Price Statistics Monthly. In 2005 about 89 pera#nent contracts were denominated in US dolland, fay 2013
this rate fell to merely 2 percent. We assume ltleédre 2005 the share of dollar-denominated rentraots was
90 percent, and zero after 2013.

36



As for short-run factors, rent displays high ireds the coefficient of its lags are positive and
sum up to 0.78. Changes in lagged home prices danegative effect on rents, similar to the
result of Bar-Nathan, et al. (1998). This may reflshort-term substitution between rental
demand and homeownership, that is, a tendency tiswarmeownership provides a tailwind

to home prices while demand for rentals declindsiclv pushes rents downward. The DW
model provides an alternative explanation for tegative price coefficients: a rise in prices
stimulates construction activity, and the riseup@y reduces rents. However, this argument
goes through construction supply, and when we amgihg completions to the regression
(column @) in Table6.19 its effect is insignificant. It therefore seerhattthis mechanism is

more suitable for explaining long-run developmerdagher than short-term dynamics.

We obtain a result along similar lines for the efffef the short-term real interest rate. The
interest rate coefficient is positive, similar keetresult of Nagar and Segal (2011). They argue
that as a rise in the interest rate makes mortgagee expensive, it shifts demand from

homeownership to rentals and therefore raises.rents

Changes in the stock of housing and populationctaiffent dynamics, beyond their effect
through the error-correction factor. The estimateefficients have the expected sign, negative
for the stock of housing (supply effect) and pesifior population (demand effect). In addition

to population growth, we find that an acceleraiioits growth rate also raises rents.

Finally, rents are sensitive to changes in inconeeia the NIS-USD exchange rate during the
period it was customary to denominate them in dell@he indexation to the dollar is reflected

by its coefficient that is insignificantly differefrom 1.

Columns R) through ¢) in Table6.1aexamine the sensitivity of the results to the a@ffeof
additional factors. Columrg) adds the error-correction terms from the assetngy equation
and from the supply equation, and colurihdxamines the effect of the remaining variables
of the model we did not include in the baselinecdation. In both cases, the effects of the
additional variables are insignificant, and companeth column (), their inclusion in the
regression does not change the results much. treyar, it is noteworthy to point out that
rents do not react to asset pricing misalignmenrgast not directly, and hence realignment is
brought about through the adjustment of home priassdiscussed below). That said, rents
contribute indirectly to closing deviations fronetasset-pricing equation through their reaction

to lagged home prices. A positive deviation, t@;high home prices or too-low rents, reduces
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Table 6.1a Estimation results of short-run equations for rerts and home prices, 1981-2019, annual frequency

! 1) (2) 3) 4 ! (5) (6) (7 (8) (9)
Dependent variable: ! Alog(rent) Alog(rent) Alog(rent) Alog(rent) ' Alog(price) Alog(price) Alog(price) Alog(price) Alog(price)
Resid_Demand(-1) -5.7836*** -5.2081*** -5.4904*** -5.5322%** -4.0185*** -3.9922%** -4.6169*** -3.954 4%+ -4.2988***
! (0.9014) (1.1933) (1.1770) (0.9376) ! (0.7327) (0.7719) (1.1821) (0.7705) (0.8098)
Resid_Asset_Pricing(-1) | 0.0222 i -0.2116%* -0.2194 %+ -0.2029%*** -0.1982*+* -0.2152%+*
5 (0.0603) 5 (0.0467) (0.0490) (0.0570) (0.0573) (0.0489)
Resid_Supply(-1) ! 0.0474 ! -0.0392
| (0.0632) | (0.0411)
Alog(rent(-1)) ! 0.3743*** 0.3361* 0.2420 0.4157*** ! 0.1297
: (0.1187) (0.1361) (0.1634) (0.1230) ! (0.1579)
Alog(rent(-2)) L 0.4019% 0.4124%+* 0.4216%** 0.3675%* 1
: (0.1180) (0.1312) (0.1255) (0.1224)
Alog(h_stock(-1)) -4.0182*** -5.1475%** -3.9167** -3.4870*** -0.0852
! (0.9720) (1.8010) (1.2456) (0.9670) (1.0578)
Alog(pop(-1)) v 17787 2.1745% 1.6668* 1.5619* | 0.2215
5 (0.7335) (0.9382) (0.8202) (0.7598) (0.9146)
AAlog(pop) ' 3.9302*** 4.0943*** 4.1854*** 3.9119%** : 3.2954*** 3.3200*** 3.1994** 3.3295%* 2.8805***
| (0.8846) (0.934) (0.9742) (0.9314) (0.8903) (0.9383) (1.2975) (0.9317) (1.0084)
AAlog(pop(+1)) : L 2.7903%* 2.6896%+* 2.7647%* 2.8894%x* 2.7957%**
! ! (0.8451) (0.8893) (0.9052) (0.9728) (0.8611)
Alog(rw_emp) i 0.3056** 0.2937* 0.3548 0.3300** i 0.7411%** 0.7251*** 0.7081*** 0.6942*** 0.7301%**
! (0.1298) (0.1359) (0.2249) (0.1361) ! (0.1539) (0.1617) (0.1958) (0.1962) (0.1817)
Alog(price(-1)) -0.6059*** -0.5616*** -0.5677** -0.5644*** -0.0781
: (0.1126) (0.1294) (0.1257) (0.1155) (0.1472)
Alog(price(-2)) L -0.4182% -0.4131% -0.4233%** -0.3816%* |
; (0.0780) (0.0804) (0.0887) (0.0789)
Afwd_rate(-1) 1 1 -2.2834* -2.0399 -2.2606* -2.3578* -2.7218*
| | (1.1460) (1.2063) (1.3130) (1.2388) (1.3708)
Afwd_rate ' -1.2463 '
: (1.4205) :
(1-D1997)*Ainf_std 0.2237 1.8656** 1.9045** 1.7170** 1.8065** 1.6771**
! (0.6914) ! (0.6784) (0.7147) (0.7646) (0.7348) (0.7258)
Alog(comp(-1)) i 0.0356 i -0.0386
5 (0.0485) 5 (0.0414)
Alog(const_cost) : -0.0021 : -0.0679
; (0.0028) ; (0.2623)
D1997xSxlog(dollar) ! 1.0845*** 1.1073*** 1.1592%** 0.9903*** !
: (0.2404) (0.2652) (0.2637) (0.2486)
D1997>A[Bol-n_exp] i 1.2519* 1.2683* 1.2195 i
: (0.6763) (0.7195) (0.7294) :
D1997xA[Bol-7_tar] ; 0.3168
! (0.4352) !
D1997A[Bol(-1)- n_exp(-1)] ! L -2.1244% -1.9436% -2.0499%x* -2.1622%**
; ; (0.6727) (0.7326) (0.7115) (0.6997)
D1997A[Bol(-1)- _tar(-1)] | ! -1.1674%*
; ; (0.4739)
Constant ! 0.0769*** 0.0913*** 0.0802*** 0.0664*** ! 0.0018
_____________________________ p.(0.0214) . (0.0312)  (0.0252) (0:0215) i .. ... _____.(009L)
R? r 0.7762 0.7813 0.8015 0.7526 0.7960 0.7739 0.8084 0.7976 0.8023
No. of Observations : 39 39 39 39 : 38 38 38 38 38




Table 6.1k Estimation results of short-run equations for howing supply and the housing stock, 1981-2019, anrdeequency

! @) @) @3) @) ! ®) )
Dependent variable: ! Alog(comp) Alog(comp) Alog(comp) Alog(comp) | Alog(h_stock) Alog(h_stock)
Resid_Demand(-1) 1 -8.2573%* -8.1901*** -10.9229*** -8.2756* -0.1080**
' (1.7456) (1.7661) (2.8637) (1.7647) ' (0.0410)
Resid_Asset_Pricing(-1) | 0.3210** 0.3182** 0.3070** 0.3176** | 0.0099***
5 (0.1184) (0.1216) (0.1425) (0.1198) (0.0029)
Resid_Supply(-1) v -0.4479% -0.5045%** -0.5278*+* -0.4443%* |
| (0.1342) (0.1476) (0.1600) (0.1358)
Alog(rent(-1)) ' 0.4350 '
; (0.3541) ;
Alog(h_stock(-1)) 1 -10.5228%* -10.1973* -8.4046* -10.8329%* 1 0.8711% 0.5104%**
| (3.8363) (4.3092) (4.5434) (3.9157) ' (0.0530) (0.0544)
Alog(pop(-1)) 1 15.4912%* 14.7870%= 14.5783** 15.4780** 0.4095%***
! (2.2166) (2.5540) (2.4306) (2.2406) (0.0472)
AAlog(pop) L 7.0877% 7.2401%** 8.2662*%** 6.9939%* | 0.2125%*
(2.1702) (2.1772) (2.5216) (2.1997) (0.0503)
Alog(rw_emp) ' 0.4489 !
(0.4281)
Alog(price(-1)) ' -0.3394 '
: (0.3102) :
Afwd_rate -0.4034
' (2.5508) '
(1-D1997)*Ainf_std | -1.1060 |
' (1.4509) '
Alog(comp) : : 0.0174**
; 1 (0.0019)
Alog(comp(-1)) ! 0.0955 © 0.0097** 0.0073***
: (0.0968) : (0.0018) (0.0023)
Alog(const_cost) -0.7391
: (0.5183) :
D1997xA[Bol(-1)- n_exp(-1)] 0.8479
! (1.4910) !
Constant | -0.1487** -0.1447* -0.1764** -0.1405** | 0.0023*
____________________________ L. (0.0646) ____ (0.0659) _____ (0.0724) __ (0.0669) i _ (00012) .
R? | 0.8559 0.8696 0.8652 0.8574 | 0.9197 0.9148
No. of Observations i 39 39 39 39 i 40 39
Legends
Resid_Demand Error-correction factor of the housitogk relative to demand inf_std Standard dewviatiomonthly CPI inflation during a calendar year
Resid_Asset_Pricing Error-correction factor of #fsset-pricing equation comp Number of dwellingswhich construction was completed during the yed
Resid_Supply Error-correction factor of constructsupply const_cost Cost index of inputs in residébuilding, deflated by CPI excl. housing
rent Rent index, deflated by CPI excluding housing dollar NIS-USD exchange rate, deflated by CPI edicig housing
h_stock The stock of housing Bol The Bank of Israel interest rate
pop Adult population, age 25+ S Share of rent contracts denominated in dollars
rw_emp Average real wage per employee post mdtighy the employment rate n_exp Inflation expectations from the financial marketseakeven inflation)
price Home price index, deflated by CPI excludings$ing n_tar Inflation target
fwd_rate 5-10 years forward return on CPI-indexedegnment bonds D1997 A dummy variable, equalsutisg 1997
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prices in the next period (see below) and thede@uis upward after an additional period, due
to the negative effect of prices on rents (colui). Furthermore, we note that the effect of
the long-term interest rate on rents is insignificahough its inclusion has affected the
significance of the coefficients of income and siert-term interest rate (columg)).®
Finally, in column {), we examine the effect of monetary policy morecly, as we discount
the Bank of Israel interest rate by the inflatianget instead of by inflation expectations. In
this case, the effect of the short-term intere om rents becomes insignificant, suggesting

that rents react to market rates and not necegsknctly to monetary policy.

6.2 Price dynamics

Column §) in Table6.1apresents the equation for short-run dynamics ohé@rices. The
change in home prices is affected by the erroretion factors of the asset-pricing equation
and that of the demand equation. An overvaluatibfh percent reduces prices by only 0.2
percent after a year, reflecting that the convergeto the long-run equilibrium may take
several years. A 1 percent surplus of dwellingstnet to demand is estimated to reduce prices

in the next period by 4.0 percent.

As for short-run factors, acceleration in currendl @xpected population growtHifts home
prices, as do an increase in income and in infiatiolatility. 3 A rise in financial returns
reduces prices. Here we find a significant effaog of similar magnitudes, of both the long-
and short-term interest rates; a rise of 1 pergenp@int in either of them reduces home prices
in the next period by slightly more than 2 perc#ié note that although the coefficient of the
long-term rate is somewhat larger, the effect efghort rate is more significant, and this result
is robust to the different specifications we exagdirf{columns ) through ©)). In order to
evaluate the direct effect of monetary policy, viscdunt the short rate by the inflation target
instead of by inflation expectations (colun@))( In this case, the estimated coefficient is much
smaller and the fit of the regression deterioratasewhat. The coefficient of the short-term

interest rate remains smaller even when the long-tate is omitted (not shown). We conclude

The regression in columB)(also includes variables from the supply equatimwever, additional examinations
point to the long-term interest rate as the fatttat affects the coefficients of income and thatstaie. This may
reflect collinearity among the variables, and thefficient of the long-term interest rate may beeaignificant
in a longer sample.

We use next period's population growth rate aisdicator for its expected rate, as in Bar-Natretrgl. (1998).
The change in the standard deviation of inflagaters the regression only until 1996. After fhatiod, inflation
fell to a single-digit level, and changes in itsatdity have become minor (Figuré.1.7). This variable is
important for the estimation of the high inflatipariod during the 1980s.
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from the results that the effect of monetary polgwpbout 45 percent lower than the effect of

the real short-term interest rate.

Columns {) through @) in Table6.1apresent robustness checks for the results. Coluinn
adds the error-correction factor from the constamesupply equation, lagged changes in home
prices and rents, and a constant term. The coafii€iof these variables are insignificant, and
the rest remain stable relative to their valueseuride baseline specification in colun®).(
Column @) adds population growth and the growth of the hapstock, both lagged, and
column @) adds the variables from the supply equation, ttoason cost and housing
completions; in both cases, the estimated coeffisieof the additional variables are

insignificant and the rest remain stable relatovéheir value under the baseline specification.

6.3 The change in housing completions

Column () in Table6.1b presents the estimated short-run dynamics of naigin supply
(housing completions). All error-correction fact@af$ect the change in housing completions.
A 1 percent surplus of dwellings relative to demaaduces housing completions by 8.3
percent in the next period. Overvaluation of 1 pataelative to the asset-pricing equation
raises housing completions by 0.3 percent. Thiscefhay be driven by the slow convergence
of prices to their equilibrium level, suggestingatthcurrent overvaluation may signal
homebuilders that prices are expected to remavatdd in coming years. Finally, a 1 percent
deviation of construction activity from its suppdghedule reduces housing completions by
0.45 percent after a year. Among the short-rurofactve find that only changes in the housing

stock and population have a significant effect onding completions.

Columns @) through §) in Table6.1bpresent robustness checks to the baseline sgimfic
Column @) adds supply factors, lagged housing completiodscanstruction cost, and income
from the demand equation. Colunt) @dds factors from the asset-pricing equationgeag
home prices, rents, the forward rate and inflatiokatility. In both cases, the coefficients of
these variables are insignificant and they do flecathe results of the baseline estimation
much. The result that lagged prices do not affappl/ dynamics indicates that the actors in
the construction market are forward looking, areldignals they receive from the asset-pricing
eqguation and the dynamics of the housing stockivel#o population are sufficient for them

for learning about the future development of pri¢esally, column 4) examines the effect of
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the short-term interest rate, but its coefficianhisignificant and with a sign that is opposite of

what is expected.

6.4 Closing the model: The dynamics of the housing sthc

In the following sections we conduct two exercides require the closing of the model: (1) a
dynamic simulation that evaluates whether the misdale to track the endogenous variables
based solely on the realization of the exogenougblas and initial conditions; and (2)

analysis of impulse response functions that evatuhbw shocks are transmitted through the

system.

In the DW model, a stock-flow identity closes thedal by linking the stock of housing and
housing completions in a given period to the stoickousing in the next period. In principle,
we can conduct a similar calculation in the economenodel as the series of the housing
stock in the sample is constructed by accumuldiogsing completions; however, to that end
we need knowledge of the level of the housing siacthe initial period. This approach is
appropriate for the exercise of dynamic simulatb@cause we have data on the level of the
housing stock at the beginning of the sample, dnthat is left to do is to accumulate the
estimates of housing completions. However, we caapply this approach for the calculation
of the impulse response functions, as they reptéisertehavior of the system for any arbitrary
level of the housing stock. In order to close thedel in that case, we must characterize
generally how a percentage change in housing cdiopgetranslates into a percentage change
in the stock of housing. In addition, it would bengenient to maintain an auto-regressive

structure, so we can calculate the dynamics ofrtbéel simply by rolling the system forward.

Along the lines of the DW model, we first estim#ite housing stock as a function of housing
completions and its own lag, all in log-differen@®this estimation, we are mainly interested
in a good fit rather than an economic explanataathe motivation for this estimation stems
from an accounting identity. Colum#)(in Table6.1b presents the estimation results. The
results reveal high inertia in the dynamics of theusing stock, and that both the
contemporaneous and lagged change in completienmanortant for explaining its evolution.
However, the contemporaneous housing completiogisdegenous; hence, in order to achieve
an auto-regressive representation, we substitut@htits baseline specification, as presented
in column () of Table6.1h The results are summarized in coluriy) where we omitted from

the estimation the constant and the error-cornedgom of the supply equation, as both turned
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insignificant. The estimated coefficients mainttieir sign from the equation describing the
dynamics of housing completions (coluni))( with the exception of the coefficient of the
lagged housing stock as it contains both the pasiinertial effect (column%)) and the
contractionary effect on supply (coluni)) Overall, the estimation results in a high goesih
of fit, 0.91. Below, we use this specification fhre calculation of the impulse response

functions.

7. Dynamic simulation and historical decomposition

7.1 Dynamic simulation

The sample period spans over four decades, andgdtirat period the housing market may
have gone through significant changes. Our conisettmat relations among the variables that

existed at the beginning of the sample may no Ibhgkl at its end.

The econometric estimation yields decent goodnédg, detween 0.75 and 0.85, for the
dynamics of rents, home prices and housing conagpiget{Tabless.1aand6.1b. However,
these equations rely on the realization of the gadous variables (in lags), and in particular
all error-correction terms are based these datia.SHttion performs a dynamic simulation for
the endogenous variables, that is, we estimatgahe of the endogenous variables in every
period based solely on the development of the enagevariables and the initial conditions at
the beginning of the sample, in 1980. If during$henple period, the housing market has gone
through substantial structural changes that undersnihe ability of the model to estimate the
behavior of the endogenous variables, then we é¢xpecesults of the dynamic simulation to
diverge from the actual data. Appenéiypresents the methodology for calculating the dynam

simulation.

Figure 7.1 presents the results of the simulation for theligian of rents, home prices and
housing completions. Evidently, the model trackdl wreeir development in the data. The
results suggest that the stochastic trend in tteeat&inates in the exogenous variables; market
prices and quantities react to them, but do notasorshocks of their own that determine the
stochastic trend. We conclude that despite the $amgple period, the estimated relations are
sufficiently fundamental so that structural changeshe extent they occurred, did not affect
them substantially, and that our specification doesomit any important exogenous factor
that is detrimental to the long-run developmentthefmarket.
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Figure 7.1: Dynamic simulation of rents, home prices and housg completions
Levels (upper panelgndfirst-differences (lower paneldpg points, 1981-2019
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As for the factors behind the rise in home pricethe recent cycle, it is interesting to note that
the simulation hints that pressures for a pricegase already started in 2005, while in practice
prices fell for two additional years (Figurel.?. In 2007, at the eve of the rise in prices, the
simulated price is about 17 percent higher thaadtsal level, suggesting that a low starting
point explains at least part of the sharp riseicgs that followed. The historical decomposition
in the next section provides a more detailed amabfshe developments in the housing market

and of the factors driving them.

7.2 Historical decomposition

This section examines the contribution of the défe variables to the development of rents,
home prices and housing completions during the Eap®yiod. For ease of exposition, instead
of presenting the estimated contributions yeardmrywe focus on four periods, according to
the development of prices in the sample: We starhfthe years 1989-96 in which prices
increased sharply due to the immigration wave fthenstates of the former Soviet Union; the
second period covers the years 1997-2007, in wdricks fell consistently; we then examine
2008-11 where prices started surging in the cumrgcie; and finally we examine the years
2012-19. Note however that, as discussed belawvdier to understand the rise in prices during
2008-11, it is useful to examine their developnarhe eve of that period. Hence, we present
the period of 2008-11 alongside the years 2005-07.

Figure 7.2 presents the historical decomposition of the doution of the different variables
to the development of rents, home prices and hgusampletions, as estimated by the short-
run equations (Tableslaand6.1b). The decomposition presents the contributionazheof
the exogenous variables, of the error-correctianofa (presented in Figurg1), and the
combined contribution of the lagged endogenousaisées3®

Rents. We start with rents. Figuré.2.1 presents its historical decomposition. Population
development is the most dominant factor suppottiegise in rents throughout the sample. In
particular, its contribution during the immigratia@ve stands out, especially when keeping in
mind that this contribution is over and above teendgraphic effect captured by the shortage

It is difficult to provide an economic interpréta for the contribution of the lagged endogenvasables, as
they themselves are affected by the exogenous blasiaWe therefore combine the contributions of all
endogenous variables under one factor, and avoidding an economic interpretation for its conttibn. Note
that the error-correction terms are also functiofithe endogenous variables; however, here thepirggtion is
clearer as they reflect deviations from long-runilforium conditions.
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in dwellings (i.e., the error-correction term ofnnuend). The housing shortage clearly
contributed its share to the rise in rents, bueiftsct is smaller than the direct short-run effect
of population growth. During the decade followirige tmain immigration wave, population
growth continued supporting rents. However, thertsige turned into a surplus and overall
rents remained stable during the period. In 2008#€rits rose sharply again. Compared with
the preceding three years, it appears that the faetior that had changed is the transition from
a surplus to a shortage in dwellings, due to séyeas of insufficient construction (see also
Figuress.1.1and5.1.3. In addition, the shekel-dollar exchange ratactviplayed a significant
role in pushing rents downward during 2005-08, lpwter pressure on rents, mainly due to
abandoning the practice of denominating rent catgran dollars. Finally, in recent years,
2012-19, rents have risen mainly due to populagoowth and a persistent shortage in
dwellings. Overall, population growth has persifliesupported rents throughout the sample,
and in fact, this true for income as well, althouglantitatively its contribution is much
smaller. At the same time, it seems that the maatof generating cycles in rents is the
development of shortage or surplus in dwellinggnassured by the error-correction term of

the demand equation.

Home prices.Figure7.2.2 presents the historical decomposition of homeegti©uring the
immigration wave, the main factor that pushed ribgher was undervaluation of housing
(see also Figurg.1.2, which explains almost half of the total risgomces during that period.
Of course, the underlying factor is the immigrati@ave itself, but in terms of the model the
direct effect comes from rents (which, as notedrabmose due to the rise in population), which
in turn, drove prices higher. The rise in home gsigvas milder than suggested by the asset-
pricing equation, resulting in undervaluation. hetingly, this result is consistent with the
theoretical prediction of Poterba (1984). In hisd®lp price-setting is forward looking, and
hence agents in the market understand that thérdemand, which drives rents higher, will
also increase future supply. As a result, the r@acif home prices is milder. Other factors also
contributed to the rise in prices, including shgetan dwellings, population growth and a rise
in income, though the contribution of each of themnuch smaller than the contribution of the

error-correction term of the asset-pricing equation

During the decade following the immigration wave,1i997-2007, prices fell at an average
annual rate of 2.5 percent. The effect of mosbiaas relatively minor during that period, with
the exception of the transition from shortage istoplus in dwellings, which was the main

factor driving prices lower.
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Figure 7.2 Historical decomposition of rents, home prices ah housing completions
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7.2.3The change in housing completiong\log(comp)
Log points, annual averages

0.8

L0.6 L
1989-1996 1997-2007 2005-2007 2008-2011 2012-2019

Lagged Endog. & Const. =EC -Demand = EC - Asset Pricing = EC - Supply m=Population = Residual ®alog(comp)

Notably, the model is unable to track well the fisg@rices during 2008-11, as it generates a
very large residual in that period. That said, examy the development of prices in the
preceding three years sheds light on the reasdahddarge residual and the sharp rise in prices
that followed. First, a large residual with the opipe sign stands out for the period preceding
2008. Both residuals, the positive in 2008-11 dmedntegative in 2005-07, are exceptional in
size compared with the rest of the sample andhligindicate that pressures for higher prices
have started to build as early as 200®Ruring 2005-07, house prices actually fell by an
average annual rate of 2.1 percent. Thereforegins that the rise in prices, starting in 2008,
was largely driven by their low initial level, wiidid not conform to market's fundamentals
at that time. This is also consistent with the eocarrection term of the asset-pricing equation,
which points to undervaluation of home prices dgrihe period preceding 2008 (see also
Figure 5.1.2. During 2006-07, at the eve of the rise in pridbe asset-pricing equation
suggests an undervaluation of 13.7 percent on geeiihe large residuals here suggest that
the undervaluation was also driven by short-runoisc and overall it may have been even

larger, as suggested as well by the results aflyhamic simulation. In 2008-11 prices rose at

In fact, the residual of 2008 is also negativerethough prices have started rising in that yEaat is, the model
suggests that market conditions supported a higbelin prices than actually realized in that yéatceptional
positive residuals are recorded mainly for 2009-10.
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an annual pace of 9.0 percent, where 4.7 perceptagts of which (about half) are associated
with undervaluation (3.6 from the residual and ftrdm the error-correction term). Other
factors that supported the rise in home pricesghadransition from a surplus in dwellings to
a shortage, which on average contributed 1.5 pemanyear (one-sixth of the total rise in
prices), and the short real interest rate, whicfirdouted on average 2.4 percent per year (about
a quarter). In contrast to Nagar and Segal (20449, emphasize the role of monetary policy
as the main factor behind the surge in prices #tahat time, our estimates suggest that
although the short interest rate definitely prodidailwinds, it was not the main factor behind
it. In fact, its contribution to prices during 2648l is not much larger than its contribution in
the preceding three years. Furthermore, the catioibb here is that of the short real rate, and

as discussed above, we estimate the effect of rmgngolicy to be about 45 percent smaller.

Finally, in 2012-19, prices continued rising thowagla lower, yet substantial, pace (4.6 percent
per year, on average). During that period, the rfegtors supporting prices were a persistent

shortage and the rise in income, while overvalualias acted to moderate their rise.

Overall, since the beginning of the recent riseame prices in 2008, the shortage in dwellings
and the rise in households' income are the twmfadhat have consistently pushed prices
higher. During that period, on average, the sheriagiwellings raised prices by 1.8 percent

per year, while income growth contributed 2.0 pet@anually.

Housing completions. Figure 7.2.3 presents the historical decomposition of housing
completions. It is apparent that the two main fetdriving housing completions are
population growth and the housing sttickvhere population growth stimulates construction
activity and a rise in the housing stock suppres&€ae magnitude of their effect overshadows
the contributions of other factors in the regressieven though they are not negligible. In
particular, during the period of the immigrationweaundervaluation slowed down the pace
of construction, while the shortage in dwellings\pded tailwinds. During 1997-2007, the
effects of population growth and the housing stapgroximately cancel each other, and the
surplus in dwellings tilted activity toward a redioa in housing completions. From 2008 until
the end of the sample, the shortage in dwellingsgdide insufficient construction (the error-
correction term of supply) have accelerated housiompletions. Finally, we note that

overvaluation, starting in 2012, has also suppadittedacceleration in housing completions.

4 The stock of housing (lagged) is the only endogervariable in the regression (coluniq Table6.1b).
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8. Impulse response functions

The coefficients in the error-correction equatioeect the short-run reaction of each of the
endogenous variables to market conditions, sepgralbis section analyzes the dynamic

response of the system as a whole, that is, wakeg into account the interaction between
the various components of the model. To that emdcalculate the impulse response functions
of the system to disturbances in the short-run &ous

The impulse response functions present the difterdsetween the path of the endogenous
variables under an arbitrary scenario and thelr patler an alternative one that differs only in
the evolution of one of the shocks. The residuathé short-run equations do not display serial
correlation, hence in the following exercise wethet shocks decay within one period, that is,
their value is zero in all periods except for theripd in which we hit the system. For
presentation purposes, in order to show all impuils@ne graph, the size of the shocks to rents
and prices is one percent, and the shock to housimpletions is 10 perceft.Figure8.1
presents the impulse response functions of thegambus variables and those of the error-
correction terms. Appendi® presents the methodology for calculating the irepuksponse

functions.

8.1 A shock to rents

The continuous blue lines in Figuel present the response of the system to a 1 peskhienk
to rents. In the short-run, a rise in rents reduwmasstruction activity due its contractionary
effect on demand, though after three years theeggekversed as prices start to rise and support

construction activity.

The rise in rents instantaneously affects two ecmorection terms; it generates a surplus of
dwellings (Figure.1.5 due to lower demand at the new rent level, amagikes home prices
undervalued (Figure3.1.6. These have opposing effects on prices, and eatetimated
coefficients' value they approximately cancel eaitier, leaving prices stable one period after
the shock (Figure3.1.9. At the same time, both factors have a contraatip effect on
construction supply, which reduces housing comphatiafter one period (Figugl1.3. The

decrease in supply reduces the stock of housimy€8.1.4), and gradually erodes the initial

The variance of housing completions is large camag to that of rents and prices. This implies thatsystem
requires a relatively sizable shock in completiom®rder to obtain responses of similar magnitunlehbse
obtained from the shocks to rents or home prices.
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Figure 8.1: Impulse response functions to shocks in rents, mes and completions
100x log points
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surplus, though as long as prices are undervaloddtee surplus persists, the pressures for

lower construction activity continue.

Alongside these effects, the change in rents isifigertial (Table5.19, and therefore, despite
the surplus in dwellings during the initial peripdsnt appreciation fades very slowly (Figure
8.1.7). The continued rise in rents prolongs the duratiequired for closing the price
misalignment (undervaluation), which persistentiports a rise in prices. The rise in prices
increases homebuilders' profitability, and alongsilde initial fall in construction activity,
housing completions become lower than the longeqguilibrium level (Figure8.1.7). This
effect supports reversing the cycle, and afterettyears from the shock, construction activity

starts rising.

8.2 A shock to home prices

The continuous thick red lines in Figusel present the response of the system to a 1 percent
shock to home prices. Generally, the reaction @fstystem to a rise in prices is approximately
opposite to its reaction to a rise in rents. Ifitighe higher prices expand supply, and after a
few years the cycle is reversed and constructitimigccontracts.

The rise in prices instantaneously affects tworecosrection terms; it generates overvaluation
(Figure 8.1.6, and under-construction relative to the long-supply (Figure8.1.7). Both
factors accelerate construction activity in thelowing year (Figure8.1.3, while the
overvaluation also puts downward pressure on pfiEggire8.1.2 in order to realign prices
with the asset-pricing equation. At the same titlhe initial rise in prices reduces rents (Figure
8.1.7) due to its lagged effect (Taldelg, which generates a small shortage in housingu(Eig
8.1.9, in spite of the rise in construction activity miened above. However, as prices start to
fall, the initial rise in profitability erodes, arat the ongoing elevated level of construction
activity, an excess supply emerges (Fig8re.7). After four years from the initial shock,

construction activity is reversed, and housing cetigns start to contract.

8.3 A shock to housing completions

The dashed black lines in Figusel present the response of the system to a 10 peshenk
to housing completions. The rise in supply gensrakeess construction and reduces rents and

home prices in the short run.
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The rise in completions is terminated after only @eriod (Figure3.1.3 as it generates a
surplus of dwellings (Figur8.1.5. After an additional period, this surplus reducersts and
prices (Figures3.1.1and8.1.2 respectively), but due to a stronger reactiorréats, home
prices become overvalued (Figuwe.g. Although the increase in construction activegts
for only one period, the excess supply persistséweral years (Figui&1.7), reflecting that
the fall in construction activity is relatively rdilcompared with its initial rise (Figugl1.3,
and it is also a result of the overvaluation. Aftaee years from the initial shock, the decline
in rents stimulates demand sufficiently to turn thiéal surplus into shortage (Figugl.5

and the cycle is reversed, although with a reltivald effect on the system.

9. Conclusion

The housing market is characterized by long cycleflecting persistent deviations from the
long-run equilibrium. The estimation of an econameeatnodel for the Israeli housing market
reveals that these deviations have a crucial effieds short-run dynamics. In order to identify
the long-run equilibrium relations, the estimatimtied on a sample that spans over four

decades and the structural model of DW guidedpiesification.

The estimation provides several insights on theadtaristics of the housing market, and on
the factors contributing to its evolution duringettample period. We find that both long-run
demand and long-run supply are quite inelastic.ablgt the supply elasticity is affected,
among other factors, by the planning and constiactiolicy—Cavalleri, et al. (2019) and
Caldera and Johansson (2013), and the inelastplystgflects the difficulty of the market to
adjust its quantities to evolving demographic neads result, the market-clearing mechanism
works to a large extent through price adjustmehé model also sheds light on the interaction
between home prices and rents: a rise in rentegdiee return of homeownership, and hence
increases home prices; in contrast, a rise in hanmees reduces rents as it stimulates housing
supply.

As for the factors behind the surge in prices i08€1, several indications suggest it was
triggered by undervaluation in the preceding perin@006—07 home prices were 13.7 percent
lower, on average, than their implied level by #sset pricing equation, and the dynamic
simulation of the model points to an even largguffe. In addition, and although the model is
unable to account well for the rise in prices dg2008-11, in the preceding three years prices
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had fallen excessively, in terms of the model, #redsurge in prices that followed had largely

corrected the misalignment in prices.

The shortage in dwellings had a moderate but gergisontribution to the recent rise in home
prices, and starting in 2012 it is one of the nfagtors, alongside income growth, supporting
them. That said, the acceleration in constructaividy in recent years has closed much of the
shortage towards the end of the sample. Finallyatary policy also contributed to the rise in
prices in 2008-11, though it played a minor roled starting in 2012 its contribution is
negligible.

The analysis in this paper paints the picture efitbusing market in general contours. It uses
macro data and does not dive into details suchasges in construction policies, subsidies to
targeted populations, and taxation reforms. Needetis, the dynamic simulation of the model
is able to track well the evolution of prices angantities in the market over four decades,
relying only on initial conditions from 1980 andetbdevelopment of the exogenous variables.
Therefore, it seems that the model is able to deserell the main developments in the market,

despite its limitations.

Appendix A: Estimating "potential households"

In the body of the text, we noted that the endogsneaction of housing density might affect
the extent to which the series of the number ofskbolds, as measured by the CBS, is
indicative of housing demand. Recall that the CBSn@s a household as a person or a group
of persons that live regularly in the same dwellamgl share a budget for food. However, we
expect this estimate to vary with housing affortighias a number of "potential" households
may tend to live in the same dwelling in face afng housing costs. If this is the case, then
the measurement method, as applied by the CBS,ratatkss the number of households

indicative of housing demand.

This appendix derives an estimate for potentialskebolds, compares it to the series of adult
population we use in the body of the text for tlséneation of the econometric model, and

presents suggestive evidence for the endogeneibeatiw households' series.

To estimate the number of potential households seepopulation data by marital status and
age. When a rise in the price of housing servicships young couples to live in their parents'
home, for example, information about the numbemafried couples may help identify the
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number of households relevant for housing demahi. dpproach assumes that marital status
is unaffected by developments in the housing mati@wever, even if this assumption is not
completely accurate, our estimate is likely to dretéflect housing demand than the raw series
of the number of households. Under this assumptianattempt to extract the exogenous
component of the raw series, i.e., the componeattithunaffected by developments in the
housing market. To that end, we use data on thebauof married people age 20 and above

and the number of unmarried people age 25 and &harel estimate the following equation:

log(hhy) = yo + ymlog(married;) + yymlog(un_married;) (A1)

+ymetrend, X log(married,) + yymetrend, x log(un_married,) + ul"

Wherehh is the number of households as measured by the @Bfried is the number of
married persons age 20 and abawe,married is the number of unmarried persons age 25
and above, antirend is a linear time trend. The interaction variabdeth the time trend are
meant to capture the effect of changes in theibligton of marital status in the population
over time. Our estimate for the series of potentialiseholds is the fitted value of the
regression. We estimate equatiéri) by FMOLS, and note that the estimate we obtamfr
the logarithmic specification, as presented absvalmost identical to the one obtained from

a specification that uses the original ufits.

Figure Al presents the estimated series and compareshietseries of adult population we
used in the text. The two are almost identical,ordy in their level but also in their rate of
change, with the exception of minor differencethatbeginning of the sample. The correlation
coefficient between them, in first difference, i94. This comparison suggests that the cost of
using the series of adult population in the ecortamanalysis is probably low, even though
the series of potential households is theoreticailgre appropriate for representing
demography in the demand equation. The data progessquired for generating potential
households and their availability with a significéayg, also supports using the adult population

in this study.

Until 1995 the CBS reported marital status byigion between singles (i.e., never-married) and-siagles. In
order to separate the non-singles to married antaeied, we used the CBS labor-force surveys fanutating

the share of married in the non-singles population.

Equation A1) was estimated for the sample period of 1976-Z@2&bservations after adjustment), according to
data availability. Estimation results:

Variable constant log(married) log(un_married) trendxlog(married) trenglog(un_married)
Coefficient 1.7837** 0.4275%** 0.2934#*** 0.0018*** -0.0012**
(Standard error) (0.4087) (0.0738) (0.0252) (0.0004) (0.0004)

™ 1 percent significance,?R0.9997
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Figure Al: Potential households and the adult ~ Figure A2: The difference between the measured

population (age 25+) number of households and "potential households",
and the development of rents relative to income
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Finally, we look into the claim of endogeneity iretraw series of households. If there is truth
to this hypothesis, then we expect that in permfdew housing affordability, i.e., in periods
where the price of housing services is high redativ income, the number of potential
households would be greater than the measured nmurhib®useholds in the raw data. This
suggests that the residual of equatiéri)(would be negative in periods of low housing
affordability and positive in periods of high affiability. For an indication of this endogeneity,
we examine the estimated residuals of equatibh) (relative to the rent-income ratio

(detrended) and relative to the residual from resjrey real rent on real income, as foll6%W8
log(rent,) = B + Brn mplog(rw_emp,) + uf™ ™ (A2)

Figure A2 presents the results. The correlation coeffickattiveen the residuals is negative
and significant and equals -0.54; so is the caiglavith the rent-income ratio (detrended),

which is -0.50. These results support the hyposhibsit housing affordability affects housing

We measure rent and income in the same waytag imain text. See Tabfel for details.
Equation A2) is estimated by FMOLS for the sample period 082019 (40 observations). The income
coefficient is 1.4255 and its standard deviatiod.&640. The Ris 0.8523.

56



density, and in particular it affects the measumméthe number of households in the official
statistics. Notably we do not find similar evidendeen measuring housing affordability using

home prices. In that case, the correlation coeffits are practically zero.

Appendix B: The methodology for calculating the dynamic simwtion and

impulse response functions

This appendix presents the methodology for calmgathe dynamic simulation and the

impulse response functions. We write the modekinegal form as follows:
AY, = BX'R + u, (B1)

p
AYt = aut_l + E ﬁlAYt—l + )/XER + St (BZ)
i=1

Where B1) summarizes the long-run equations aad) (summarizes the short-run equations.
The number of long-run equations equals the numibasintegration relations (which we label
asr), and the number of short-run equations equalsitimber of endogenous variables. (

Y, € R™ is the vector of endogenous variabks? € R¥Lr is the vector of exogenous variables
in the long-run equations, ai¥f® € R*sr is the vector of exogenous variables in the short-
run equations. Lekt denote the total number of exogenous variablésarsystem, that i =

kir + ksg. A is the first-difference operator, anpdis the number of lags in the short-run
equationsu is a vector of the error-correction terms ands a vector of residuals of the

difference equations, B, a, f; ... B, v are coefficient matrices of conformable dimensions

Using B1), substitute for,_, into (B2), and rearrange to get 4R (p + 1) representation for
Y::

14
Yo =+ aA+ Y g + z (Bi — Bi—1)Ye—i — ﬁth—p—1 - aBX{“fl + VXtSR +& (BI)

=2

Below we use the auto-regressive representati@3)ffor calculating the dynamic simulation

and the impulse response functions.

B.1 Dynamic simulation

The dynamic simulation calculates the developménhe endogenous variables only as a

function of the exogenous variables and initialdibans. Given the value of the endogenous
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variables at the beginning of the sample, estinfatethe coefficient matrices, and the realized
path of the exogenous variables, one can use eqgugts) recursively to derive estimates for

the endogenous variables in every period (sethiagésiduals to zero).

The dynamic simulation in the text uses equati®f) (for rents, home prices and housing
completions—that is, we use only three of the fequations defined by3@). In order to close
the model we must specify an equation for the stdakvellings. Recall however, that in our
data this series is calculated by accumulating ingusompletions, and hence there is no need
to represent it as a stochastic process; insteadimply conduct an analogous calculation in

the simulation:
h_stock,; = h_stock;_, + comp; (B4)

Finally, we note that the simulation in the texesid980 data as the initial conditions, the
estimated value of the entriesdrandB are presented in Tabiel, and those of, thef's and

y are presented in tabfelaand6.1h

B.2 Impulse response functions

We now turn to calculating the dynamic responsthefendogenous variables to disturbances
in the residuals of the short-run equations. Theuise response functions describe the
difference between the evolution of the endogenaumbles under an arbitrary path of the
exogenous variables and the random shocks, andeth@ution under an identical path that
only differs in a disturbance to one of the shocks.

Unlike the dynamic simulation, in this case we aanaccumulate housing completions to
calculate the stock of dwellings, because the misdedtimated in log-differences and we have
to convertpercentage changes in completions intger centage changes in the housing stock, at
any arbitrary level of the housing stock. To cadtelthe impulse response functions we
therefore use the estimation of the short-run dyoswof the housing stock, colum®) {n Table

6.1k which links empirically housing completions t@tstock of dwellings in log-differences.

We can now write equatio) as anAR (1) process:

th = A?t—l + FXt + gt (BS)
Where:
o=y - YT Xe =[x xR E = (& Onpxa]’
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A= I, +ad+B; Bo—P1 Bs—B2 - Bp—Pp-1 —Bp
Inp Onpxn n(p+1)xn(p+1)
[ —aB y
= 0 0
| ankLR TlekSR n(p+1)><k

Let IMP/, ; denote the difference in period- s between the value of the endogenous variables
under some arbitrary baseline scenario, i.e., laitrary path off, andz,, and their values under
an identical scenario except that thk disturbance in this scenario is higherdby periodt

and then immediately returns to its value in thediae?’ In the text is set to 0.01 for rents

and home prices, and to 0.1 for housing completions

Definee; (i =1,...,n) as a vector siza(p + 1) x 1, where in our case = 4 andp = 2,

whose entries are all zero except for the enttii@tth place which equals 1:

cp={} =

0 otherwise

Now, using equationg5), we can calculatBM P, ; recursively:
IMP} = §e; i=1,..,n

IMP}, s = AIMP}_, s=1,23,.. i=1,..,n

47 In principle one can introduce persistence tostigcks, however in our estimation the residuapldi/ no serial
correlation.
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