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Abstract

This paper considers the development and estimafi@structural econometric model
of the South African economy by attempting to idfgnthe most important forces and
feed back effects that link the real South Afrieamonomy to the global economy and
asset markets. The model developed captures thoredhips between an important set
of South African economic variables including tr@astic share and housing markets
with a relatively small number of equations, buspite the simplicity of its structure, it is
shown that the model can consistently forecastgtiovth rate turning points of these
variables up to one-year ahead. The out of permdchsts of the model compare
favourably to those of 2 naive time series mod€le model is distinctive in that it
incorporates wealth effects, proxied by the cyclettee domestic share market and
domestic housing market, to help explain the growthprivate consumption and
investment spending and incorporates important feexk loops between the balance of
payments, interest rates and the growth in the sneapply.



Introduction

In this paper we attempt to identify and measuraeyntd the most important forces and feed
back effects that link the real South African eaogao the global economy and to global
and domestic asset markets. We show that the &dseot the relationships between the
South African economy and its domestic share angsihg markets can be captured in a
general equilibrium model with a relatively smalimber of equations. Despite the simplicity
of its structure, convenient for heuristic purpeséss demonstrated that the model can
consistently forecast the growth rate turning pooftan important set of economic variables
up to one-year ahead. The model is distinctivenat tt incorporates wealth effects proxied
by the .cycle of the domestic share market and dimbkousing market to help explain the
growth in private consumption and investment spemdirhe model also incorporates the
important feed back loops between the balance yihpats, interest rates and the growth in
the money supply.

The paper has the following structure . In sectlome offer a description of the South
African business and financial cycles and expladw tthe real economy and its financial
markets interact with and react to each other. Vé&ige a diagram to summarise the links
and feed back effects between the important economaignitudes. In section 2 we present
the formal model and examine some of the key exagerand endogenous variables. In
section 3 we present the econometric results, dmatuthe results of a set of dynamic out of
period forecasts, and comment upon them.

1. Modelling the South African economy
11 Overview

There have been several attempts to model andafsiréce SA economy that have been
published in the SA economic literature. They werenarily developed and evaluated
according to their within-period fit and none weigporously tested according to their out-of-
period forecasts. A number of these models and teivatives were used as forecasting
models in the eighties, particularly the StandasshlBBmodel (Shostak (1979)), the Pretoria
University model (De Wet and Dreyer (1978)) and BiEeR model (Smit & Meyer (1985))
with varying degrees of success but their forengstperformance has never been
systematically ex-post tested against the readlifigh the change in government in the early
nineties, most of these models fell away exceptBE&®R model which was reformulated
within a cointegration framework (Smit & Pellisi€t997)). The GEAR team under Finance
Minister Trevor Manuel based a number of theirieaflormulations and forecasts on an
economic model developed by the team. Althoughspafrthis model have been alluded to,
for example in SARB quarterly bulletins, it has eebeen published. Again, as the GEAR
thrust has lost focus more recently, the model idssociated forecasts have been side
lined.



1.2  The Modelling paradigm

In the cointegration paradigm, economic variables rmodelled in non-differenced (level)
terms with a focus on the long-term equilibriumatelnships between these levels. In the
pre-cointegratioh era, an area of concern with modelling variabkekegels was the problem
of spurious regression, whereby variables whichewert stationary could exhibit strong but
completely mis-leading correlations. Hence the shto modelling variables within a strict
stationary framework, which itself suffered fronettisadvantage that the actual process of
making variables stationary required one to tramsfthem. This necessity to transform the
variables would of itself change the model speatfan and hence the interpretation of the
model.

The cointegration framework considers economic esyst from the perspective of
simultaneous stable long-term equilibrium relatiops between the economic variables in
the system. An important implication of this coiation framework is that economic
variables with similar patterns of long term beloavi(those which are integrated of the same
order) can sensibly be related, without the probtEnspurious regression, as long as the
residual series from the cointegrating regresssoatationary. This mode of modelling has
gained great currency in the econometric literafioreits theoretical elegance, but has a
natural applicability to large relatively closedoaomies where shocks are smoothed out
within the system. In smaller open economies, galyesubject to relatively larger and more
frequent shocks the equilibria themselves will loatimually disturbed (see, for example,
Moll (2000)). An economy like South Africa’s, demkmt upon resource prices, politically
vulnerable and categorised as an emerging markét itgi related susceptibility to market
flows experiences continual shocks to its econasystem. We thus felt that a more classical
approach that focuses on the lagged relationshipidam growth rates rather than that
between cointegrated levels was more appropriatenfalelling such an economy.

1.3 The SA economic system

Any economic system that is part of a global mafketgoods and services and savings, is
subject to a complex mix of exogenous real shockisthe reactions to them. The resultant
matrix of reactions, interactions and feedbackgsh&se shocks determines the level and
growth rates of output, incomes and the pricesaafdg, services and assets in the system.
Among the more important sources of shocks andioeecto these shocks are the events
that occur in asset markets, both local and foréige attempt to identify and measure many
of the most important forces and feedback effduds link the real South Africa economy

with the global economy and with global and doneeasiset markets. Our focus in this paper
has been to integrate these spending, corporatngay wealth and interest rate effects into
an explicit model of the markets for goods and ises/and assets in South Africa. South

Africa’s political vulnerability, relatively smalbpen economy and characterisation as an
emerging market have led to high levels of volgtiln key economic magnitudes and the

business cycle. We directly addresses these difésuand the model constructed is able to

1 Generally recognised as prior to the publicatiointie 1985 review issue of the Oxford Bulletin of
Economics and Statistics under the editorship afid#g, although the introduction of the notion of
cointegration is generally attributed to Grange®@ll).
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generate forecasts which to a large extent encafesthe behaviour of the South African
economy. The essentials of the interactions betwleemeal SA economy and the important
asset markets can be captured by a model with d smmber of equations. Such a
parsimonious representation greatly assists therstahding and interpretation of the causes
and effects of the South African business cycle.

1.4  The links between the financial markets anddaéeconomy- wealth effects.

Changes in the rate of growth of consumption angstment spending clearly have an
impact on the earnings of stock exchange listedpaomes and thus their market value. These
changes in market value will in turn have an effatipersonal or corporate balance sheets of
value and thus have a feedback wealth effect oswoption and investment spending. One
can identify a number of ways in which changes @alth may influence spending decisions.

Household balance sheets as well as those of listegbanies improve or deteriorate as share
prices rise and fall. It is not only the value bfees held directly by the households that will
have wealth effects. The value of household cladimgension funds and also the value of
their retirement annuities are directly influendsdthe performance of the share markets. In
the case of defined benefit pension schemes tt@usuvalue accrued in the pension fund
belongs to shareholders. More important for mosiskbolds than the value of shares in their
portfolio will be the net value of their equity the homes they own and occupy. These
wealth effects are especially likely to have an actpon the willingness of households to
save or spend more of their disposable incomegh&umore the willingness of listed firms
to undertake investment spending and in many dastke on more debt to do so, will also
be affected by their stock market value.

1.5 The interest rate cycle

When interest rates rise, asset prices fall, atfiegs being equal. But other things seldom
remain as they were. Higher interest rates may atsompany rising levels of demand for
goods and services as investors compete more lgctorescarce capital when prospects for
corporate and household earnings growth improwverdst rate movements may be as much
pro- cyclical as they are anti-cyclical. Thus ietgrrates may rise or fall with the South
African earnings cycle with unpredictable (net)eets on asset prices. Yet higher levels of
spending will sooner or later, depending largaitize trends in export and import prices, be
associated with a deterioration in South Africaalamce of trade. The South African
monetary authorities typically responded to a detation in the balance of payments by
raising short term interest rates, a tendency whiilh become more pronounced if the
deterioration in the balance of trade is accommhhieexchange rate weakness (see De Wet
et al (1997)).

Higher interest rates accompanied by slower grawthe money supply would then, with a
lag, slow the economy down with negative effectstermsset markets. Asset markets would
tend to remain under the pressure of high or rigitgrest rates and falling earnings until the
danger to the balance of payments passed. The ltwkeing point in the business cycle
would be reached when the South African resourpgse cycle bottoms out. A recovery
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process would then begin in the economy and bevietl in due course by growing
company earnings and higher interest rates.

1.6 Political vulnerability and its real effects

There were episodes in South Africa’s economimiystvhen perceptions of greater political
risks have led to rapid withdrawals of capital gohdiced severe pressure on the balance of
payments and the exchange rate. The South Africaretary policy response to these supply
side shocks ha usually been to raise interest tategpport the Rand (see Moll (1999).. This
in turn has often discouraged spending and funteakened the economy through a loss of
confidence in the future of South Africa. In adalitj higher interest rates and slower rates of
growth of spending and hence company and housetawidngs will all lead to much weaker
domestic housing and share markets with concomitagative wealth effects.

Political uncertainty and economic growth have glsvheen negatively associated in South
Africa. Strong growth was likely to encourage fgredirect and portfolio investment helpful
to both employment and income prospects and heradical stability while the
disappointments caused by slower growth in incoaras$ higher levels of unemployment
could lead to direct political action that threadnwealth owners. Such developments
encouraged a flight of capital from South Africa.

1.7  The resource based economy

Perhaps the most important and persistent foradingaethe South African economy up or
down is the behaviour of South African resourcecqsi Exports from South Africa are
mostly of metals and much manufacturing activityl ahe exports of manufactured goods
reflect the energy intensive- that is coal inteasiprocessing of metals. Thus a typical South
African Business Cycle might take the followingrforA sustained recovery in the rate of
growth of the world economy implies increased dedsafor resources produced in South
Africa. 2 Higher prices and revenues would naturally greiatigrove their profitability and
share market valuations.

These developments would clearly also be goodHerSouth African balance of trade as
well as the capital account of the balance of paymas foreign portfolios began to include a
larger proportion of South African resource stodksaddition, the foreign exchange value of
the Rand, would benefit from an improved statehefltalance of payments. With support for
the Rand from the balance of payments, short tarchadso long-term interest rates would
decline. As interest rates came down, consumptioth iavestment spending would be

encouraged. Money and credit supplied by the bangystem would grow rapidly during the

upswing phases of the business cycle, which woulthér stimulate increases in private
spending. The housing market would be boosted bgettdevelopments and rising house

2In the nineteen seventies and early eighties, whenincrease in demand for metals and other
resources was usually accompanied by heightenets feé inflation in the major developed
economies, this could be associated with shargiféri prices for the resources supplied by South
African firms.
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prices would add impetus to the favourable weattbces on domestic spending emanating
from the share and bond markets.

These favourable trends would tend to persist tnélresource price cycle sooner or later
reversed themselves as the world economy sloweadh.ddhen all the pressures would be in
the opposite direction. The balance of trade waletriorate, as demand for imported goods
remained strong even after export growth had slod@sin. The prospects for the earnings
outlook for JSE listed companies would become mashk promising with associated share
price weakness. The exchange rate would tend t&emeand interest rates would rise in
response to capital outflows. Money supply growtbuld slow down dramatically, further
amplifying the forces causing slower growth in éags and weaker asset markets.

A summary of these relationships and feedback laoplse South African economy may be
represented diagrammatically as follows.
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2. The Formulation of the Model

The model formulated below encapsulates the ecanantér-relationships discussed above. The
real endogenous variables explained by the modalde the growth in private consumption
(GCON95) and private investment spending (GPRIGS)I, share prices (GRALSH) and real house
prices (GRHP). Also explained by the model is thewgh in real JSE all share index earnings,
(GREAL) real money supply growth (GRMB), real shtatm interest rates (RINT) and the real
balance of trade (BOT95). All the variables are suead as year-on-year real growth rates with the
exception of real interest rates, which are meaksarethe 90 day BA rate less CPI inflation, and
the quarterly real balance of trade which is exggdsn 1995 prices rather than as a growth rate.

2.1  Resource price Index

The exogenous variables of the model include (tbevti rate of) a US dollar price index of those
resources produced by JSE listed companies andeatkias GMETSA. The index encapsulates
gold, diamonds, coal, platinum and chemical prigefghted by the market values of the different
companies listed on the JSE that produce theseneess

2.2  Gold and the South African Economy

For much of the period under review the gold pagele (GGPDL) and this resource price index

behaved very similarly. The correlation between 2heeries over the period 1975-99 is 0.966. as
may be seen in the Table of Correlations set oldwbeThus over a large portion of the period

considered the US dollar gold price could be tad®a very good proxy for South African resource
prices.. However, from 1999, the gold price hagguhcompany with the prices of most other

metals, particularly platinum.

The share of gold in South Africa’s GDP and itsaxfbasket has also fallen dramatically over the
years. The ratio of gold exports to GDP when beothraeasured in current prices is now about 3%
but was as much as 12% in 1981. The share of gottia total exports of goods , measured in
current prices, was 46.5% in 1981 and was only ¥8%3, 2008. Indeed in 2000, revenue from
high priced platinum exports have matched, or exxaeeded, those from the gold mines. Thus a
focus on the impact on the South African economthefgold price alone, which has behaved very
differently compared to the prices of platinum ati@monds recently, would no longer be helpful
for a full understanding of the impact of the woeltbnomy and the resource price cycle on the JSE
and the real economy.

2.3  Risk and the South African economy

The exogenous variable representing South Afriaaitigal risk is taken to be the year on year
changes in the difference between South Africaneguwent long bond yields (RSA150's) and
equivalently dated US treasury bonds. (GGAPQ) Gldahe greater the risk of default or exchange
rate weakness the larger must be the differenaeeleet South African and US government bond
yields. This extra yield is partly the compensation the risks of the Rand weakening-which

3 This Index is compiled by Investec Securitiesvaasl kindly supplied to us.
4 Source Quarterly Bulletins of the SA Reserve BAekember 2000 and June 1986.
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would mean less dollar income and wealth for theewof the Rand bond. There is also the risk
that the hard currency conversion of interest paymto foreign debt holders may be blocked

Sovereign risk, that is the risk of default on ¢haurrency denominated) debt obligations is
usually measured by the difference in yields oworai§n currency denominated government debt
instrument. The difference between the yield oroatls African Government dollar bond (locally
referred to as a Yankee bond) and the equivalergd¥®rnment treasury bond is compensation for
sovereign risk. There is clearly no exchange rie in holding a foreign currency denominated
South African bond. We regard the difference in yiwlds available to the off shore investor
between a Rand bond and the equivalent US bonkeatotal risk premium that compensates for
the risks of both default and exchange rate degtieai. This nominal yield gap is adjusted for the
lower value of the Financial Rand when that appliddch is for much of the period under review.
The existence of the Financial Rand which was abwagrth less than the commercial Rand, raised
the effective yield to foreign investors. Dollar darother foreign currency South African
government bonds only become available to foreimgrestors after 1995 with the removal of
investment sanctions against South African. Thumag only recently become possible to separate
the yield gap into an exchange risk and soveragkncomponent.

Figure 1
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The movements in the international equity markeg¢srapresented by year on year changes in the
Dow Jones Industrial Index of the New York StoclcEange, (GDJ). The influence of the level of
interest rates in the major money market centreSauth Africa is picked up in the model through
GGAPQ.

2.3  Money Base used as a monetary Indicator

The measure of real money supply growth used imtbéel is one of South African Reserve Bank
money base (GRMB) rather than private bank moneyeal M3 (GRM3). Narrow money is

preferred because it is much more directly affedtgdReserve Bank action . Money Base is not
affected by banking sector intermediation or deimtediation which affect the magnitude of M3
but can have little impact on the real economy iparfcial markets. In the diagram below we
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compare the cycle of the real money base with eéhaeal M3. The correlation of the two series
over the period 1975- 1999 is only 0.55.

Figure 2 The Money Base and Money Supply cycles
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It may be noticed that the money base reflectsragent phases of very dramatic increases.. which
may in fact be attributed to changes in the dentaritbard money rather than the usual cyclical

responses. The demand for cash by the banks arplittie increased sharply before the elections
of 1994 and also in anticipation of Y2K problemglie second half of 1999. It may be seen below
when actual and expected money growth is compdradthe model has some understandable
difficulty in predicting such shock changes to ttemand to hoard money. Most importantly, as

may be seen in the table of correlations belovghaduld be noted that narrow money growth is

more strongly correlated with measures of real enoa activity than its wider counterpart M3.

Table 1 Correlation between key economic magnitudes

GRMB GRM3 GREAL | GMETSA| GGPDL | GPRI95| GCON9S
GRMB 1.000 0.549 0.458 -0.087, -0.073 0.654 0.681
GRM3 0.549 1.000 0.312 -0.114 -0.131 0.53) 0.475
GREAL 0.458 0.312 1.000 0.557 0.558§ 0.518 0.535
GMETSA| -0.087 -0.114 0.557 1.000 0.967 0.148 0.133
GGPDL -0.073 -0.131 0.558 0.967 1.00( 0.16¢4 0.150
GPRI95 0.654 0.537 0.513 0.148 0.164 1.000 0.723
GCON95| 0.681 0.475 0.535 0.133 0.150 0.723 1.000

It is seen that alternative measures of econontigityg that is growth in the real money supply,
earnings, and private spending and hence the lmssimle in general, are all highly correlated.
This high degree of collinearity mitigates agaiasy two of these series being used together as
explanatory variables in a single regression eqnaffhe high correlation between growth in the
dollar prices of metals and gold should also bedioas should the high correlation between real
earnings growth and the gold price or metal pricdes.



~10~
2.4 Balance of payments and real interest rates

As discussed above, higher spending levels ind¢baamy will ultimately lead to a deterioration in
South Africa’s balance of trade. The South Africaanetary authorities have typically responded
to a deterioration in the balance of payments ligirrg short term interest rates to protect their
reserves, especially when the deterioration irblance of trade is accompanied by exchange rate
weakness. Similarly, when the balance of paymergsitipn has improved, the monetary
authorities have generally relaxed interest rates.

2.5 Formal mathematical structure of the model

The model comprises an 8 endogenous variables tsinedus system. Variables are expressed in
real year-on-year growth rate terms (rates of @sieand the Balance of Trade in expressed in real
but not growth rate terms). The year-on-year grosatie transformation induces some smoothing
and autocorrelation to the transformed series émtains the standard quantitative measure used to
assess economic magnitudes.

Each equation includes a lagged dependent varidliés captures the natural economic
momentum of the economy, as well as removing sofmthe technical autocorrelation effects
induced when measuring the economy on a year-onbgesis. Such a specification can cause some
bias in the estimation procedure of the coefficiehthis lagged dependent variable, but these
coefficients are not of primary focus. The coeffitis of interpretative importance are the
remaining independent variables of each equatidthoAgh a robust statistical structure remains
an important goal, we feel that the predictive powetthe model should be judged primarily
according to its out-of-period forecasting perfonte

The model was estimated with 3-stage least squdias. takes into account cross-equation
relationships between the error structures of tlegleh is conceptually straightforward and does
not require the strict assumptions of normalitytie error term for Maximum likelihood methods.

The model can be formally written (stochastic etesms are omitted) as:

GCON95=C(1)+C(2)*GRALSH+C(3)*GRMB+C(4)*GRHP+C(5)*GIN95(-1)+C(6)*RINT
GPRI95=C(7)+C(8)*GGAPQ+C(9)*GRMB+C(10)*GPRI95(-1)¢T1)*RINT
GRALSH=C(12)+C(13)*GDJ+C(14)*GMETSA+C(15)*GRALSH(}1

GRHP= C(16)+C(17)*GGAPQ+C(18)*GRMB+C(19)*GRHP(-1)
GREAL=C(20)+C(21)*GRMB+C(22)*GMETSA+C(23)*GREAL(-1)
GRMB=C(24)+C(25)*BOT95+C(26)*RINT+C(27)*GRMB(-1)
BOT95=C(28)+C(29)*GRMB+C(30)*BOT95(-1)
RINT=C(31)+C(32)*BOT95+C(33)*RINT(-1)

Results are given for the model estimation overtwle data set from 1980:1 to 1999:4. (80
quarters). Note, however, that when the forecasterfication procedures were run, the model
was estimated as a set of rolling estimation wirglower 40 quarter periods.
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3. The Econometric Results
Table 2 Estimated Coefficients of Model (1980.1899.4)

Coefficient Std. Error t-Statistic Prob.
C(1) 0.891 0.272 3.27 0.001
C(2) 0.015 0.006 2.77 0.006
C(3) 0.063 0.038 1.67 0.096
C(4) 0.046 0.019 2.39 0.017
C(5) 0.63 0.072 8.99 0.000
C(6) -0.043 0.033 -1.29 0.198
C(7) 0.146 0.741 0.20 0.844
C(8) -0.499 0.132 -3.77 0.000
C(9) 0.579 0.135 4.29 0.000
C(10) 0.606 0.063 9.59 0.000
C(11) -0.295 0.111 -2.65 0.008
C(12) -2.45 1.92 -1.27 0.204
C(13) 0.399 0.101 3.94 0.000
C(14) 0.663 0.085 7.78 0.000
C(15) 0.513 0.055 9.33 0.000
C(16) -0.557 0.425 -1.31 0.191
C(17) -0.169 0.083 -2.03 0.043
C(18) 0.158 0.071 2.22 0.027
C(19) 0.852 0.041 20.79 0.000
C(20) -0.546 0.928 -0.59 0.557
C(21) 0.295 0.159 1.86 0.064
C(22) 0.353 0.043 8.14 0.000
C(23) 0.757 0.044 17.22 0.000
C(24) 2.86 0.825 3.46 0.001
C(25) 0.000 0.000 -2.75 0.006
C(26) -0.107 0.068 -1.57 0.117
C(27) 0.689 0.078 8.82 0.000
C(28) 7530 1490 5.04 0.000
C(29) -654 151 -4.33 0.000
C(30) 0.589 0.076 7.70 0.000
C(31) 1.36 0.304 4.47 0.000
C(32) -0.0000677 0.0000242 -4.34 0.000
C(33) 0.943 0.033 28.64 0.000
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Table3 Individual Equation summary statistics:§09 to 1999.4)
Equation | Dependent Vay. S.E. of R? L-M statistic Prob. (L-M)
regression (2 lags)

1 GCON95 1.52 0.745 2.64 0.282
2 GPRI95 5.41 0.778 1.69 0.431
3 GRALSH 13.6 0.789 28.0 0.000
4 GRHP 3.21 0.889 42.7 0.000
5 GREAL 7.55 0.866 6.59 0.041
6 GRMB 3.39 0.594 4.30 0.127
7 BOT95 6770. 0.580 3.42 0.184
8 RINT 1.65 0.900 2.26 0.323

3.1 Comments on the Estimates of the Model.

The wealth effects of changes in share prices aodénprices on consumption are significant. As
may be seen the elasticity of the wealth effectarating from the housing market C(4) appear far
stronger, nearly double, that of the share marketeC (2) Every one per cent increase in real
house prices appears to raise consumption grovgls ey an average 0.019%. It may be noticed
also that the negative real short term interest effect on consumption, C(6) is only signiifcanht a
the 10% level. It is possible that the impact dkiest on consumption spending occurs over a
longer lag than the one indicated. It was thougitr@priate not to experiment with a variety of
lags for the independent variables and to expriégbe variables of the model in year on year
growth rate form. Data mining the individual lagustures would have improved the fit of the
equations but would have taken away from the heécietegance of the model.

In fact as may be seen by the forecasting reshétsntodel specified in this way nonetheless
generates highly plausible results. The elastioftyprivate investment spending with respect to
political and exchange rate risk (C(8)) with reggeaeal money supply (C(9)) and with respect to
real interest rates (C(11)) all show up stronglythie appropriate direction. It may have seemed
more plausible to have included real earnings ratien real money supply to explain investment
spending. The equation was estimated in this foith lgss satisfactory results. As may be seen
from the Correlation Table above, the growth inl e@rnings and real money supply are quite
highly correlated and so could not be regardedndspendent of each other and be included
together in the same equation. Both may be thot@héveal similar business cycle effects and
clearly have an impact on the willingness and gbibf private firms to undertake investments.

Every one per cent growth in the real money supply been associated with a highly procyclical
0.58% increase in the rate of growth of investmditite money supply effect on consumption

spending C(3) appears far more muted.

The metal price C(13) and world market effects ¢ ignificantly influence quarterly changes in
the real value of the JSE. Current metal prices$ bl the best proxy the market has for the
expected earnings of metal producing companiebe.behaviour of world markets, as represented
by the Dow Jones Industrial Index of the New Yothc® Exchange, appears to have represented
very adequately the substitution effects of worddigy markets that act on the JSE. The expected
earnings elasticity of the JSE, as representechapges in the world metal and resource prices is
0.66, while the world equity market elasticity ig 0
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The measure of exchange rate and political riskciwhielps explain investment spending and
house prices did not add to the explanatory poweth® share market equation and so is not
included in the model. It may be that exchange risle given the exchange controls that have
operated in South Africa over the period — wasanparticular concern of South African investors.
It may however be of interest to recognise thas possible to model very successfully monthly
changes in the dollar value of the All Share Indéx the JSE, using as explanatory variables,
monthly changes in the value of the Dow Jones lm@dlidndex, monthly changes in the dollar
value of JSE earnings and changes in the exchamypdditical risk premium. All the variables are
statistically significant and the fit of the modwl highly random fluctuations in the JSE is very
good with an R squared of close to .0.70. The seaniables also have a statistically significant
effect on monthly changes in the rand value ofBE as may also be seen. However the fit of this
model is not nearly as good. The estimates of thiesge regression equation are indicated below. - | Deleted: . (should this be

included???)Yes because it is of
interest to know we do have a

The Housing price equation is a satisfactory ormhBhe risk variable and the business cycle as $ﬁgdm”;‘r’1[‘;:‘y'ym”;ggf'dggshg JSE.
represented by the growth in the real money bafe dlain house prices. Again, somewhat | than the quarterly onef
surprisingly, real interest rates did not appeantprove the fit of this equation and have therefor

been excluded. It is possible that the interest effiects on house prices have a more complicated

lag structure given the procyclical nature of thalrinterest cycle. It is however possible that the

impact of changes in real interest rates have le@hained by the lagged dependent variable.

House prices, it should be appreciated, are ayhgltocorrelated series.

The model is completed satisfactorily by the highiferdependent but much simplified set of
equations that explain money supply growth, theree of payments and real interest rates.

3.2  Testing the Model’s Forecasting Performance

The only meaningful structural validation for a nebdf this type lies in its ability to forecast the
set of endogenous variables over a period in witiehvalues of the model variables over this
period (endogenous as well as exogenous) have rniloienced the values of the estimated
coefficients. To test the model in this way, we @s process of moving out-of-period-forecast
windows. At the first pass of this procedure, wenegte the model simultaneously from the first
quarter of 1981 to the last quarter of 1990 (40riguly observations) using 3-stage least squares.
The estimated parameters of the model are theninghd model structure to solve, using a Gauss-
Seidel method, for the set of endogenous variglgeserate a forecast for the set of endogenous
variables) for the 4 quarters of 1991, using #wtual values of the exogenous variables that
pertained in 1991. Note importantly, in the contekthe lagged endogenous variables, that these
forecasts ardynamic That is, it is not assumed that the values ofdhged endogenous variables
(which act as explanatory variables) are known dkier1991 period when forecasting the 1991
endogenous variables. Thus, for example, in thetisol of the forecasts for the second period of
1991 the value for the lagged (one) endogenousasfarecasted valueof that endogenous
variablg for the first period of 1991.

The window of the estimation and forecast periothé moved forward one year. The estimation
period thus becomes the first quarter of 1982 ® ldst quarter of 1991 (again, 40 quarterly
observations). The endogenous variables of the havdenow solved for the 4 quarters of 1992,
using the actual values of the exogenous that ipedain 1992. A set of forecasts for the
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endogenous variables in 1992 are thus producedwitdow of estimation and forecast is then
moved forward in this way a total of 9 times, satt@ different estimation periods are used for the
same model structure, and 9 different sets of douarterly forecasts produced for each endogenous
variable.

3.3  Comment on the Forecasting Performance of thaein

The set of growth forecasts of the endogenous blasaare generally good, and in the correct
direction, as indicated in the graphs below:

Growth in Private Consumption Expenditure (95 Prices) Growth in Private Investment (95 Prices)
Actual & Forecast Actual & Forecast

-4 15
LI L L L L L L L LA S Ly e e e e e
91 92 93 94 95 95 97 98 99 91 92 93 94 95 96 97 98 o
—— GCON95 - FGCON95 [— GPRI95 - FGPRI95|
Growth in JSE All Share Index (95 Prices) Growth in Real Earnings (95 Prices)
Actual & Forecast Actual & Forecast
40 20

91 92 93 94 95 96 97

T -30
91 92 93 94 95 96 98 99

[— GRALSH —— FGRALSH] [— GREAL —— FGREAL




Balance of Payments (95 Prices)
Actual & Forecast

L S e B B e
93 94 95 96 97 98

— BOT95 —-- FBOT95

Growth in Real House Prices (95 Prices)
Actual & Forecast

-15

i L I e A R
91 92 93 94 9% 9% 97 98 99

— GRHP - FGRHP

Growth in Real Money Base (95 Prices)
Actual & Forecast

Real Interest Rates (BA's with Inflation removed)
Actual & Forecast

20

10 -2
L N B B o e e L N e o e AN S B I S LAy o B
91 92 93 94 9 9% 97 98 99 91 92 93 94 95 9 97 98 9

— GRMB -~ FGRMB — RINT ——- FRIN

The South African economy is an open and relatiashall economy, classified as an emerging
market and sensitive to a range of external aretnat shocks. As such, those variables which are
related to perceptions of riskiness tend to betieland subject to a changing structure; these
include private Investment, the levels of the J®iE Aouse prices. These variables tend to be
relatively poorly forecast, whereas those whichrame being closely related to expenditure and
tend to exhibit greater momentum, such as PCE anairtgs tend to be relatively well forecast.

3.4 Comparing the out of period forecasts with ¢hoknaive time series models

To put these forecasts into an objectivantext, we will compare the forecasts produceth wi
those produced from 2 naive time series modelsiguan identical procedure of out-of-period
moving windows. The two models used were:

1 A random walk (RW) model with specificatiop = y,_, + g, and

2. A time series model with a fixed autoregressivecHjpation with 4 lags (AR(4)), that is,
V=Bt A1t DYoot Ps Yost PuY- 4t @

5 The authors would like to thank an anonymous e&féor this suggestion
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The statistic used to compare the forecasts fraandifferent models is the (square root of) the
Mean Squared Error (SMSE), that is

Z(yi ~ ¥ )

k
wherey, represent the out-of-period forecastsypbver k periods (see, for example, Hendry and

Ericsson (1991)).

Table 4
Square Root of Mean Squared Errors for the Structual Model and two naive Time Series
models.

Structural Model RW Model AR(4) Model
GCON95 1.32 1.97 1.62
GPRI95 2.93 6.48 3.52
GRALSH 12.87 12.99 12.63
GRHP 3.83 5.24 4.55
GREAL 5.60 8.62 6.18
GRMB 5.37 7.70 6.64
BOT95 6130 9560 7590
RINT 1.54 2.43 2.10

The structural model developed here performs wampgaratively, although the AR(4)
specification has forecasting power which is corapieely close to that of the structural model.
Black box time series model generally do well ineftasting exercises (see, for example, Jenkins
(1979)) and if the structure of the time series etadlas optimised for each endogenous variable
(rather than being fixed as an AR(4) specificatith® forecasting performance of the time series
alternative could be improved even more. In congaewi the random walk model performs poorly,
except in the case of the All Share Index, whefigieht markets would dictate that percentage
changes of share price movements were close toman8tructural econometric models, which
may not necessarily deliver superior forecastinggomance to that of a well tuned time series
model and are markedly more costly to develop h#ve,important advantage of possessing a
structure which relates directly to our economioity.

Conclusion

The model presented above of the South African @ogrencapsulates its critical features, namely
those of a small and open economy, sensitive tmger of external and internal shocks. The model
includes variables, such as the Johannesburg &xatkange and domestic house prices which are
directly related to perceptions of riskiness, lngse are inclined to be quite volatile and tendeto

relatively poorly forecast by the model. By contrasonsumption spending, earnings and to a
lesser extent private investment, which exhibitw@cmhigher degree of sustained momentum, are
relatively well forecast by the model. In additidhe forecasts of money supply growth are entirely
satisfactory but for the understandable inabilifytlee model to forecast the demand to hoard
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money before the elections of 1994 and at the tiftke Y2K scare at the end of 1999. The model
may also be seen to forecast the broad trendsoirt tdrm interest rates and the balance of trade
very effectively, model predictably underforecdst tevels to which interest rates would go during
1998 when emerging markets were especially hardhyhithe liquidity crisis of that year. Many
regarded the interest rate settings of the Soutticaéf Reserve Bank during this period as
excessive and misjudged.

The set of forecasts of the endogenous variabkegemerally good, and in the correct direction, as
indicated in the graphs above, and compare wel foitecasts from naive time series models. We
believe that the point has been made that it isiplesto capture the essence of the interactions
between the real South African economy and itsnfired markets with a limited number of
equations. The model can help observers make tssttese of the past and perhaps also help them
predict more of the future of important featurestted South African economy and its share and
housing market.
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