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Abstract

The increased volatility of asset prices in both developing and devel-
oped economies seems to be a growing concern for economic policy makers.
Whilst there is a growing literature investigating the link between mon-
etary policy and its implications for asset price volatility there remains
uncertainty regarding the overall effects of macroeconomic shocks on long-
term asset prices. Using a VAR framework and South African house price
data from 1970 to 2006, this paper takes a preliminary step towards iden-
tifying how this asset price responds to macroeconomic shocks and the
relative importance of these shocks.

The paper has shown that the dynamics of house prices can be analysed
in South Africa using a tractable VAR framework. The empirical results
suggest that the behaviour of the housing market is in line with the theo-
retical expectations of a perfect capital market and that house prices do
not play a large role in the monetary transmission mechanism.

It does however show that adverse monetary shocks do have a signif-
icant negative impact on house prices and the timing of the response of
house prices matches output. This paper also finds that short-run house
price fluctuations are largely explained by inflation af;d demand shocks
whilst, in the long-run, supply factors explain a large amount of the vari-

ation in house prices.
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1 Introduction

In the last few decades, central banks were given the necessary autonomy to pur-
sue the objectives of monetary policy. As a result, the political business cycle
was successfully eliminated in countries that have adopted these reforms and the
inflation outlook has improved in both these developing and industrialised coun-
tries. However, after having achieved a stable monetary environment economic
policy makers are now being confronted with increasing asset price volatility.

Whilst it is felt that macroeconomic factors and the monetary stance were
key factors behind asset price fluctuations,! there is uncertainty over the overall
effects of these factors on long-term asset prices - such as real estate and equities
- and the relative importance of these factors. Furthermore, while it is agreed
that central bankers ought to look at asset prices in the context of an overall
strategy for monetary policy, less is known on how to respond to asset price
movements and the impact of macroeconomic shocks on asset prices.

Using a VAR framework and South African house price data this paper takes
a preliminary step towards identifying how this asset price responds to macro-
economic shocks and the relative importance of these shocks. It is therefore
useful to disentangle the effects of how much variability in house prices is at-
tributed to monetary and other factors such as demand and supply disturbances.
Furthermore, the paper provides some qualitative and quantitative evidence on
the interrelationship between the housing market and the wider economy and

gives some indication of the degree to which monetary policy affects real house

1Sec Hutchison(1994) and Bernanke and Gertler (1999)



prices.

The empirical results suggest that the housing market behaviour is in line
with the theoretical expectations of asset price behaviour in an environment of
relatively perfect capital markets. Further, house prices are found not to play
a large role in the transmission mechanism as they are neither consistent with
the standard monetarist model nor the “credit channel” view. The results do
however show that adverse monetary shocks have a significant negative impact
on house prices and the timing of the response of house prices matches output.
The results indicate that short-run house price fluctuations are largely explained
by inflation and demand shocks.

The paper is laid out as follows: Section 2 reviews the relevant literature on
the relationship between the macroeconomy, house prices and monetary policy.
Section 3 lays out the econometric methodology which relies on the common
trends approach developed by King, Plosser, Stock and Watson (1991) and
provides the motivation for using this framework to describe the main macro-
economic forces driving house prices. Section 4 provides a description of the
data and the empirical results are analyzed in Section 5.2 Finally, Section 6

provides some concluding remarks on house price movements in South Africa.

2] thank Anders Warne for providing the RATS code for estimating common trends.



2 House prices, monetary policy and the macro-

economy

Researchers are increasing looking at the role that asset prices might play in the
monetary transmission mechanism and in the macroeconomy. This idea is not
entirely new and can be traced back to Fisher (1933). The debate concerning
asset prices and monetary policy have wide ranging views.

The first view suggested by Alchian and Klein (1973) supports the view that
asset prices should be included in traditional measures of inflation. They argue
that traditional measures of inflation such as CPI and the GDP deflator are
inadequate as consumers are not only concerned about the price of goods today
but also changes in prices that affect consumption tomorrow. If consumers were
to anticipate higher inflation in future periods, these traditional measures would
not take into account this pessimistic view of inflation as they reflect past price
pressures. Asset prices such as stock and housing market prices rise immediately
in anticipation of higher inflation in the future. Therefore, inflation measures
should take asset prices into account.

Other proponents of including asset prices in inflation measures base their
decision on the belief that asset prices predict future movements in CPI. Whilst
stock prices do not predict future inflation (Stock and Watson (1999)) hous-
ing prices have been found to be significant predictors of future inflation. In
particular, Goodhart and Hofmann (2000) find that house prices are signifi-

cant predictors of future in inflation in twelve countries, which included both



developed and developing countries. Whilst Filardo (2000) and Gilchrist and
Leahy (2002) find that although house prices are significant predictors of fu-
ture inflation, they are only able to marginally improve the prediction of future
inflation.

However, Filardo (2000) adds an important qualifier to his results. The
paper notes that if monetary authorities are confident that asset prices are
sending reliable inflationary signals, the benefits of including asset prices would
outweigh the costs.

There are two remaining arguments that discuss the role of assets prices
in the monetary transmission mechanism. The first is a standard monetarist
model which allows for relative price changes when there is a monetary shock.
The standard monetarist model highlights that a monetary shock changes the
stock of money relative to the stocks of other domestic and foreign assets. This
changes the marginal utility of money relative to both the marginal utility of
other assets and the marginal utility of consumption.® Money holders attempt
to restore equilibrium by equating the ratios of marginal utilities to the relative
prices of assets, current production and consumption. This involves changes in
relative prices, in spending and asset portfolios. Social and private productivity
of money arises when there is uncertainty over the persistence of monetary
shocks, other shocks and relative prices. Therefore, relative prices reflect the
balance of opinion that follows the new shock.

Using house prices, Meltzer (1995) finds evidence that monetary shocks are

3See Meltzer (1995).



transmitted through relative price changes and changes in real money balances.
The pattern of changes in relative prices and real money balances differ between
countries and varies from cycle to cycle. Various shocks also change relative
prices in different ways. For instance, a housing boom changes relative prices
differently to an export led boom. According to Meltzer (1995), the simple
monetarist model can be expanded to include the role of financial intermedia-
tion. The transmission of monetary shocks is not qualitatively different in this
extended framework.

The second argument is the “credit channel” view of Bernanke and Gertler
(1995, 1999) and Kiyotaki and Moore (1997). This view looks at the role that
financial intermediation (particularly credit) plays in the monetary transmission
mechanism. Bernanke and Gertler (1995, 1999) modify a standard dynamic
New Keynesian model to allow for financial accelerator effects. This differs
from the standard dynamic New Keynesian framework primarily in assuming
the existence of credit-market frictions. The presence of these frictions gives
rise to a “financial accelerator” that affects output dynamics. In particular,
self-financing is more expensive than external financing in which entrepreneurs
have no collateral to offer. External finance costs decrease with the value of
collateral supplied by the entrepreneur. Therefore, if the financial position of
borrowers improves, the costs of external finance declines, amplifying investment
and output fluctuations compared to a credit market without frictions.

Both the modified New Keynesian model and monetarist view are alike in

that they agree that lending and credit markets play an important role in the



transmission mechanism. However, as Meltzer (1995) notes they differ in two
important respects. The transmission process in the monetarist model focuses
on relative prices. It also distinguishes between, money, loans and securities
and real capital while the “credit channel” model focuses on the shifts in the
distribution of small and big borrowers, and the principal assets and liabilities
are money, bank loans, and a combination of securities and real capital.
In addition, using the “financial accelerator” model described above, Bernanke

and Gertler (1999) investigate whether there is any role of asset prices in
the formulation of monetary policy in a flexible inflation-targeting framework.

Bernanke and Gertler (1999:78) conclude that:

“The inflation targeting gpproach dictates that central banks should
adjust monetary policy actively and preemptively to offset initial in-
flationary and deflationary pressures. Importantly, for present pur-
poses, it also implies that policy should not respond to changes in
asset prices, except in so far as they signal changes in expected in-

flation.”

Cecchetti, Genberg, Lipsky, and Wadhwani (2000) claim, however, that a
more general case can be made for central banks to react to asset prices in
the normal course of policy making. They argue that monetary authorities can
improve macroeconomic performance by reacting to asset price misalignments
but do not advocate asset price targeting. Therefore, monetary authorities that
are concerned with both hitting an inflation target and smoothing output and

price adjustments are likely to achieve superior performance by adjusting its

10



policy instruments not only to inflation (or to its inflation forecast) and the
output gap, but to asset prices as well. This conclusion is based on results
from simulations of two theoretical macroeconomic models one of which is the
Bernanke and Gertler (1999) model described above.

This view by Cecchetti et al. (2000) contrasts with the popular belief that
there is little hope of being able to infer anything from asset price movements
that is useful for monetary policy purposes, partly because asset prices are so
volatile and partly because central banks do not possess more information about
equilibrium valuations than the private sector.

In response to their findings, Bernanke and Gertler (2001) introduce a sec-
ond source of shocks that influence asset prices. Whereas their original work
examined the consequences of non-fundamental bubbles alone, now they include
the possibility of fundamental technology shocks as a source of movements in
equity values. Using this model their original findings do not change.

Bernanke and Gertler (2001) also allow for investor sentiment to affect in-
vestment decisions. This extended model includes exogenous bubbles in asset
prices by allowing the market price of capital to differ from capital’s fundamen-
tal value. They find that asset prices are significant only to the extent that they
signal potential inflationary and deflationary forces but these are difficult to dis-
tinguish. Therefore, if the central bank has a strong commitment to stabilizing
expected inflation, it is unnecessary for monetary policy to react to asset price
fluctuations as this adds little to stabilizing output and inflation.

As a result Cecchetti, Genberg and Wadhwani (2002) provide new estima-

11



tions and analysis and conclude that the results differ largely from Bernanke
and Gertler (2001) due to different assumptions about whether a central bank
can distinguish between financial and technology shocks. The most comparable
set of simulation results is the one in which there are no shocks to the funda-
mentals. Bernanke and Gertler (1999) show that monetary authoritiss reacting
to asset prices instead of reacting to the output gap results in inferior economic
performance. This implies that the central bank should not ignore the output
gap and treat asset prices as a substitute for other information about the econ-
omy. Cecchetti et al. (2002) agree to this. However, they also argued that
taking account of asset prices in the process of setting monetary policy leads
to an improvement of economic performance once inflation and the output gap
has been accounted for and they continue to believe that this is the case. Their
results confirm that both the output gap and the asset price should be included
in the information that the central bank uses.

The analysis by Cecchetti et al. (2002) still reiterates that monetary author-
ities should try to infer from information in financial markets as to what kind of
underlying disturbance is affecting the economy and that some useful informa-
tion can be obtained from asset price movements. They are not persuaded that
one should ignore asset price misalignments simply because they are difficult to
measure. Rather monetary authorities should try to use econometric methods
to extract the signal as this is common practice in the use of statistics in a policy

making environment.

The large literature on the link between asset prices and the macroeconomy,
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reviewed above, agrees that asset prices affect economic activity and the chan-
nels through which this is achieved is important but there is no consensus on
whether they should be included in monetary policy. A closer reflection of the
literature reveals that although there is general agreement that asset prices have
a role to play in monetary policy decisions the inability to distinguish whether
the asset price fluctuations are sending reliable inflationary signals makes it
difficult to include them into these decisions.

Therefore, given the difficulties in extracting a reliable inflationary signal,
it is important to identify the channels by which movements in asset prices are
transmitted through the economy and to determine the quantitative importance
of these effects. This paper takes a preliminary step towards quantifying the
importance of these effects in South Africa by trying to explain how house prices
react to shocks that are thought to drive economic fluctuations and the role they

might play in the monetary transmission mechanism. 4

3 Econometric Methodology

This paper exploits the fact that long-run propositions of economic theory can
be used to identify the main sources of economic fluctuations as suggested by
Blanchard and Quah (1989). In particular, the common trends methodology
used by King, Plosser, Stock and Watson (1991) (KPSW henceforth) and Warne

(1993) is followed to help disentangle permanent innovations from transitory

4Interestingly, whilst there exists little support for including stock prices as a predictor
of future consumer price inflation, there is evidence that house prices improve forecasts of
inflation even if it is by a small amount.
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fluctuations in a simple macroeconomic model.

The common trends methodology uses the fact that any equilibrium rela-
tionship among a set of nonstationary variables implies that their exists linear
combinations of the level series which ensure that the trends average out, i.e.,
the residuals obtained from the linear combination is stationary. This implies
that their time paths are influenced by their deviation from their long-run equi-
librium. Hence, the short-run dynamics must be influenced by the deviation
from the long-run relationship. The model that is commonly used to analyze
these short-term dynamics from equilibrium is the vector error-correction model
(VECM). Using this model King et al. (1991) and Warne (1993) show that a
distinction can be made between structural shocks that can have permanent

effects on the level of variables and those with temporary effects.

3.1 Vector Autoregressions and Common Trends

The following exposition follows Warne (1993) and Fischer, Fackler and Orden
(1995). A common trends model consists of a vector of trends and a vector
of stationary variables. KPSW show that there is a common duality between
the concept of cointegration and common trends. The cointegrating restrictions
determine the number of independent trends and how a vector of observed values
is related to all independent trends. In other words, if {z;} is a vector of time
series such that z; = +a:f where zf’ represents a vector of trends of z;, while
x7 is a stationary residual and if 3 is a cointegrating vector, then 8’z = 0 for

Bz, = f'z7 to be stationary. Since these restrictions do not in anyway identify
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what a certain trend is related to - e.g. a technology shock - it is necessary to
consider further identifying assumptions. Therefore, Section 3.1.1 will explain
the mathematical structure of common trends and cointegration while Section

3.1.2 describes how to identify common trend parameters.

3.1.1 Common Trends and Cointegration

To determine how we can estimate the model we assume that {z;} is generated

by the unrestricted vector autoregression (VAR) of order P:

FX,=FXi 14+ ...+ FpX,_ p+pnZy +uy (1)

where u; is a n x 1 vector of white noise and mutually orthogonal behavioural
shocks that drive the economy over time and Z; is a vector of deterministic
variables such as a constant and dummy variables. The F's and p's are unknown

coeflicients.

Given the structural model depicted by Equation (1), the reduced form

model] is:

Xi=A1Xea+ ...+ ApXi_p+uZ + e (2)

where &, = F~luy, A; = F7!F; and cov(e;) = X.

This model can be reparameterised as

AD. ¢ =7TXt_1+7T1AXt_2...+7TP_1AXt4P+1 +pZ + e (3)
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where A is the difference operator, 7 = (A1+As+...+ A —I) and 7; = —(Asy 1+
... + Ag). If the series are nonstationary and cointegrated this representation is
the VECM. The matrix 7 provides information about the long-run relationships
among the series. In particular, we have 0 < r = rank 7™ < n.

The major difference between Equation (2) and Equation (3) is that the
latter relationship is based on cointegration (7 = o’ where a is n x r matrix)
while the former is merely consistent with unit roots.

Using a moving average representation of Equation (3), the common trends
methodology separates the permanent and temporary shocks. The temporary
shocks are equal to the number of cointegrating relationships. The permanent
shocks are the common stochastic trends. The number of stochastic trends is
therefore equal to n — r, the number of variables less the number of cointegrat-
ing relationships. A detailed exposition of the common trends methodology is
provided in the next section.

To write and identify this as a common trends model it is necessary to rewrite

Equation (3) as a moving average representation:

A(L)AX;; :ﬂ'Xg._] +,LLZt+Et (4)

Warne (1993) shows that from the stochastic part of Equation (4), that it is

possible to get a vector moving average (VMA) representation:

AX, = C(L)e, (5)

16



This is obtained as follows. Define a transformation matrix:

and the matrices

D(L) =
0 (1- L),

and

(1= L)nyr O
D_L(L) =
0 I

this implies that D(L)D (L) = (1 — L)I,,.
Further, let o*= [0 . It can be verified® that a(8'X;) = a" (D (L)M X,).

nx(n—r) aan]

Now pre-multiply both sides of Equation (4) by M. This gives the following

result:

MA(L)AXg = M7TX1_1+M;LZg+1\/f61
= Moa(f'Xi_1)+ MuZ, + Me,

= Ma*(Dy(LYMX.1)+ MuZs + Me, (6)
Rewriting Equation (6) as:

MA(LYM™ID(L)D  (LYMX, — Ma*(DL(LYMX,—1) = MuZ + Me,

MA(LYM™'D(L) — a” L)X} MuZy + Me,

R(L)X? MupZ; + Me, (7)

where X;= D, (L)MX, and R(L) = M(A(LYM ™ 'D(L) — o" L). Rearranging

5See Warne (1993).
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Equation (7) in terms of X; yields:

X! = R(L)"*MpZ, + R(L) "' Me, (8)

Abstracting from the deterministic components and noting that AX, =

M~1D, (L)X} gives:

AX, = M 'D(LYR(L)™*Me, (9)

Therefore,

C(L)= M 'D(L)R(L)'M (10)

To develop the KPSW approach to identification it is necessary to obtain
a moving average representation for the stochastic component of AX;. The
important result here is that we have found a simple mathematical connection
to VMA representation. Hence, the restricted VAR (Equation (7)) is well suited
to estimating a common trends model. Therefore, the result of Equation (10)
is important as we move toward identifying permanent and transitory shocks.

Leaving the algebra aside for now, the basic idea is to use the fact that C(1)
has a reduced rank under the assumption of cointegration. Accordingly, only
k =n — r elements of C(1)e, result in (linearly) independent permanent effects

on X;. Further, subject to identification, a corresponding structural moving
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average representation is:

AXe=F 'uy + C1F w1 + CoF tuy o + C3F Yuy g + . = T(L)u,  (11)

where [g= F~'and I; = C;F~1(i = 1,2,...).

I'(1) measures the permanent effects on the levels of the variables in the
system of structural shocks. Engle and Granger (1987) have shown that the
columns of C(1) are orthogonal to the cointegrating vectors 3, so 8'C(1) = 0.
Thus, any basis for n-dimensional vectors can be divided into a space spanned

by the k = n — r linearly independent columns of C(1).

3.1.2 Identification of permanent and transitory shocks

From Equation (11) we can see that the relationships between the reduced-form

and structural parameters are:

c(1)

[
=
=
)
=
=

g = Fly (13)

To exactly identify the model, f—(—"zlll restrictions need to be imposed. KPSW

propose the following to identify the model:

1. Partition T'(1) such that I'(1) = [P|0}, where P is a n x k matrix with
columns that are orthogonal to the cointegrating vectors. This identifica-

tion restriction can be interpreted as there are & structural shocks, wg ¢
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with permanent effects given by the columns of P. Since there are r struc-
tural shocks that have only transitory effects this partitioning assumption
imposes kr identifying restrictions. Given this, partitioning F’ consistent

with T'(1), with its first k rows as F} and the last r rows as F,., we have

C(1) =T(1)F = PF, (14)

cNC(y = PP (15)

2. An additional k—(%_—lz restrictions need to be imposed. This is imposed by
assuming P to be lower triangular. This is because when &£ > 1, KPSW
propose that P be assumed to be lower triangular. The interpretation of
this structure is that there is one variable only affected by one structural
shock in the long-run, a second variable affected by at most two shocks
in the long-run, a third variable affected by at most three shocks in the

long-run and so on. Therefore the variables in X; need to be ordered

appropriately.

3. Choleski decomposition programs cannot be used to determine the struc-
tural parameters as C(1)2C(1)is not of full rank. Given that step two
of KPSW imposes a lower triangular structure on P, this problem can be
overcome by defining P = PO, where the coefficients of P are known a
priori as they are specified by economic theory and © is a k& x k lower

triangular matrix of parameters to be estimated.
4. To solve this, assume D is a (k x n) matrix that solves C(1) = PD such

20



that D = (Is’ﬁ)"lﬁ’C(l). In such a matrix D, PDe, = ﬁ@wk‘t and
DY.D’" = ©0©’. The lower triangular matrix of DXD’ yields the unknown

coefficients of ©. Use © to calculate P.

5. Given that C(1) = PF = ﬁ@Fk — PD we have that F,=071D. We
can therefore obtain the structural shocks u; with permanent effects by
premultiplying the reduced form residuals €; by Fi.The equations for the k

common trends are obtained by multiplying Equation (3) by Fj to obtain:

FAXy = FemiAXe_1+ ...+ Fkﬂp__lA,Xt#p_*] + szn*Zt + wy (16)

Thus in this methodology the the structurally identified shocks with per-

manent effects determine the common trends.

6. Once Fy is estimated, the dynamic impacts on X, of the structural shocks
with permanent effects can be computed from the first k columns of T'(L)
given by:

I(L) = C(L)[F'} = C(L)TF, (17)

where [F~!]x are the first & columns of F~!. The forecast-error variances
at various horizons due to shocks with permanent effects can also be com-
puted from Equation (17) and can be compared to the total forecast-error
variance (derived from the reduced-form) to determine the relative impor-

tance of these shocks over time.

7. Identification of the structural parameters associated with the shocks with
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only transitory effects can be derived from:

[0 ITJ = [Frsz FTEF;] (18)
rXn

We then identify F). by imposing a triangular structure on it.

4 The Data

4.1 Data Description

Following Icaviello (2000), a five dimensional VAR, X is specified to capture the
relationship between house prices and the macroeconomy. The vector X; = [y
mp hp i w| comprises of: 1) real income (y), where y is the natural logarithm of
seasonally adjusted real gross domestic product; 2) a measure of real balances
(mp), where mp is the natural logarithm of deflated M3 money balances; 3) an
index of real house prices (hp), where hp is the log of deflated house prices; 4) a
nominal interest rate (¢), where 7 is the 3 month treasury bill rate; and 5) infla-
tion (), where 7 is measured by the year-on-year change in the GDP deflator.®
The data on house prices in South Africa are from the residential house price

index calculated by ABSA Bank.” The remaining series were obtained from

the South African Reserve Bank Bulletin.® The sample period covers quarterly

data from 1971 to 2006.

6The change in the GDP deflator is a proxy for inflation measured using domestic prices
since it excludes imports. Since this paper analyses the impact of policy on domestic prices,
the inflation rate measured by the GDP deflator provides an accurate measure.

TSee ABSA (2005).

8See South African Reserve Bank Quarterly Bulletin (2006).
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nuderlving boon is 8 symplom of these underlyivg iransformations in the econ-
oury, ''berefore, it b= imporlanl Lo establish whal are 1the main factors driving

house: prices over the period and the relevant inportanee of these factors M

AN ag

R (WL T e e—— iRl smed b the 302 peflem 1z

Fipure 4 House Price lollalion snd [oflalion measured by G deflator

4.2 Univariale Characleristies ol Lhe Dala

To corruedly spocify (he model, we need to lest Jor slationarily and determine
Lhe mumber of colntegraling relstiouships. The sugmented Hekoy-Falloy test
with fonir lags was used to determine stationacity. The test indicates thaet sll the
variables are inlcgraled of order one excepl {for Lthe inflation mte. However, tho
plot of inflation reveals that although inflation has o constand mesn ihe varianee

s noncanstant, indicating that inflstion s a0 101) variable,

W In Section & we wili try and distinguish the mais driving forees Lehing houss prrive i
tuetione over the zumple period ueing the comson trends methadolopy.
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Furthermore, closer spection of the macroecanomic data indicates & pesd
for three dumoy variables, 'FPle first s in 1985 for the Rubicon speech, the
secand aftor the Russian currency orizis and uhe last in 2008 i= to sccount for

the sudden Band deprecistion,

Warighles ADF Statistic
incems Wl = o34 '.
F=al Money Susey imp) 120
ezl dpuss Fricz Index (hg! -173
o Heming| Interest Rates 4 +2E3
Infat on in) ; =3.7]

Critipal walas -2 2858
Tuble 2: ADF Test Stalistics

5 Empirical Evidence

5.1 Hypothesis abont. enintegration

Follpwing feaviclle [2000], we consider lhe relstionship between real house
prices, real oulpot, mtercst tates and renl money balances, Wo expect to find
three equilibridm relationships betwoeen these variables, The first cointegrating
relatinnshin wo expect to find is botween money, oulpul and inlerest rates, the
sccond bs the longrun housing supply curve, defining the relalionship belween
house prices and outpat, sod the last is the Fischor oquation which deseribes

the fink belwoon the imeresl rale and the inflation rate

i, Money, Output and Inleresl rales: According 1o Gali (1992] the de-

sire of manetary anthorities to stabilize oulput oflen results in volatility




in nominal variables. The pursuit of central banks to reduce output fluc-
tuations may then lead to a common trend between output, money and
interest rates. The relationship between these three variables may alter-
natively be interpreted as a traditional money demand function linking
real money balances (mp) to a scale variable (y) and a measure of the

opportunity cost of maintaining liquidity (i).!!

2. Real House Prices and Output: One can expect to find a cointegrat-
ing relationship between house prices and GDP. This is because factors
such as land, cement or construction workers are available in a fixed sup-
ply and these determine real estate supply. Therefore, the production
possibilities frontier between housing and other goods is not flat. This im-
plies a possible upward trend in house prices over the long-run.'? Given
that GDP is a measure of how much the production possibilities curve is
shifting outward, Icaviello (2000) states that the cointegrating relationship
between house prices and GDP can be thought of as a long-run supply
curve for the housing stock. The coefficient attached to real house prices

measures the elasticity of real house prices to output.

3. Interest Rates and Inflation: According to the Fischer equation there

115¢e Coenen and Vega (1999). However, as Icaviello (2000), notes caution must be exer-
cised when interpreting this relation as a money demand function for the following reasons:
emerging market countries are highly influenced by the global economy, with investment and
interest rates responding to changes in risk perceptions held by investors; there could be alter-
native cointegrating vectors in a similar system. For example, an aggregate demand relation
might exist between output and interest rates; measures of money are aggregates of different
components with different characteristics; structural and definitional breaks cannot be disre-
garded; and/or the frequency of observation may affect both exogeneity and cointegration.

12Gee Poterba (1984).
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is reason to believe that real interest rates are stationary. In particular
the nominal variables are linked by the following equation i, = p+ 7 + ¢,

where y is a constant and & is a stochastic variable that is #id.!®

Given these hypotheses, we would expect three cointegrating vectors, r = 3,
which incorporates the money demand function, the relationship between output

and house prices and the modified Fischer equation. Therefore the 5" matrix is

given by:

5.2 The Johansen Technique

To estimate the common trends model we first need to test for the number
of cointegrating vectors between house prices and the other macroeconomic
variables. This section draws on the Johansen Estimation Technique,'* which
is based on estimating a Vector Error Correction Mechanism (VECM). The
discussion of this methodology will be brief as this technique is well established.

In the VECM framework, for which, in the case of a set of n variables, we
may have cointegrating relationships denoted r, such that 0 < r <n — 1. This

gives us a n dimensional VAR:

Zp = Amzt_l + ..+ Amzt*m + 6+ Ut (19)

3 Fedderke and Pillay (2007) suggest that the Fischer equation for South Africa should be
modified to include a measure of risk or uncertainty.
118ee Johansen (1991) and Johansen and Juselius (1990).
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where m denotes the lag length, § a set of deterministic components and v a

Gaussian error term.

Re-parameterization provides the VECM specification:

k—1
Az = ZFiAZt~i + Mz_gyy + d+ vy (20)

i=1

The existence of r cointegrating relationships amounts to the hypothesis

that:

Hy(r): I =af (21)

where IT is n x n, and «, 8 are n x r matrices of full rank. H;(r) is thus the
hypothesis of reduced rank of TI. Where r > 1, issues of identification arise
which requires the use of economic restrictions on the loading matrix (a) - the

matrix representing the short run dynamics,- ' and/or the cointegrating space,

ﬂ.IS

5.3 Johansen maximal and trace eigenvalue statistics

We first test for the number of possible relationships in the model by establishing
the number of cointegrating vectors. Table 3 reveals the Johansen maximal
eigenvalue and trace test statistics for the model. Both the maximal eigenvalue
statistic and the trace test statistic indicates the existence of three equilibrium

relationships. This is in line with theoretical expectations.

158ee Pesaran and Shin (1995a,b), Pesaran, Shin and Smith (1996), Johansen and Juselius
(1990) and Wickens (1996).
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, Eigenvalue 9584 critical Trace 9585 critical
Null Alternative o L
statistics value statistic value
r=0 r=1 2383 3384 13944 T49
rel r=2 39.05 2742 gn.r8 <228
re2 r=3 29,19 211z 3172 3124
re3 r=d 11643 1428 12,53 1786

Table 3: Johansen trace and maximal eigenvalue statistic

5.4 Johansen VECM Estimation Results

Table 4 shows three estimated cointegrated vectors with three over-identifying
restrictions. The three cointegrating vectors can be interpreted as a money

demand schedule, long-run housing supply curve and the Fischer equation.

Cointegrating Vectors
*ieney Derand Schedule myp = 0,846y - D004
Leng-run Heousing Supply Curve ho = 0034y
Figcher Zguation i=7

Table 4: Cointegrating vectors

These results confirm our hypotheses in Section 5.1. A one percent increase
in real income results in a 0.946 percent increase in real money demand while
a one percentage point increase in the interest rate results in a 0.004 percent
decline in real money balances.!® It is interesting to note that it seems that
money demand is not highly responsive to interest rates. House prices increase
by 0.034 percent for a one percent increase in output. The Fischer equation also

holds.

16The high coefficient on income is expected as wealth variables are omitted.
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5.5 Impulse Response Analysis
5.5.1 Identifying the structural shocks

Permanent Shocks Given the hypothesis concerning the cointegrating vec-
tors, the long-run multipliers of the permanent shocks can be identified accord-
ing to the common trends methodology. Since there are five variables and three
cointegrating vectors we can expect to find two common trends (permanent
shocks). Therefore, the common trends matrix, P, has a dimension of 5 x 2.

Recall from Section 3.1.2 that one technical difficulty with estimating the
structural parameters of P is that even when P is lower triangular, standard
Choleski decomposition programs cannot be used to determine the structural
parameters as C(1)QC(1)’ is not of full rank. To overcome this problem KPSW
suggest that we can define P = PO, where the columns of P are known a priori
and O is a k x k lower triangular matrix of parameters to be estimated.!’

This a priori identification of permanent shocks can be achieved by imposing
just enough restrictions so that their long-run effect has a meaningful economic
interpretation and its columns are orthogonal to the cointegrating matrix S,
ie., 6'ﬁ = 0. The identification, on the basis of economic theory, describes
the effects of a permanent supply shock and a permanent nominal shock on the
economy.

Economic theory states that a permanent supply shock will affect real out-

put, real money balances, real house prices and the inflation and nominal interest

17Recall from Section 3.1.2 that the econometric identification of the different shocks requires
that © is a lower triangular matrix of parameters.
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rates in the long run.'® This supply shock may be attributed to a productivity
increase in the economy. In contrast, a permanent nominal shock is likely to
decrease real money balances whilst leaving real house prices and output un-
changed. One interpretation of this shock is that there is a permanent change

in the monetary policy objective of the monetary authority.!?
The theoretical expectations of supply shocks and nominal shocks on the

economy allow the following restrictions to be imposed on the P matrix:

- - - - q
"1 0 1 0 long-run effect of shock on y
by, —b; by — b0 —b; long-run effect of shock on mp
~ 1 0
P=PO=|, 0 = T 0 | = [ long-run effect of shock on hp
g 1
0 1 4 1 long-run effect of shock on ¢
0 1 ] 6 1 long-run effect of shock on o

Given these restrictions the first column and second column of P represents
a permanent supply shock and a nominal shock, respectively. From the above
identification scheme, a permanent supply shock increases output, real balances
and house prices in the long-run with parameters dictated by the estimated
cointegrating relationship. Since O is restricted to a lower triangular diagonal
matrix,?’ this shock can also change inflation and nominal interest rates in the
long-run. The second column, which represents a permanent nominal shock,
leaves real output and real house prices unchanged, yielding a lower level of
real balances and higher inflation and interest rates in the long-run. Given our

hypothesis about cointegration and the variables ordered as [y mp hp @ 7], it

1853ee Kydland and Prescott (1982), Christiano and Eichenbaum (1992) and Gali (1999).

19Sce Coenen and Vega (1999).
20For reasons as to why this is done see Section 3.1.2 and Warne (1993).
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can be easily seen that 5'ﬁ = 0, fulfilling the requirement that the columns of

the identification matrix are orthogonal to the cointegrating vector.

Temporary Shocks The common trends methodology assumes that transi-
tory shocks are orthogonal to permanent shocks and will have no long-run effect
on any of the variables. Following Englund, Vredin and Warne (1992), we iden-
tify the shocks in a recursive fashion and give an interpretation along the lines
of the conventional VAR methodology. Following Icaviello (2000), this paper
defines three separate sources of short-run variation.

The first shock is a monetary policy shock which does not have a contem-
poraneous effect on inflation and output but can immediately affect real money
balances, interest rates and real house prices. The second shock is a demand
shock. Gali (1992) identifies the demand shock by the fact that it does not
have a contemporaneous effect on inflation. It contemporaneously affects GDP
by affecting its spending components as well as house prices, real money bal-
ances, and interest rates, Icaviello (2000) states that this shock is most likely
attributed to sudden increase in demand fuelled by self-fulfilling expectations
of the appreciation in house prices. The last shock is an ¢nflation shock which
contemporaneously affects all variables. As Icaviello (2000) notes, this shock

could be explained by some of the following:
e a temporary upward shift in the aggregate demand,;
e a temporary negative supply shock;

e an exchange rate shock, that raises the prices of imported goods;
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e an increase in world commodity price such as oil; and/or

e imported inflation following devaluation of the domestic currency.

Given this identification scheme, the outcomes of both permanent and tem-

porary shocks are explained in the section that follows.

5.5.2 Impulse Responses

This section examines whether the identification scheme illustrated above leads
to plausible estimations of the shocks. Specifically, we answer the following

questions:

1. How does output, money balances, house prices, the interest rate and the

inflation rate respond to permanent and transitory shocks?

2. What is the possible transmission mechanism for the respective shocks?

and

3. To what extend does monetary policy affect real house prices?

Permanent Shocks

Supply shock: Figure 3 portrays the response of output, money balances,
house prices, inflation and the interest rate to a one standard deviation shock
to aggregate supply. Based on the specification of the cointegration vectors
and on the matrix of common trends, this shock has been identified under the

assumption that it increases real output and leads to an increase in real house
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prices in Lhe long-run”!

wilh proporlions diclaied by the elasticity of house
prices with respect, to output - given by the cocflicient 7.

Fipure 3 illusirales the initial effecl on outout is posilive rising by (.03 per-
condage points it the inpact porviod, graduslly inercssing and stabiliving lour
yeurs later, having incressed by approximately 3.14 percenlage points*% In ac-
cordance with a slhuple aggrepale demand  aggregate supply model. consuymer
prices drap in the initial pertods belors: vising 1o a higher level vs demand in-
crenses. Iligher prices and increased meney supply satisfy money demand and
interest ratos hardly deviate Dow s pre-shock level, As inflalion remains above
the baseline the interest rale rises slowly satisfying the Fischer cquation in the
lomg-run. MNote that inflation stabilises fastoer than interest cates and Lot infla-
tion and mlerest rales have a negligible impact in Lhe fng-ran.

Unlike France, Gerwany, Haly, Spain, Sweden and the UK house prices in
Souch Africa do nol inilially drop before increasing to ils higher stoady state
level ** It overshoots its equilibrinm value before gradually adjusting toward its
higher steady Atate velue, This belewiour i in line with poecfocl cepital war-
kets and is not. implausible giver that Sontl Africs hew o cxtremely developed
financial scctor with a high level of financial despening® 'Vhe supply shock

penerslos an incresse o real money balances iogelher with real effects on owver-

all economic activity as cortain prices and wapges ace sticky and do not adjust

*L5inen the offecs oo real money balapcas can hie posicive or segative depending on the
relaitve impact of che nominal intereel rate and real cutputl oo real money balasces, anly
houee pricasd and ovcput are uaed to ideatify Lhs sho k.

2280n Tahls &,

A gag Jaaviallo {EI:I-:]-:]) for a disnussion an the impach ul sopply shocks jo Fraoen, NMaly, Spaio,
Hwede ) amd tha K,

MGen Kularaine {2002),
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prov rata. Goodhart and Hofmann (K80 state that the combination of sticky

prices and Qexille ausel prices conld lead Lo overshooting
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Figure 3 The impact ol & permanent supply shock

2 L Supply [ Nominzd
il shock Shock
A7) Bis 3
mp - 047
hyp L 0
i 0,04 ik o
T 0.0 __;l__ 4

Talsle 5 Long ran trupact of permanent shocls

Maminal ghocle: Tahle b reveals o peemanent nomeanal innosstion ratses
Lot inflation snd nominal interest rates by 117 percentage points in the lopge-
run. 'I'his ineplies that the real interest mate remains nnchanged as stipulated by

the Fischer equation.”® 'I'he rise in the inllalion rato reduces real money balanos

i Towever, Vhey de pale Lhe empirival svidenee oo overshooting esseir pricea iz hard to
uncover in practice and therefore sparas in the available UPtersture. This ia lscanae nost
siudies foous on developed eronomiss with relatively Hexible prices and wagsi,

26 |} oo the large standard erzara oo this shock ic 8 inadyiaabde toplacs oo e o phiais
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by (h47 percentaze points. Real output in the economy remsins wnchanged
inplying that the rise in the price level = exactly watched by an inerease in
nemingl eutput. Thercfore, the fall in real money bakinees s responding o s
rise in the nominal inferest rate only since eeal outpit remains unebangoed.

Tubile 5 revesls that veal honse prices are unaffected in the long ruu due 1o
a permanent nomins] shock, Howover, Fipure 4 porteays hovse priccs initially
mcTense sggesting that honwses are vsed as a hedge agaivst wllalion. As 1he
inberest rate and the mflation rate stakbdlize at theie long run levels, real house
prices return to thoic orizginal level sinee real inlerest rales and real oolpul
remain unchanged,

Fhne cven thowgh the nominal shocle s permanent,, il has no effect on Lhe
renl economy bul ib is boporlent to nole thet % tekes a loup tiwe for house
prives 1o stubilise cven after the infiation rate and intorcst rate has stabilised.
While the increase in (Le interest rate in response to o cisiug infletion rate iy
sugpestive of an anti-inflationary policy from the monctary asthovity, it does

nol seert 1o have s sipgnifleant mpact on the housing magket,

Temporary Shocks

Monelary shock: Figure 5 displays Lhe response of Lhe vanables e o pos-
ibive oue standard deviation shock to the monetary ageregate. A monetary
policy shock immediately places npward pressure on Lhe nominal inleresl rale,

‘T'he inilial rise iu the real interesi rate coulracls demand in the coonomy, This s

zn this sheck, IMewever, Lha Tvawiclla (20007 study o six Buropean veaeleiss slso lnds Jarus
ataiclavel ervovs fa Sweden, taly and Germany.
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Figure 4: 'U'he impact of a permanent. nominal shiock

reflected hy falling real house prices and real outpute 'Che fuflation rate iitially
devlives wilh Lhe rise in the nominal intercal cade. The declining nowdnal inter-
est rate then Ineresses Lhe inflalion rate temporarily. As the nominal interoesi

rale veduris Lo ity pre-monclacy shook devel, so loo does the inllslion rate,
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Figure 5 "The inpacl of & tewporary monelary shock

Congidering 1he response of both hose prices and the inflation rale oo
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monetary shock, lcaviello’s (2000) analysis of six European countries finds that
the short-run response in house prices is much more pronounced. The paper also
asserts that house price inflation is more sensitive than consumer price inflation.
In South Africa. both house prices and the inflation rate decrease, with house
prices declining gradually and returning to equilibrium slowly., The maximum
reduction in house prices is three times as large as the maximum decline in the
inflation rate and the trough occurs much earlier in consumer price inflation.
This may indicate that general prices are more flexible than house prices to a
monetary innovation in the short-run, although house prices take a longer time
to stabilise. The movement of house prices is similar to that of output except
the former is much more respousive to a monetary shock.

The evidence here shows that the timing of the response in real house prices
occurs contemporaneously with output and the adjustment in house prices take
several years with house prices falling in real terms before reverting to the
baseline. House price adjustments are also similar to money supply and interest
rate dynamics.

The observed dynamics in house prices following a monetary shock does not
seem to fit with the standard monetarist model nor the “credit channel” view of
the housing market. Recall that the standard monetarist. model predicts that
there should be a jump in asset prices followed by a smooth adjustment of the
asset price toward equilibrium. On the other hand, the “credit channel” models
of Bernanke and Gertler (1995) and Kiyotaki and Moore (1997) converge on the

general idea that with depressed asset prices, consumption and investment might
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also suffer. These cffects then reinforce each other due to financial frictions in the
economy. However, in South Africa, despite the large response in house prices,
the response in output is not very strong. Overall this scems to suggest that
although house price volatility is high in South Africa, house price movements
do not play a hinportant role in the transmission mechanism.

Demand shock: Figure 6 illustrates the impact of a temporary demand
shock that result in short-term output effects with consumer prices fixed in the
impact period. Following Gerlach and Smets (1995), it is possible to label this
disturbance a transitory demand shock as it elicits positive output and price
responses. The increase in the nominal intcrest rate curbs inflation and output
declines steadily. However, real interest rates remain positive for a long time
causing a decline in house prices. The effect on real house prices only starts
to die down as the Fischer equation begins to hold again. Since the nominal
interest rate and real house prices experience a long adjustment period unlike
the other macroeconomic variables, this indicates that real house prices are
largely influenced by interest rates. Moreover, as output and house prices do
not move in the same direction, the results do not lend support to the “credit,
channel” view of the transmission mechanism. The implication of this result
is that the demand shock does not translate into exuberant investor sentiment

that affects the wider economy.

Inflation shock: Figure 7 displays the impact of a temporary inflation

shock. This inflation shock is driven by a decline in the nominal interest rate.
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Figure 6: 'The jmpact of o lemporary densed shock

This shock leads to an initial fall in real entpul, real money balances and reasl

house prices with a vise in the priec level. As the nowminal interest rato returens

to iis preshock levels, the inflation rate declines and real ontpul, real house

prices and real money balauves increase Lo Lheir original level
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Figure 7: The impuct of s temporary inllation shock
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5.6  Variance Decomnposition

The previens soction examined the dynamic offects of supply, nowinsl, demead,
mronetary and inllation shocks on honse prices, 1'his section aims to investipnoe
in what proportion these different inacwtions contribnte to the volstility of
L priccs amd cutgost. This provides an dication of the dosree of inlloence
each mseroeronune shock has on real house prices and real outpmt at ditforent
time horizons,

Fionees & woel 9 plet the eighl voar forcesst orvor varianee for outpnt and
homze prices, respeclively. 1t = imporlsnt to keep in mind that the sssumptions
macle in the identification of the permanent shocks fmply (by constraction) thal
thie perranent shocks will dominste Lhe transilory shocks as the lorecast harizon
prows [arecr,

fn the short run, Figuee 8 shows thatl Lhe dersod shock explaing most of
the initial variation in real oulput. Initially, 71 percent of che vueistion io
resl oulput s explained b‘lr Ul demyaned shock. This then [sbls o 2 percent
it spprocimalely three yesrs, The Figure illustrates that the other temperary
shocks have aeelipgible clects on ontpet, Owverall, sapply shoeks snd elemned
shocks cxplain most of the variation o onlpual as expected. However, in the
long mua, supply shovks: coontribmle approximatety T percent of the variation n
real cutpat.

Unlilke real entput, Figure 9 illostrales Lhat most of the initinl varianee of
ril honse prices ts actually deiven by o inflation shoelk. Tn the fivst vear, short

ren inllstionary pressnces osplain ol lesst 73% of the vorialion, Owver Lie
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demand shocks sevrs Lo cxplain o lorge proportion of Che variation, However,
ever Lime both these shocks ave persistent despite hqin,g_r;_[:}bnlla'l a5 Lnmporary
shocks. 'I'his 1= likely due to the Laet thal it takes o long time for vhe Fischer
cyustion to Lold again, Thetelore, nolike teal out put it seems that house prices

are more resporsive Lo interest rale movements and temparary shacks,
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Figure 9: Forceast vatianes decamposition of roal homse prices

6 Conchision

The increased volalility of assel prices in bolh developing and developed econcmies

seens o be a srowing concern for economic policy makers, Whilst Lhere 15 a
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uroiwing Hierat e investigating the link between monetary policy and its impli-
colions for assel price volalility, there remains uncertainty regurding e cvorull
efferts of these factors on long-term asset prices, The contrilnition of Lhis pa-
pet s to Lake o preliminary step loward idenlilyving how house prices respond
to macroeconomic shoels and the relative lnportanes of tluse waaoceonomie
shocks.

The paper has shown Lhat the dynamics of house prices can b analysed in
a fransition economy using a tractable VAR fraoesworl, The mede] s deiven
by [ive exogenous disturbances and the identification seleme vields plansible
tesults botween money, outpis aml inflation. The empirical resulls suggesl that
the housing market, belaviour is in line with the theoretieal expectatinns of asset
price hehaviour in an environment of teladively perfect capital markets, Tarl ber,
house prices are found not to p@.- a large role in the travsmission mechanism &5
they are peithor consistent with the standard monctarist wedel nor the “eredi
chante” view. [todoes however show that sdverse monetary shocks do have o
sirnificsnt negaﬁ-ve impacl on honse prices and the timing of the response of
hestse prices metches outpot, However, short-run house price Huctnations are
largely explained by inflation and demand shoeks.

Howe cantion needs to be exereised when ierproting these shorl-ron flue-
tuaticns given the lenglly adjustmerd period for some termpporary shocks Lo
dizstpate, This s wost likely satiriboted o dhe Fischer equation. 1L seems that
hendlal inketest rates rowain bigher tlan its pre-shock level even thaueh influ-

Lin bes been reiened in, This may be an indication that risk should be included
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as it plavs a role in determining nominal uterest rates and mayv also be a sig-
nificant factor influencing house prices in South Africa. especially during the
1980°s. It might also be one of the reasons behind the large standard errors in
the nominal shock. Therefore. further research should investigate the possibility
of including a risk measure in the model.

Further. this paper gives the average response of house prices to a series of
shiocks over the period 1971 to 2006 and although over the period it scems that
on average house prices do not play a large role in the transmission mechanism,
this may not be the case in the future. The data also indicates that although
house prices have been volatile over the entire period. peaks in house prices and
output occur contemporaneously for most of the sample.

However, since the adoption of inflation targeting, peaks in house prices
occur hefore peaks in output. Therefore, given the number of political and
economic changes within the South African economy. house prices may respond
differently to these shocks depending on the time period. This indicates the
possibility of monetary regime shifts in the sample. A possible extension of the
dissertation is to allow for regime shifts over the sample period.  Using the
moving average component of the shocks or Markov Switching modelling, one
may capture changes in the monetary environment over different regimes thus
allowing us to analyse the responsiveness of house prices to different shocks. This
provides a clearcr understanding of factors influencing house price movements
over certain periods and the role (if any) that asset prices - sucl as housing -

wight play in the monetary transimission mechanism in South Africa.
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