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Abstract

This paper develops and estimates an open economy dynamic stochastic
general equilibrium model of South Africa. We devote special attention to
the impact of stock price wealth effects on output and the interest rate. For
this reason we adopt a perpetual youth approach, which allows for a limited
decision horizon. We estimate the model using Bayesian techniques and
find that (i) about 9 percent of the volatility in production can be explained by
financial shocks, and (ii) the SARB does not and should not react on stock
price disturbances. Moreover, stock prices seem to be unaffected by shocks
from the real economy.
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1 Introduction

Though there exists a vast and comprehensive literature on South African busi-
ness cycles (see Burger (2010) for a detailed literature review), only a few studies
relate real economic activity with stock prices dynamics. Notable exceptions are
Moolman (2004), Moolman and Jordaan (2005), Odhiambo (2010), Bonga-Bonga
(2011, 2012), and Muroyiwa (2011). All these studies rely on variations of vector
autoregressive (VAR) or vector error-correction (VEC) frameworks, which are pri-
marily a-theoretical in nature. These type of models involve only a few variables
and therefore tend to be misspecified. As a consequence, the results from these
studies could be biased and probably differ from the true magnitude of stock price
wealth effects on output. Further, these approaches are a-theoretical and non-
structural, and hence suffer from the Lucas (1976) critique.’

The lack of studies analysing the impact of stock prices on the South African
business cycle through the use of an estimated theoretical framework is quite
baffling. Financial wealth accounts for 49.95 percent of household’s total assets
and 61.59 percent of households net worth (see Aye et al. (forthcoming)). Using
a theoretical framework could help understanding the wealth channel, quantify
its importance, and might also provide recommendations for policy-makers. Our
study tries to shed light on this channel, which seems to be accountable for a
South African recession for over 9 months covering the last quarter of 2008 till the
second quarter of 2009. The objective is to evaluate the impact of stock market
spillovers on the South African business cycle using a small-open economy new
Keynesian dynamic stochastic general equilibrium model (SOE-NKDSGE).

Studying the effect of wealth on consumption dynamics has a long history in
economics. While most textbook IS-LM type models ignore this effect and pos-
tulate consumption to depend solely on disposable income, extensions like for
example the Blinder and Solow (1973) model include personal wealth, which
can be accumulated by buying government bonds or holding money. However,
modern business cycle models are based on infinitely living utility maximizers
with rational expectations. These so-called Ricardians smooth their consumption
path according to an Euler equation. Given their subjective discount factor, which
represents their personal degree of patience, consumption dynamics depend on
nothing but the opportunity cost of consumption: the interest rate. Wealth effects
are excluded by assumption, since the infinite time horizon eliminates temporary
ups and downs in personal wealth on average. In contrast, the recently devel-
oped perpetual youth approach with a limited decision horizon allows temporary
increases in stock price wealth to affect consumption.

Studying the effect of stock price dynamics on the business cycle could also

Studies with a focus on broader wealth effects upon consumption (housing, oil, etc.) are,
for example, Das et al. (2011), Aron and Muellbauer (2013), Aye et al. (2013, forthcoming) and
Apergis et al. (2014). All these studies indicate that stock prices have significant spillover effects
on consumption.



2. The DSGE Framework 2

offer important information for central banks. Besides the fact that stock mar-
ket spillovers could be inflationary if they significantly affect aggregate demand
through consumption, the recent financial crisis has rekindled the debate on
whether central banks should conduct monetary policy in a more active man-
ner to prevent the development of bubbles that can be costly in terms of future
output and financial stability (André et al. (2012)). To the best of our knowledge,
there are only three papers, that investigate the behaviour of the interest rate in
response to stock price movements in South Africa, namely that of Bonga-Bonga
(2011), Muroyiwa (2011) and Aye et al. (forthcoming). These studies suggest
that the South African Reserve Bank (SARB) responds significantly to stock price
movements.? While our Bayesian estimates below suggest, that financial shocks
explain up to 9 percent of the volatility in production, we do not find a significant
reaction of the SARB on stock price misalignments. Moreover, we find that a
strong reaction of the monetary authority would have increased the business cy-
cle volatility, since a dampening effect on stock prices can only be achieved at
very high cost in terms of lower real activity and higher unemployment.

The reminder of the paper is organized as follows: Section 2 develops a per-
petual youth DSGE model, which will be estimated and analysed in section 3.
The final section concludes.

2 The DSGE Framework

Our framework is mainly based on the work of Nistico (2012) and Castelnuovo
and Nistico (2010) on wealth effects in the US and the seminal work of Gali and
Monacelli (2005) on small open economy models. A similar combination can be
found in Funke et al. (2011), who find substantial stock price wealth effects for
Hong Kong. In order to capture the influence of stock prices on consumption, the
conventional open economy DSGE framework is reformulated so that the Euler
equation for consumption accounts for stock price dynamics.

The economy is inhabited by households and firms. Each household is spe-
cialised in one specific type of labour [ € [0, 1], is endowed with some monopoly
power, and chooses the wage at which it is willing to work in a staggered man-
ner. Each cohort j spans the entire continuum of labour varieties. Firms face
the conventional New Keynesian optimization problems based on a competitive
goods market (drawn from Dixit and Stiglitz (1977)) and sticky price set-up (drawn
from Calvo (1983)).2 In a two-stage production, final goods producers use differ-
entiated goods k£ € [0, 1] from the continuum of intermediate goods producers
(wholesale sector) as input. Final goods producers are assumed to produce

2According to Pariés and Notarpietro (2008) and Finocchiaro and Heideken (2013) these non-
microfounded studies are likely to produce biased and dispersed estimates.

SWe follow the empirical literature and allow for additional backward-looking elements by as-
suming that a fraction of backward-looking price-setters exists.
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competitively using a CES technology, consisting of a continuum of nontraded
intermediate goods.

We further assume that intermediate firms issue equity shares. Consequently,
households can hold two types of financial assets: state-contingent bonds and
equity shares of intermediate firms. Since bonds are traded internationally, nomi-
nal gross returns on internationally tradable state-contingent bonds are equalized
across countries (international risk-sharing), and the Uncovered Interest Parity
(UIP) holds. Furthermore, the Law of One Price (LOOP) holds at the brand level,
implying Purchasing Power Parity (PPP) at any point in time.

As we define the domestic economy as one among a continuum of infinites-
imally small economies, it is of negligible size relative to the rest of the world.
Since we focus on the interaction of one economy with the rest of the world, we
call this the domestic country and do not use an i-index for variables from this
country. Instead, variables with an index i € [0, 1] refer to one economy i among
the continuum making up the rest of the world. The superscript x here refers to
all foreign countries (the rest of the world as a whole).

In what follows, we describe the microfoundations of foreign countries only
where we see necessary. Otherwise, the foreign country counterparts of domestic
equations can be derived in a straightforward manner. If not explicitly mentioned,
price indices are measured in domestic currency units. For the sake of readabil-
ity, we focus on those the modifications of a standard SOE-NKDSGE needed to
allow for stock price wealth effects. Therefore, the optimization problems of do-
mestic firms in the retail and wholesale sectors, the intratemporal allocation and
the optimal wage setting scheme, as well as the risk-sharing of households via
the trading of bonds on complete security markets are derived in the appendix.

2.1 Households Optimal Intertemporal Allocation

Following Blanchard (1985), each economy consists of an indefinite number of
cohorts facing a constant probability ¢ of dying each period. The implied expected
lifetime of 1/£ can be interpreted as the effective decision horizon of consumers.
As in conventional DSGE models, households demand consumption goods and
supply labor. Each cohort j is allowed to buy two types of financial assets. The
first type are domestic and foreign state-contingent bonds, which holdings of a
cohort j, specialised in labour type [, are denoted by B, (j,1) for domestic bonds
and B (j,1) for bonds from country i. The second type are equity shares of
domestic intermediate firms (denoted by a subscript k), for which nominal prices
are given by Q; (k).*

4We exclude the possibility of cohort members buying foreign shares. Since stock markets all
over the world are highly correlated, introducing a foreign stock market into this study would likely
add little insight at probably high costs in terms of modelling and estimation. In addition, our focus
lies clearly on the impact of the domestic stock market dynamics.
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Before describing the decision problems of households, we briefly clarify our
notation. Z, (k, j,1) is defined as the equity shares of a firm & held by the cohort
j of labour type . The corresponding nominal composite dividend yield is given
by D, (k). Following this notation, the nominal financial wealth of a domestic
individual of cohort j is given by

L—¢ | + [y (@i (k) + Dy (k) Zy (k. j. 1) dk |

where &/ is the nominal bilateral exchange rate (defined as the domestic price of
country i’s currency). Following (1), financial wealth includes bond holdings and
the pay-off on the portfolio of equity shares (dividends plus market value). Since
financial wealth also pays off the gross return on the insurance contract, redis-
tributing among surviving consumers, total personal financial wealth is accrued
by %¢.°

A domestic representative household of cohort j and labour type [ seeks to
maximize his additively separable utility conditional on survival,

Ey

> B (1= &) Wilog Cy (4,1) +log (1 — N, (4, l))]] ,
t=0
subject to a sequence of dynamic budget constraints (in real terms)

. 1 . L . .
Cy (]7 l) + FEt {Ft,t+1Bt+1 (]7 l)} + / FtEt {Ft7t+1Bt+1 (J> l)} di
t 0 t

Wi(l) . , @ (5,0)
Pt Nt(]7l) T;f(jvl>+ Pt 9

1
b [ Qe Zews b b = @
tJo
where C; (4,1), N; (4,1), W, (I) and P, represent consumption, labour supply, the
wage rate and the consumption price index (CPl), respectively, F} ., is the rele-
vant discount factor for state-contingent claims, 7; are real government transfers,
and 3 is the discount factor of the representative agent.® We also add a prefer-
ence shock V; = exp (1), reflecting shifts in the marginal utility of consumption.
Domestic human wealth is defined as discounted stream of expected non-
tradable income conditional on survival:

B = B R -0 (TN G0 - TG0 )} @)

t

In equilibrium, the necessary first-order conditions associated with this utility max-

5See Blanchard (1985) for details.

6Many empirical papers allow for consumption habits to capture the persistence in consump-
tion dynamics. Since the estimated habits, included in an early version of this paper, were small
and only had a minor influence on our estimates, we decided to reformulate the model without
habits. A draft of the extended model is available upon request.
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imization problem may be stated as (2) and

Fren = Bl Kpil) (Cil(j(',]f)l))} = (Bfni), “
Qi (k) = Ei{Fis1[Qu1 (k) + Dega (K)]} (5)

As in conventional DSGE models, (4) is the well-known consumption Euler equa-
tion, describing the optimal intertemporal consumption pattern (the equilibrium
stochastic discount factor for one-period ahead nominal payoffs equals the time-
discounted stochastic growth in the marginal utility of consumption). In addition,
(5) is the optimal inter-temporal decision concerning the holdings of equity shares
and equates the nominal price of a portfolio to its nominal expected payoff one
period ahead, discounted by F;.,,. This equation represents a stock price Euler
equation and describes its dynamic pattern.’

By combining the Euler equation with a No-Ponzi-Game condition and the def-
inition of human wealth, we can derive consumption as linear function of financial
and human wealth:

CG) =5 (Ql(j )4 h, (j,w) , 6)

where %, = E, {z;ﬁo B (1 =€) exp (ean —l/t)} is the reciprocal of the time-varying
propensity to consume out of financial and human wealth.

Aggregation Across Cohorts and Labour-types After aggregating across co-
horts and labour-types, the intratemporal conditions are given by

P\ 7 Pr,\ 7 AN
Chy=(1—«a) ( HJ) Ct,Cpt = (%) Ct,Ciy = ( ’t> Cry,

P :

and

w

Ci=[(1-a)% (Cu) = +a% (Cr) = |7

Since all equilibrium conditions are linear in cohort-specific variables, the ag-
gregate conditions are simply given by

P.Cy+ Ei{Fi 1411} = Wi N, — PT, + €, (7)
Qi(k) = E{Fi41[Qu1 (k) + Dipa (K)]}, (8)

1y
e = 5 (), ©

"The optimal labour-leisure decision (depending on the real wage) is made by the unions and
shown in the appendix.
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with aggregate nominal financial wealth given by

1 1
0 0

From the first-order conditions we can derive the optimal consumption dynam-
ics. Combining (7) and (8) yields the patterns of aggregate consumption, where
the effect of financial wealth fades out as the probability of exiting the market goes
to zero:

Qi
P

(X — 1) PCy = EE; {Ft,t—i-l } + (1 =& B {Frt:1Pi12001Cra } - (10)

2.2 Equilibrium and Log-Linearisation

As the model can be solved for an infinite number of steady states, we restrict the
initial equilibrium and assume (without loss of generality) a baseline symmetric
steady state with equal and constant consumption and a real exchange rate of
value one. Together with PPP, this also implies a value of one for the terms
of trade. In what follows, lower-case letters are used for describing percentage
deviations from equilibrium values of their upper-case counterparts.®

The Government and Market Clearing Following Gali (2003) the government
purchases a time-varying fraction ¢, of output of each good, financed by lump-sum
taxation. Consequently, goods market clearing for each good £ of the domestic
small open economy requires

(1 =) Y (k) =Cuy(k)+ /01 Chyi (k) di (11)

forall & € [0,1] and all t, where C}; , (k) represents country s demand for the do-
mestic good k. Defining a government expenditure shock g; implicitly by exp (—g;) =
log (1 —¢;), we derive the following approximation around a symmetric steady
state

= 1—a)c+ay + avs; + g, (12)

where J = (+ (1 — a) (w — 1) and s; = pp; — pu represents the terms-of-trade.

Output, Stocks, and Dividends The indices of average real dividend payments
and the average stock market capitalization are

1 _il
QzEAQW%@FHAQMMK

8To clarify the notation: P, is the price index for domestic products and P, is the price index
for imported goods. See the appendix or Gali and Monacelli (2005) for details.
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The assumption of a balanced world government budget only requires that
the equilibrium aggregate world net supply of state-contingent bonds must equal
zero. However, we can approximate around any given distribution of bonds across
countries, and thus assume that bond holdings of domestic and foreign house-
holds are zero in the initial equilibrium: B,+ [ & Bidi = & Bt +f0 @O Bl g —
0. Using this condition with (9), the equilibrium present dlscounted nominal value
of future aggregate nominal financial wealth is equal to the current level of do-
mestic nominal stock-prices:

Q
Et{Ft,m t“} / Qu (k) dk = Qu,

where we used the intertemporal condition (5).°
In equilibrium, real domestic output must be equal to the sum of real labour
income and real dividends, implying

Prry Wi
D= —Y, — (1 -9) =N, 13
V= Y= (1= 9) BN, (13)

Letting II, denote the domestic gross inflation rate, the demand side of the
domestic economy, characterized by the following Euler equations:

(B =1)Cr =8Q + (1 = &) B { Fr o lli1 X1 Cia

and
Qt = B {Fy i1 i1 [Qugr + Diya]}

Log-linearizing the demand side of the model gives

1 AU A
Yy = T \I’EtytJrl +— T+ \If 11w (re — Eymigr — p)
av 1 N «
15 \I]EtStJrl + s, — H—\I/Et (9t+1 + yt+1) + (9e +y;)
"‘(1_01/) (1—0—\111,) Vi, (14)
qr = BEtQt—l—l + (1 - 5) Eidiq — (Tt — Eymiq — P) ) (15)
Y WN
di = D(th_pt"_yt)_ﬁ(nt‘i‘wt Di), (16)

where ¢ = 2= is the inverse of the steady state Frisch elasticity of labor supply,

) B(1- 5)2,,0— log 8, ‘I’u—‘I’(H\yﬂ((ll é()fug)py) B = lw,andA (1—a).

9The domestic country is a small country of measure zero, so the bilateral exchange rates in
the rest of the world necessarily sum up to one.
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2.3 The Canonical Representation

The derivation for the supply side of the model is standard and sketched in the ap-
pendix. As usual, the reduced form of the model is given in percentage deviations
from its steady state:

Yi

L g AU A (ri— B »
— ry — By —rr
1o tYt+1 11 \IJQt 11w t tTH t+1 t
al ~ ot - N
11 \IIEt (Ast—l—l) — 11 \IlEtSt+1 + Oﬂ?St (1 7)
= = T 1—ay . 14+ pP
E + (1 — > E — -« S
BEGi41 B t Lp T ayyt+1 ot a, t+1 wr ot a, t+1

—(re — BxTpp — 1ry) + B AS g+, (18)

Pp (‘ngEtW?{,tH + Tpﬂ%,tﬂ) + Fpfe + Apr + aNp5: + uy, (19)
~ _ . aov w

Dw <9wBEt7rZ‘fH + Twﬂfg'i1> + KTt — AWy — T)\wst + uy’,

~ w P o n

Wi—1 + Ty — 7rlel,t — aAs; + _yay Ay — 1—a, Aay, (20)

Uagta (21)

where ¢ = ¢ —q', Ut = ye — y;', 5t = S¢ — S7, O = wy — Wy, wy = wy — py, @and natural
variables are given by

n
Yy

n
St

n
Wy

n

rTy

qa

14+
= aoaly —a(A=—9)Ts"+T —T
a yt a( ) St + gt + (1 _ ay) at?
= oo ly — Y — 9, (22)
a n 1 n
= log (1 - ay) 1 —yozyyt + 1— ay@t — QS (23)
= p+A By, — A + Vg + ak; (A3t+1) — TEtSt-i-l

+(1+Y)(14+T,)(1—p,) 0,
1+9)ad , . 1+ W «
+%5t — A'E, (9t+1 + ayt+1) + A (9¢ + ayyf) (24)
= ot BB~ + (1= 8) (i —asi) +aBdst,,  (25)

and parameters are given by

(1—7p)(1—6p) (1 - Bep) (1= ay) p?
Up + iy

(1= 7w) (1= 6) (1= B0, ) p* T

) e e a1 )

_ [0 —ay) + Ay

-1

bptp = (0 + 7 [1-6, (1-5)])

Qy

1—-q
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The shock term 7, follows the work of Castelnuovo and Nistico (2010) and
accounts for all non-fundamental and time-varying deviations of stock prices from
their natural level, which sources lie beyond the scope of our modelling framework
here (e.g. variations in the equity premium or other financial shocks).

The model is closed by a Taylor type interest rate rule including a lagged inter-
est rate term and the stock price gap:

re=p+(1—¢) (prﬂz,t + Oyl + ¢qu1?) Qi1+ Uy, (26)

where u} is a monetary policy shock. We include ¢; to allow a positive reaction on
stock price misalignments.
The exogenous driving forces of the model are

a; = Pali—1 + €y, (27)
9t = pggi1+ei, (28)
Ve = Pyl Ty, (29)
v = pyyiatel (30)
up = pouy_g +ey (31)
uy = Ppugtg—l + &t — ngf—l (32)
u = ppuy g & — XwEi (33)
N = Pyl + &/, (34)

where all ¢’s are normally distributed with constant mean and variance 7. The
specifications for markup shocks follow the philosophy of Smets and Wouters
(2007), who argue that ARMA (1,1) processes are useful to capture the high
frequency fluctuations in wage and price mark-ups.

The reduced-form of the DSGE model is founded on structural parameters
that describe the optimal behaviour of firms and households. These parameters
can be considered independent of the policy regime, and thereby not subject to
the Lucas critiqgue. The following section provides the results from a Bayesian
estimation procedure and illustrates the properties and policy implications of the
estimated model.

3 Estimation and Model Fit

For the estimation procedure we use the latest version of DYNARE, a MATLAB
pre-processor, which has become the standard for Bayesian estimation of DSGE
models over the last years (http://www.dynare.org/). The posterior distri-
butions of the structural parameters are estimated conditional on prior informa-
tion on the types, the means, and the standard deviations of all distributions,
using Maximum Likelihood methods. For this purpose, we apply the Metropolis
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Hastings Markov-Chain Monte Carlo algorithm with four chains a 300,000 draws
(neglecting the first 12,000). The scale used for the jumping distribution is set to a
value consistent with an acceptance rate in the neighbourhood of 25% to ensure
that we identify also the tails of the distributions correctly.©

Calibration and data For some of the structural parameters of the model our
dataset can be quite uninformative. This is especially true for parameters, which
determine equilibrium outcomes. Therefore we fix some of the parameters before
estimation. The discount factor is set to 0.99, resulting in an annual equilibrium
steady state interest rate of roughly 4 percent. The steady-state consumption
share is needed to pin down % and set to 55% of total output which is line with the
observed consumption share over the sample period. We also fix the international
substitution elasticities ¢ and w to 1. Finally, the mark-ups of prices over marginal
costs and wages over the marginal rate of substitution are both set to standard
values of 20 percent.'!

We employ quarterly data for eight macroeconomic variables for the sample
period 1971Q1 - 2013Q1: Real output per capita, producer price inflation, nom-
inal wage inflation, stock prices, the nominal interest rate, productivity, foreign
demand, and government spending. Note that the start and end-points of the
sample are not only driven by data availability at the time of writing the paper, but
also to take into account the fact that South Africa moved to a flexible exchange
rate regime since 1970. Barring the data on producer prices, stock price, nom-
inal interest rate, which are obtained from the International Financial Statistics
database of the International Monetary Fund, rest of the series are obtained from
the South African Reserve Bank database. Real output per capita is measured
by real gross domestic product’ divided by 'population’. Concerning prices and
wages we use 'producer or wholesale prices’ and 'nominal wage’. Both quarterly
inflation rates are derived by dividing the annual percentage change in prices by
four: (%) /4. For productivity we use 'manufacturing labour productivity’,
and ‘final consumption expenditure by general government to GDP’ is used for
government expenditures. Stock prices are measured by the ’all share price in-
dex’, and finally, we use the ’3-month money market rate’ as interest rate. Since
the latter series is given in percent per annum we transform the series in percent
per quarter. All series have been seasonally adjusted before any transformation,
detrended using an HP-Filter with smoothing parameter 1600.

10See An and Schorfheide (2007) for details on the Bayesian estimation procedure.

""The average annual interest rate in South Africa over the sample is about 10 percent, im-
plying a discount factor of 0.975. Since we believe this rate not to be the steady state, we used
the standard value of 0.99. Estimations with 8 = 0.975 did not change the results notably and
are available on request. We also estimated the model with mark-ups of 10 percent without a
considerable effect on the estimations.
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Prior and Posterior Distributions and Properties of the Estimated Model
The choice of a prior distribution can be crucial for the estimation procedure. We
rely on estimations of DSGE models for South Africa of Steinbach et al. (2009),
Alpanda et al. (2010a,b, 2011), and Gupta and Steinbach (2013). The prior dis-
tributions for the Calvo lottery and for the persistence parameters, for example,
are also used in Alpanda et al. (2011). The priors for the Taylor rule are standard
and used in Steinbach et al. (2009) and Alpanda et al. (2010b). Contrary to these
papers, we include an interest rate smoothing parameter and choose a 5 (0.5, 0.2)
distribution. Since none of the cited studies has an equivalent to the degree of
openness, we decided to use a value of 50 percent as prior mean.

The focus of our estimation lies on the parameters ¢ and ¢,. For the prior mean
of the probability of dying we choose a value of one third, implying a decision hori-
zon of 3 quarters. We believe this to be realistic for a decision on the portfolio of
stock traders. Since we are neither sure about the sign nor the size of a possi-
ble reaction of the interest rate with respect to the stock price gap, we choose a
standard normal distribution for ¢,. All prior distributions and estimation results
are summarized in Table 1 (a graphical representation can be found in appendix
A2).

The table provides the results on the estimation of the model including wealth
effects as well as those for a standard New Keynesian model with { = 0 and
¢, = 0. Comparing our results with those in the literature, we find that all standard
parameter estimations are in a plausible range. The results on the wealth effects
suggest a decision horizon of one and a half year, which is longer than expected,
but not extraordinary high. In contrast to the estimations of VAR- and VEC-models
mentioned above, our results do not indicate a positive reaction of the interest rate
on stock price misalignments.

To illustrate the properties of the model and to show that our estimated shock
processes match the data, Figure 5 shows the original data series and those
generated from our estimated shock processes. These graphs suggest that our
model performs very well in replicating the data. In addition, Table 2 compares
the moments of the data and the estimated model for the most important vari-
ables. The last column 'NKM’ refers to the standard New Keynesian model with-
out wealth effects. These numbers show that both model variants match the stan-
dard deviations quite well, but our variant is also able to capture the correlation
between stock prices and output.
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Table 1: Bayesian Estimation Results
WEALTH EFFECTS STANDARD NKM
DESCRIPTION PRIOR POSTERIOR POSTERIOR
STRUCTURAL PARAMETERS

Probability of Dying ¢ /5(0.33,0.05) | 0.16 (0.13,0.18) - -
Calvo Price Stickiness 6,  3(0.5,0.2) 0.81 (0.72,0.90) | 0.79  (0.69,0.89)
Calvo Wage Stickiness 6,  5(0.5,0.2) | 0.64  (0.52,0.77) |0.65 (0.52,0.77)
BW-Looking Price-Setters 7, £(0.5,0.2) 0.43 (0.34,0.52) 0.45 (0.35,0.55)
BW-Looking Wage-Setters 7,  5(0.5,0.2) 0.39 (0.26,0.53) | 0.46  (0.31,0.60)
Inverse Frisch Elasticity ¢ I'(1,0.5) 1.90 (0.66, 3.05) 1.49  (0.42,2.51)
Degree of Openness « £(0.5,0.2) 0.44 (0.40,0.48) | 0.45 (0.41,0.49)

TAYLOR RULE PARAMETERS

Interest rate smoothing ¢,  3(0.5,0.2) 0.85 (0.81,0.90) | 0.87 (0.83,0.92)
Inflation ¢, T(1.5,0.2) | 1.24  (0.97,1.52) | 1.19 (0.93,1.45)
Output Gap ¢, T1(0.5,0.2) | 143  (1.03,1.83) |1.43 (1.03,1.84)

Stock Price Gap ¢, N (0,1) -0.04 (-0.07,-0.02) | - -

STANDARD DEVIATION OF SHOCKS
Productivity o, T7'(0.001,2) | 2.50 (1.58,1.88) 1.73  (1.57,1.88)
Price Mark-Up o, I''(0.001,2) | 0.13  (0.12,0.18) | 0.15 (0.12,0.18)
Wage Mark-Up o, T7'(0.001,2) | 1.15 (0.18,0.27) | 0.23  (0.19,0.28)
Preference o, T71(0.001,2) | 560  (4.06,6.74) | 4.48 (3.44,5.48)
Foreign Demand o, I'"'(0.001,2) | 0.53 (0.48,0.57) | 0.54 (0.49,0.59)
Monetary Policy o, T'71(0.001,2) | 0.30 (0.25,0.34) 0.30  (0.26,0.34)
Stock Market o, T7'(0.001,2) | 2.32  (1.70,3.06) | 1.30 (0.68,1.87)
Government Expenditures o, T7'(0.001,2) | 0.54  (0.49,0.59) |0.54 (0.49,0.59)
AR & MA PARAMETERS

Productivity p,  £(0.5,0.2) | 0.74  (0.66,0.82) |0.75 (0.67,0.83)
Price Mark-Up p, £(0.5,0.2) | 0.53  (0.41,0.64) |0.51 (0.39,0.63)
Wage Mark-Up  p,  3(0.5,0.2) | 0.43 (0.18,0.67) | 0.41  (0.15,0.66)
Price Mark-Up y, 3(0.3,0.15) | 0.07  (0.00,0.15) | 0.07 (0.00,0.16)
Wage Mark-Up x., (3(0.3,0.15) | 0.28 (0.02,0.51) | 0.31  (0.02,0.55)
Foreign Demand p,- ((0.5,0.2) 0.84 (0.77,0.91) | 0.78 (0.73,0.83)
Monetary Policy p.  £(0.5,0.2) 0.41 (0.24,0.59) | 0.39 (0.21,0.57)
Preference p, 3(0.5,02) | 083  (0.77,0.88) | 0.83 (0.78,0.89)
Stock Market p,  ((0.5,0.2) | 0.78  (0.72,0.85) | 0.86 (0.80,0.93)
Government Expenditures p,  ((0.5,0.2) | 0.65  (0.56,0.75) | 0.67 (0.57,0.76)

Notes: Prior distributions (mean and variance in brackets), and means of the posterior dis-
tributions derived from the draws of the Metropolis-Hastings algorithm (95 percent intervals

in brackets).
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Figure 1: Estimated Dynamics and Original Data Series
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Table 2: Theoretical and Empirical Moments

STANDARD DEVIATIONS CORRELATIONS
DATA MODEL NKM DATA MODEL NKM
OUTPUT GAP (Y)  1.66 1.97 1.8 Q)Y 042 0.39  0.08
STOCK PRICE GAP (Q) 17.02 1477 1742  Q,II,  0.57 0.06 0.01
PRICE INFLATION (II,)  0.75 0.66 067 QI 0.52 0.06 0.0
WAGE INFLATION (IL,)  0.68 063 065 QR —0.26 012 0.02
INTEREST RATE (R)  0.51 117 104 QA 048 0.00  0.00
PRODUCTIVITY (4)  2.66 256 260 QG —0.33 0.01 0.1
GOVERNMENT EXP(G)  0.70 0.73 073  Q,Y* 048 0.04 0.03

FOREIGN DEMAND (Y*)  1.18 0.96 0.86
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Impulse Responses and Variance Decompostion In the following we study
the dynamics of the estimated model. Bayesian Impulse Response Functions
may help illustrating the consequences of specific shocks. The Figures 2 and 3
provide the impulse responses and the 95 percent interval derived from the pos-
terior distributions of our Metropolis-Hastings iterations. Positive stock market,
preference and foreign demand shocks represent an increase in demand and
imply an increase in production, prices, wages, and the stock price gap.'? Con-
sequently, the central bank increases the interest rate to calm down the economy.
A positive monetary policy shock implies the opposite: As the increase in the real
interest rate dampens demand, output and inflation rates significantly fall, and
so does the stock price gap. Note, that the reaction of the stock price gap on a
financial shock is more than 10 times higher than for any other shock.

Figure 2: Bayesian Impulse Response Functions
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7 q iy 7 g )
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L " o
- I 0085~
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Solid Line: Posterior mean, Dashed Line: 95 percent interval.

12Since real wages increase too slow, the real wage gap turns negative
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Figure 3: Bayesian Impulse Response Functions |l
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The output reactions after price and wage mark-up shocks are positive for one
quarter due to the high persistence of the interest rate, which implies a nega-
tive real rate, thereby encouraging consumption. However, as the interest rate
increases further, the output gap turns negative. Concerning the stock price dy-
namics, the reactions after both mark-up shocks differ substantially: While an
increase in prices has a positive effect on stock prices (due to a falling real inter-
est rate), increasing wages lead to falling dividends and have a negative impact
on the stock price gap. Government spending shocks increase demand and show
a similar pattern as the shocks above. For an increase in productivity, the flexible
price level of output increases stronger than actual output and implies a negative
output gap and falling inflation.

To identify the sources of of the South African business cycle, Table 3 provides
a variance decomposition at different time horizons. The table illustrates that
production at business cycle frequencies is primarily driven by demand, as 65 -
75 percent of output fluctuations are driven by preferences and foreign demand
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Table 3: Conditional Variance Decomposition at Different Horizons

VARIABLE AND HORIZON a g v y* r D w n

OUTPUT 0.40 2.53 53.98 19.47 1458 1.11 0.6 7.77
0.34 2.15 52.15 19.10 16.93 0.87 0.14 8.31
0.29 1.88 49.75 1852 1849 2.04 0.13 8.89
0.30 1.85 48.56 18.18 18.65 3.07 0.25 9.16
0.30 1.85 48.47 18.14 1862 3.09 0.34 9.20

0.00 0.04 0.83 030 023 0.11 0.02 9847
0.00 0.03 069 025 023 0.09 0.02 98.68
0.00 0.02 056 021 021 0.06 0.03 98.90
0.00 0.02 050 0.19 019 0.06 0.05 99.00
0.00 0.02 049 0.18 0.19 0.06 0.05 99.01

0.33 0.00 0.12 0.06 0.08 97.84 1.51 0.05
0.37 0.00 0.14 0.08 0.12 96.73 249 0.07
0.39 0.00 0.18 0.10 0.18 9422 481 0.12
0.39 0.00 020 0.12 023 9126 7.63 0.17
0.47 0.00 0.20 0.12 0.23 90.59 8.20 0.19

0.38 0.00 0.40 0.16 022 235 96.35 0.13
0.59 0.00 057 023 037 505 9297 0.21
0.76 0.00 068 030 055 12.01 85.36 0.34
0.71 0.00 062 028 055 21.06 76.40 0.37
0.86 0.00 0.61 027 0.52 2359 73.79 0.35

0.50 2.11 45.11 16.33 25.66 897 043 0.89
0.51 1.98 49.31 18.17 18.87 9.57 0.61 0.96
0.48 1.70 5453 20.73 12.02 8.55 095 1.04
0.38 1.37 58.26 23.14 8.17 6.28 132 1.07
0.35 1.24 58.87 2419 727 564 140 1.04

STOCK PRICES

PRODUCER PRICE INFLATION

WAGE INFLATION

INTEREST RATE

shocks. Nevertheless, financial perturbations explain up to 9.2 percent of the
volatility of production. On the other hand, stock prices are almost completely
driven by shocks from the financial markets. In a nutshell, these results suggest a
one-sided decoupling of financial markets from the real economy: While financial
shocks increase the volatility of production (and hence employment), shocks from
the rest of the economy seem not to affect the stock price dynamics at all.

A Counterfactual Experiment Our results do not indicate a significant reaction
of the central bank on stock price misalignments. In the following, we will inves-
tigate, whether a positive reaction of the nominal interest rate would have damp-
ened the business cycle. Therefore we simulate the model using the shocks iden-
tified in our estimation under the assumption of ¢, = 0.5. The results are given
in Figure 4 and provide a clear result: A dampening effect of monetary policy on
stock price volatility can only be achieved at dramatic costs in terms of higher out-
put volatility. While the standard deviation of the stock price gap decreases from
15.14 to 12.39, the standard deviation of output more than doubles (from 1.52 to
3.19), and that of the interest rate increases from 0.59 to 0.90. Given these num-
bers, the SARB is well advised not to use the interest rate to calm down financial
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Figure 4: A positive interest rate reaction on stock price misalignments (¢, = 0.5).
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markets.

4 Conclusions

The aim of this paper was to quantify the effects of stock price wealth on the South
African business cycle. The estimation of our perpetual youth SOE-DSGE model
suggests a decision horizon of one and a half year and indicates a significant
effect of stock price misalignments on output volatility: Up to 9.2 percent of the
production variance can be explained by financial perturbations. Concerning the
interest rate we did neither find a positive reaction of the SARB on the stock
price gap nor a considerable implicit impact of stock prices on the volatility of the
interest rate (via the impact on output, for example). Moreover, simulating the
estimated model with a modified Taylor rule, which includes a positive reaction of
the interest rate on the stock price gap, clearly suggests that a dampening effect
on financial markets can only be achieved at dramatically high costs in terms of
higher output volatility. Given the difficulty to identify a stock price misalignment,
these results suggest that the SARB is well-advised, not to found their interest
rate decision on financial market turbulences.

In addition, we found a one-sided decoupling of the stock market from the
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real economy: While financial shocks that lead to ups and downs in stock prices
have an impact on real activity, shocks from the real side of the economy have
no impact on stock price dynamics at all. In the short-run, stock prices seem to
be purely shock driven. Hence, policymakers might be searching for a different
instrument to get the consequences of these financial disturbances under con-
trol. The question about this instrument will be an important guideline for future
research.

A Appendix

A.1 About the Model

In what follows we provide a sketch of the optimisation problems faced by do-
mestic firms (A.1.1), the intratemporal allocation of domestic households and the
optimal wage setting scheme (A.1.2), the risk sharing of households via the trad-
ing of bonds (A.1.3), and the derivation of the New Keynesian price and wage
inflation curves (A.1.4).

A.1.1 Firms

Retailers Retailers produce competitively a final good Y; by means of a CRS
production function, using intermediate goods Y; (k) as inputs:

1 b
Y, = [ / Y, (k) dz] | (35)
0

where 1} captures the time-varying mark-up of prices over marginal cost in the
wholesale sector and is usually referred to as a cost-push shock.'3

Profit maximization in the retail sector leads to the following demand functions
for intermediates:

1P

Yi (k) = [PHP—H(’“)} Ty, (36)

where Py, = [PH,t (k)M dl}w represents the aggregate domestic producer price
index.

The Wholesale Sector Differentiated intermediate goods are produced using
Cobb-Douglas production function

Y (k) = AN/ (), (37)

3Variations in 4! represent time-varying gaps between the natural level of output and the effi-
cient one, which can be due to time-varying market power or fluctuations in labour tax income, for
example.
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where A; = exp (a;) represents labour-augmenting productivity, and «; is an ex-
ogenous disturbance, following an AR(1)-process, and

1 L e
- [ / N, (k, z)wzﬂ} , (38)
0

is a composite index of the different types of labour | employed by a firm k
(N¢ (k,1)), with p” capturing the time-varying mark-up of real wages over the
marginal rate of substitution between consumption and leisure (due to the market
power of households/workers).

Consequently, cost minimization implies a demand schedule for each type of
labour [ for a given nominal wage rate W; (1):

1 w

N, (k1) = {Wt (”} e N; (k) , (39)

Wi

where W, = |W, ()" dl] o represents the aggregate nominal wage index. Hence,
the aggregate wage bill can be expressed as [, W, (i) N; (k,1) dl = W, N, (k).
Aggregating across domestic brands using the demand functions (36) leads to

Yipr = ANy,

1+u?
where o, = [, (P;;(f ) (=)t gk measures the relative price dispersion among

domestic firms and NV, = fol N, (k) dk represents the aggregate per-capita amount
of hours worked.

Price Setting Monopolistically competitive firms are assumed to set prices in a
Calvo-staggered manner: A randomly selected fraction of firms (1 — 6,,) adjusts
prices while the remaining fraction of firms 6, does not adjust. In addition, a frac-
tion of (1 — 7,) firms behaves in a forward-looking way and the remaining fraction
7, uses the recent history of the aggregate price index when they set prices. Thus
7, iIs @ measure of the degree of backward-looking price-setting.

All forward-looking firms, that reset prices in ¢, choose the same price P}}ft,
since they face the same optimization problem,

max Et Z 9 Ft t+l

pfl Y2+z\t [P (1 + Mt—i—z) MOtHItPH t+i| (40)

t+z

where P}Zt represents optimal price of a forward-looking firm, resetting prices in
period t, F} ., represents the real discount factor, and M C,;; and Y, ,,, represent
real marginal cost and output in ¢ + ¢ of a firm, that reset prices in ¢, respectively.
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Optimisation leads to the following log-linearized price-setting rule:

o

pﬁ,t = pi + (1 - Bep) Z (Bep)i E, (%mctﬂu ‘|‘pt+i> . (41)

1=0

Defining the domestic index for the prices newly set in period ¢ (Fﬂt) as a
weighted average of the forward- and backward-looking prices, and assuming a
rule of thumb for the backward-looking price-setters,

PIIL)Il,t = FnH,tfl + W%,tfl, (42)

the following equations can be derived using some straightforward algebra:

— —n 1-6, ﬁ
PH,t = [eppil,t%l + (1 - ep) (PH,t) } ' ) (43)
P =(1-r)P P 44
Hit ( Tp) e T Tpl e (44)

where 7%, , = In (Pﬁfl) represents the domestic producer price inflation.

A.1.2 Households

Intratemporal Allocation We now proceed to illustrate the intratemporal allo-
cation. The composite consumption index of a domestic cohort j of labour type [
is a Dixit-Stiglitz aggregate over differentiated domestic and foreign goods,

CrG )= |(1—a)= Cuy ()= +a=Cry (,0)= |7, (45)

where Cp, (7,1) and Cp, (7,1) represent the domestic demand for domestic and
foreign final goods, respectively, w > 0 represents the elasticity of substitution
between domestic and foreign goods, and « refers to the share of domestic con-
sumption allocated to imported goods and is thus a natural index of openness.
Furthermore, the demand indices are given by the following CES functions:

_&_ <

1 el 1 e—1 1 <=1 . (j
CH,t (]7l) = [/ CH,t (k,j, Z)Edk:| 7CF,t (.77l) = |:/O Ci,t (jal)(c dl:| )
0

1 I
Coo (1) = [ [ et j,l)sdk;} |
0

where ¢ denotes the elasticity of substitution between the differentiated goods
within one single country and ( measures the substitutability between goods pro-
duced in different foreign countries. Cy, (k, j,1) and C;, (k, j, ) represent the do-
mestic demand of cohort j for a specific domestic product or a specific product
from country i, respectively. C;; (j,1) is a composite index, summarizing the de-
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mand for products from country i, and Cr; (7, 1) is a composite index, summarizing
the demand for products from all foreign countries.

Similar to the consumption indices, household’s minimization of total expendi-
tures yields the following produlcer price indices (PPlIs) for domestic and forejgn
goods, Pus = | [y Pra (k) dk| "™ Pry = | [y PCdi] " P = [y P () k]
Consequently, the domestic CPl is given by:

1

R=|(1=a) P +aPl |77 (46)

Following the preceding equations, optimal allocation of any given expenditure
yields the following demand equations

Cutit) = (1-a) () e,

. Pry\ 7 . . P\ ~° .
OF,t (.]7l) = a| —5- Ct (.]7Z>7Ci,t (]7l) = 7 CF,t (jul)
P, Pry

Wage Setting Analogously to the price setting procedure of firms, only a ran-
domly a selected fraction of households (1 — 6,,) is able to adjust wages in each
period, and only a fraction of (1 — 7,,) does so in a forward-looking manner. All
households referring to the latter fraction choose the same optimal wage W
following

> 1
ma§< E; Z %Ft,tﬂ‘ ” Nt+i|t [Wtﬂ - (1 + #?ﬂri) MRStJri\tPt-i-i ) (47)
{Wtf} P My
PR
where Ny, = [VVVV; " N, and M RS, represent the average labour sup-

ply and marginal rate of substitution between consumption and leisure of a house-
hold, resetting the wage in period t, respectively. Consequently, the log-linearised
optimal wage setting rule is given by

w

wfl = p + (1 - 39w> i (B%)i E; <[Mw T (p’u(l T Nw)l MWyt + thri) , (48)

1=0

where mw; = mrs, — (wy — p;) represents the inverse wage mark-up.

Following the assumptions for price setting, we define the domestic index for
the wages newly set in period ¢ (TV,) as a weighted average of the forward- and
backward-looking prices, and assuming a rule of thumb for the backward-looking
price-setters,

Wtbl = W?fl + WZ,H, (49)
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the following equations can be derived using some straightforward algebra:

_1
We = [0uWis + (1= 02) (W) ] 77, (50)
W? =(1-1) Wtfl + Tthbla (51)
where 7 = In (%) represents the domestic wage inflation.

A.1.3 International Risk Sharing and the UIP

Before proceeding, we offer some helpful definitions and identities, which are
related to the terms of trade and the exchange rate, and are used extensively in
the following.

We start by defining different types of terms of trade relationships. The bilateral
terms of trade between the domestic country and country i represents the price
of country i’s goods in terms of domestic goods and is given by S;; = P/ Pu.
Thus the effective terms of trade is given by

Pr, (/1 ¢ ) =
Sp=—=-= S odi ,
t PH,t 0 2,t

which can be approximated by s; = log (S;) ~ fol si¢di. Log-linearizing the do-
mestic CPI under the assumption of a symmetric steady state satisfying the PPP
yields

Dt = PHt + QiS¢ (52)

Using the definition of the domestic PPI, there is a link to the domestic CPI:
T = Tyt + als;. (53)

We see that the gap between producer and consumer price inflation is propor-
tional to the change in the terms of trade, depending on the openness of the
country.™

Assuming that the LOOP holds on a brand level, we obtain P (k) = &P}, (k)
(Vi,k € [0,1]), where P}, (k) represents the price of good & from country i mea-
sured in terms of country i’s currency. Integration over all products % yields

Py = &P}, (Vi,k € [0,1]), where P}, = [fol P}, (k)'—* dk] * represents the com-
posite price index of goods from country i measured in country i’s currency. A
log-linearization of P, around a symmetric steady state gives

1—

1
pre — / (ci +pL,) di = e+ (54)
0

4For o = 0 we obtain the closed economy version and consumer and producer prices coincide.
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where p; represents the log world price index and e = log (£)."® Using this with
the definition of the terms of trade gives s; = e; + p; — pu:. Since the foreign

PPl measured in foreign currency units is given by Py, = [fol (lf’;;t)l_C di] ¢ the
assumption of the LOOP on a brand level, combined with identical preferences
and the assumption of no home bias yields the PPP:

pF,t = 5tP;,t, PH,t = 5tP;},t, Pt = f,’tPt*,

where Py, is defined in the same way as P, and represents the domestic PPI
measured in foreign currency units.

Assuming complete securities markets gross returns across countries should
be equal and first order conditions similar to those of the domestic country should
hold in any country, leading to

Cy = 5,01 Qi 4, Yt
where Q,;; = %’7 represents effective bilateral real exchange rate and x; is a
constant depending on initial conditions. Assuming (without loss of generality)
symmetric initial conditions (implying zero net foreign assets) »; = » = 1. Taking
logs and using the relationship between the terms of trade and the real exchange
rate, we obtain
a=c +(1—a)s. (55)

A.1.4 Deriving Price and Wage Inflation

Real marginal costs are defined as mc; = w,—py —mpn,, where mpn, represents
the marginal product of labour. Defining the real wage as w; = w, — p;, we derive
1

+ ay.
1—ayyt 1 —ay !

me; = —log (1 — ay) + wy + asy +

A similar expression can be derived for the inverse wage mark-up:

(1-0)+he )
I—a)r A

o, -~
mwy = —Kyt—Algt—l_aat—Wt~
Y

Consequently, the corresponding natural values are represented by

n n n O‘y n 1
mep = —log(1l—ay,) 4w+ as; +1—ayyt —i—l_ayat,
(1—ay)+Ap ot Q . ©
n — n - n - * _ A _ _ n
i (1—ay)A Yo T TR T A A ay G

SNote that world CPI and PPI are the same as we assume that each country is of measure
zero.
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where the natural terms of trade follow from (55) and (12)

n n

sy = 0o [y — Yl — 9] (56)

with o, = m, the natural real wage (under the absence of rigidities) equals
the marginal product of labour,

Q 1
oy + a; — asy, (57)

wy =log (1 —ay) — T
Yy

1 —ay

and the natural level of output (in the absence of rigidities) is given by

, . 1+
y? = O[Fyt _a(A_ﬁ)FSt +th+ (1 _;O)Fa'h
)
where I' = % Note, that we implicitly assumed an optimal employ-

ment subsidy as in Gali (2003), so that mw;] = mc} = 0. Deviations of mc¢, and
mw, from their "frictionless”, flexible price levels are given by

— - - (67 -
me = wy+as + 1 b, (58)
Ry
(I—ay)+Ap_.  ad_

mws = Y St — W,

I—a)A 7" A

where 5, = s; — s} = 04,7
Finally, log-linearizing the price-setting equations (42) - (44), and the corre-
sponding wage-setting equations (49) - (51) yields

Ty = & <95~Et7r§}’t+1 + prg’t_l) + Kpl + Ap@r + a8 + Ul (59)
~ . .oad w
T = Qu (HﬁEtWtujrl + Twﬁzu—l) + Kl — Thcyt—l — AWy — T)\wst +uy,
where
(1—7p) (1—0,) (1= B0,) (1 — o) pP N —1
= PO a9
(1= 70) (1 - 6y) (1—5%) e o
Ao = w4+ (14 pw) ¢w’¢w:(9w+7—w{1_9w(l_ﬁ>})
_ Qy _[Q—ay) +Ap
HP = 1— ay )‘p»’iw - |: (1 — ay) A :| Aw?

and e} = \up, € = A\ ui’. Moreover, real wage gap dynamics are represented
by

W = W1 + T — Ty — @Asy — Awy! (60)
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Figure 5: Prior and Posterior Distributions
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