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1. I ntroduction

Monetary policy in South Africahas recently undergone arapid transition. In ealier yeas, an
old-fashioned, partly monetarist view assumed a sSmple mnnedion between the money suppy
and inflation. Accumulated international evidence does not support this view, and in South
Africaitself force of circumstance has compelled a move avay from these ideas. The shift to
inflation targeting from late 1999 aemands good forecasting models of inflation, clarity on the
medhanisms of monetary transmisson, an institutional design that guarantees the transparency
and acountability of policy, and a shared understanding with the private sedor of the
effediveness of monetary policy for inflation and for output (Leiderman and Svensson, 1995.
We have receantly confirmed the role of the output gap in South Africas inflation process
among other fadors, in a sophisticaed inflation forecasting model (Aron and Muellbauer,
200138). One of the main transmisson channels of interest rates onto inflation is therefore via
output. This emphasises the importance of robust quantitative evidence on the dfeds of
interest rates on output.

The quarterly econometric maao-model of the South African Reserve Bank (SARB)
has recetly been undergoing wholesale revision, but has not yet been published. In the
determination of aggregate expenditure and output, the previous vintage of the SARB's
models appeas to omit two important interest rate transmisson channels. that via wedth
effeds, and hence @<t prices (except for the exchange rate); and that via expedations.
Consequently, it is difficult to arrive & a well-informed view of the size and dynamics of the
effeds of monetary policy. Further, these models gave insufficient attention to the
consequences of regime shifts, such as financia liberaizaion, and, more generaly, to the
influential Lucas Critique of the use of policy modelling (Lucas, 1976. Omitted structural
bre&ks in ealier U.K. models played a mgjor role in the stly maaoemnomic policy failures
of the late 198G and ealy 199(s.

A popular dternative to forecating with a large, quarterly, structural maao-
econometric model (which may be misgpedfied), is to develop reduced-form forecasting
models with plausible long-run properties. This could be done in the context of a quarterly
vedor autoregressve model (VAR) (see Jonsn (1999 for a smal VAR model of prices,
broad money, red income, interest rates and the exchange rate for South Africa). However, as

we ague below, VARs are just as prone to forecast failure from omitted structural bre&s, and



often omit key variables and lags. An dternative to VARs are single equation multi-step
models such as those developed by Stock and Watson (1999 200Q 2001), where the
dependent variable is, for example, the four-quarter-aheal rate of growth or inflation. Recent
reseach shows that for VAR models suffering from certain spedficaion errors such as
omitted moving average aror components or structural bre&ks — both important in South
Africa - single-equation, multi-step forecating can provide more robust forecats (Weiss
1997, Clements and Hendry, 1996 1998.

Our approad differs from that of Stock and Watson's in several ways, summarised as
follows:. (i) careful attention to testing for structura bre&ks; (i) use of a stochastic trend to
cgpture shifts in underlying cgpaaty trends; (iii) use of ‘general-to-spedfic’ model seledion
procedures, from a rich class of models sibjed to strong sign priors derived from eanomic
theory (Hoover and Perez, 1999 Hendry and Krolzig, 1999; and (iv) permits long lags
without lossof parsimony by restricting nature of longer lags.

Quarterly estimation covers the period 19632000 for a cre model applying to a
subset of the data, and for 1970-200Q for which awider range of variables is available. A key
feaure of the model is the interest rate transmisson effed to output, the direct effed of which
has altered with the monetary policy regime. We dso find evidence for a structural bre&k in
the effed of the real exchange rate, related to the openressof the ecnomy.

The outline of the paper is as follows. Sedion 2 sets out a theoreticd framework for
forecating the growth of red GDP, which emphasises a range of fadors for forecasting
output, including oil prices and the terms of trade, exchange rates and the aurrent acount,
suppy/demand imbalances, interest rates, asst prices and wedth effeds, volatility and
uncertainty measures, credit availability, private investment and capital to labour ratios, yield
gaps and corporate to government bond spreals, government debt, and measures of foreign
demand. Sedion 3 explains our econometric methodology.

Sedion 4 gves the badkground on important politicd and policy regime bregs and
shocks in South Africa During the 19805, there was substantial financial li beralisation and the
move to new operating procedures for monetary policy. Periodicdly, serious politica crises
entalled increasing internationa isolation, refleded in diminished trade and finance South
Africds mineral dependency as a primary exporter gives an important role to terms-of-trade
shocks in determining output growth. This sdion also examines productivity trends for

evidence of changesin the growth rate of the economy’s capadty to produce.



Sedion 5 presents the findings from our multi-step forecasting models for the rate of
growth of red output, taking into acount these regime dhanges, and the wide range of other
influences emphasised in the theoreticd model. Sedion 5 further considers me of the
implications of this reseach for the nstruction of aternative measures of the output gap,
which is of genera interest. (South Africa does not publish measures of the output gap, and
has used a production function approad). Use of such measuresis an integral part of inflation
forecasting models under inflation targeting.

Sedion 6 draws out the implications of our findings for the monetary transmisson
processand discusses the policy significance of the findings more generaly. We consider the
role of international capital flows; of financial liberalisation; altered sensitivity to interest rates
under different monetary policy regimes, and atered senstivity to the exchange rate with
changes in the trade regime, as well as the dfeds of different exchange regimes themselves on

outpu.

2. Theor etical Background

I mportant results on output forecasting arise in the wntext of empiricd work on the monetary
transmisson mecdhanism. Economic theory suggests higher interest ratescurtail consumer and
investment spending, impading both diredly and via their indired effeds on asst values and
income expedations. Many studies use Vedor Autoregressve Models (VARS) to examine
effeds of short-term interest rates or other monetary policy indicators on subsequent output
growth, see Sims (1980 1987 1996, Todd (1990, and Bernanke (1990. More recently,
attention has been given to the ‘credit channel’, Bernanke and Blinder (1992, Bernanke and
Gertler (1995 or the ‘financial accéerator’, Bernanke, Gertler and Gilchrist (1996 1999. In
this framework, the aedit terms available to firms depend on the source of finance (e.g, inside
versus outside finance) and the terms of such finance ca vary with economic conditions. For
example, a fal in a firm's net worth reduces the dfedive mllateral a bank may be ale to
accessin the event of aloan default. Changes in asst prices are thus likely to influence aedit
terms. More generally, increased uncertainty, a downturn in the e@nomic outlook or afall in
the net worth of banks themselves, can all influence the @st of outside finance available to

firms, by altering the willi ngnessor ability of banks to provide such finance Some ampiricd



reseach has proxied credit conditions using spreads between corporate and government bonds
as one proxy for such credit terms, see Gertler and Lown (1999, though others have
interpreted such spreads instead as a proxy for uncertainty.

Asst prices $ould play an important role in the transmisgon mechanism, whether one
takes a ‘conventiona’ asset markets view, see Taylor (1999, or the aedit channel view.
Reseach has examined the dfeds of asset prices and asset price volatility on GDP growth,
see Hamilton and Gang (1996 and Estrella and Mishkin (1998. Another financial variable,
which has recaved much attention as a predictor of cyclicd adivity (as well as of inflation), is
the yield curve or the yield gap between short-term and long-term bonds, see Campbell
(1995, Estrellaand Mishkin (1998, Bernard and Gerlach (1998, and Peeland Taylor (1997)
Recently, Stock and Watson (2001) have examined the role of asst prices, including equity
prices, bond prices, yield gaps, spreals and exchange rates, in forecating both output and
inflation in seven OECD enomies.

Findly, output effeds of the terms of trade ae widely acknowledged, seenin the U.S.
context in the reseach on the dfeds of red oil prices, see Hamilton (1983, Hooker (1996
and Clements and Krolzig (2001).

Nevertheless it is necessary to embed credit, monetary transmisson, asst and terms
of trade variables in a more genera maaoecnomic framework. Following Muellbauer (1996
and Muellbauer and Nunziata (2001, output growth is cgptured in a dual adjustment process
firstly, of output to equili brium output given by an income - expenditure model; and secondly,
of output to trend output. Trend outputis determined, in principle, by the state of tedinology
and physicd and human capita stocks. The adjustment process involves gpontaneoudy
occurring recovery forces operating in recessons. These might include red wages and some
material and investment goods prices falling far enough relative to productivity trendsto make
production, employment and investment more profitable again, as well as rising replacament
demand and low interest rates resulting from the low investment rates associated with
recesson. The reverse medchanisms operate in booms, together with the high marginal costs
asciated with over-time hour premia and, in the limit, shee cgpadty or sKkilled labour suppy
constraints.

Large maaoemnometric models articulate many elements of these processes. In what
follows they will be summarized by a single aljustment equation. In this equation, two
variables cepture the self-correding tendency of growth to fal after fina expenditure has

overshot cgpadty and to remver when output is below cgpadty. The first of these is the



deviation of output from trend. The second is the trade balance to GDP ratio, since excess
demand spills over into higher imports. A third possible measure is the deviation of inflation
from average inflation in recent years. However, while this makes sense in a large, relatively
closed economy such as the U.S., see Muellbauer and Nunziata (2001), it is less likely to be
relevant in an open economy like the U.K. or South Africa, where the exchange rate plays a
major rolein theinflation process.

The dual adjustment process mentioned above can be articulated as follows. When
goods markets are in equilibrium, the gross domestic product (GDP) equals total expenditure
(Y), which is the sum of consumption (C), investment (1), government expenditure on goods
and services (G) and exports (X), less imports (M). Let private expenditure depend linearly
on the GDP less taxes (T), plus an autonomous element (A), which reflects, for example,
interest rates, wealth, the real exchange rate, uncertainty and growth expectations. Then, in

goods market equilibrium, the equilibrium GDP, denoted by Y* is given by:
Y*=a(Y*-T)+A+G+ X -M (2.1
SO0 that

*:—1 [A+G-aT +X -M]
1-a

:ﬁ[A+G—T+X—M] 2.2)

if aisof the order of 0.8 or more.

There is dso some process of adaptation of GDP to trend income (TY), depending on
the level of equilibrium technology, human and physical capitd.

Let the adjusment mechanism linking actual Y bothwith Y* andwith trend Y be:

AY, =By (Y, =Y,) +b,(TY, =Y, (23)

Deflating by Y .1 gives thelog approximation:



b (INTY,, -InY,_) (2.4)
]

where (INTY ¢, - InY+.1) corresponds to the usual concept of an output gap.
Let the government surplus to GDP ratio or (-(G-T)/Y) be denoted by GSUR; and the
trade deficit to GDP ratio or (-(X-M)/Y) be denoted by TDEF. Then (2.4) becomes

AlnY =B+ A _GSUR -TDEF
=b# 21 -GSUR ~TOEF,

+0,(INTY,, ~InY.,) (2.5)

Equation (2.5) is the eonomy’s approximate structural adjustment equation. This beaomes a

forecasting equation when the term [Yi -GSUR -TDEF,] isreplacel by variables dated t-1,

t-1
which can forecat it. This forecast will implicitly incorporate monetary and fisca policy
feedbadk rules and, in principle, istherefore subjed to the Lucascritique.

It should be noted that many economies possessinsufficient data to estimate some of
the key effeds found for the U.S. (Muellbauer and Nunziata, 200]). Stock and Watson (20017)
make asmilar point, that even the next largest six OECD eanomies do not have alequate
measures of, for example, corporate bond yield spreads. We return to these mnstraints in the

South Africaca®in sedion 5.

3. M ethodological |ssues: M ulti-Step Forecasting M odels

Pracicdly, forecasts of output are usualy made from a large quarterly ‘structural’ or ‘policy’
eomnometric models, of the type usually run by central banks or ministries of finance, or from
VARs usually containing fewer than ten variables, often below five.

In this paper, we present single equation models for forecating output four-quarters
aheal. Methodologicdly, these models can be regarded - but for one important difference - as
single equation, reduced-forms of the related VAR system. The important difference is that

our model contains a smooth non-linea stochastic trend - effedively the Kalman filter applied



to a time-varying intercept (explained in more detail below) - while VARs generally do not.
However, in some VAR studies, the Hodrick-Prescott filter is used to de-trend output and
other variables in advance of estimating the VAR. While this is different, and in our view
inferior, to estimating the trend within the model (see Harvey and Jaeger, 1993), in some
contexts the Hodrick-Prescott filter may give broadly similar results.

Three kinds of criticisms are directed at the VARs commonly used for forecasting: the
omission of structural breaks, the omission of relevant variables and the omission of relevant
lags. Clements and Hendry (1999) show that intercept-equivalent structural breaks are the
single most serious cause of forecast faillure. Examples include the financial liberalisation in
U.K. consumer credit markets in the 1980s, and the shift in the fiscal and monetary policy
regimes in the U.K. around 1979-80. These structural breaks almost certainly shifted
consumption and investment functions, and hence would perturb a VAR describing output,
inflation, interest rates and so on. Such breaks are commonly neglected in VAR studies e.g.,
Garratt, Lee, Pesaran and Shin (1998, 2000) and Britton and Whitley (1997). From this
perspective, Hendry and Mizon (2000) criticise VAR methodology and the resulting impulse
response functions.

Many VARs designed to study monetary policy now use monthly data, as the
frequency of meetings of monetary policy committees and interest rate decisons is
approximately monthly. For example, Johansen and Juselius (2000) use monthly U.S. data for
1985-99 with a maximum lag length of three months. More generaly, a VAR system with n
variables and k lags uses (nk+1) parameters per equation. To avoid the risk of structurad
breaks contaminating the model, the decision is often made to restrict the length of the sample.
This makes the trade-off between the lag-length and the number of variables all the more
severe, if conventiona levels of degrees-of-freedom are to be preserved. However, increasing
data frequency - for example, from quarterly to monthly data - is of little help where data are
highly persistent, asis mostly the case with macroeconomic time series.

It is also worth noting that omitting relevant variables from a VAR amounts to
alowing them to be approximated by distributed lags of the included variables. If aVAR with
n variables and a maximum lag of k is represented by a smaller system of r (< n) variables, the
maximum lag is, in general, greater than k. This makes all the more plausible that small

systems with very short lags are mis-specified.



Other routes to reduce over-parameterisation have been chosen. One is to use
Bayesian priors, as in the Minnesota VAR, see Doan et a (1984). This gives a tendency
towards random-walk specifications being chosen for many of the equations in the model,
which reduces the interdependence of the system and hence the number of parameters to be
estimated. Another type of restriction is to use recursive or block diagonal restrictions, again
adopted in the Minnesota VAR, and aso by Dungey and Pagan (2000). The latter argue that
the small, open economy nature of Australia makes a recursive structure and a number of
other restrictions plausible, which makes it possible to use a maximum lag length of three
guarters, despite the VAR including 11 variables, estimated for 1980-98.

As noted in the Introduction, a third forecasting approach is the use of multi-step
single equations as seen in the work of Stock and Watson (1999, 2000, 2001), Forni and
Reichlin (2001) and in neural networks approaches, see Tkacz (2001). Previous research
suggests circumstances when multi-step forecasting can be superior to recursive forecasting
from aVAR model, especially where negatively-correlated moving average errors or structurd
breaks are present in the VAR system (Welss, 1991; Clements and Hendry 1996, 1998). These
features have relevance for modelling output growth in South Africa. On structural breaks,
apart from policy-related breaks, such as extensive financial and trade liberalisation and
monetary and exchange rate regime changes, South Africa has experienced considerable
political schisms from the 1960s onwards. The economic effects have been profound, yet the
impact of such breaks is usualy difficult to model. We use a smooth non-linear stochastic
trend to help ded with these changes, as well as tegting for known ingitutional changes.

We follow Harvey (1993) and Harvey and Jaeger (1993) in defining a stochastic trend
1 asfollows:

He = My tY iy

(3.1)
Vi =Via Tx

where n;; are white noise errors. When var Ny =0, Wt isan [(1) trend with drift. When var ny
=0, K isasmooth, formaly 1(2) trend, and this is the type we use to capture the evolution of
the supply side. These non-linear trends can be estimated, viathe Kalman filter, in the STAMP
package (Koopman et al, 2000).

The multi-step forecasting single equation model developed here has the advantage of
smplicity over a full VAR system, and, it turns out, of economic interpretability. We use

another device to save on degrees of freedom while permitting long lags to appear. For lags



longer than four, the lag structure is restricted to fourth changes and four-quarter moving
averages to prevent over-parameterisation. This allows the examination of longer lags than is
possble in aconventiond VAR modd.

A possble disadvantage of a multi-step forecasting model is that there may be some
positive residual auto-correlation, as the dependent variable is the four-quarter-ahead rate of
growth of GDP, which hes a threequarter overlap with its lagged value. Thus, estimated t-

ratios and standard errors may require some adjustment.

4, South African Policy Regime Changes

During the 198Gs in South Africa there were significant regime changes with the move to new
operating procedures for monetary policy and a series of interna financia liberalizaions.
Periodicdly, maaoeanomic management has been complicated by large dhanges in capital
flows, following mgor shocks in the form of significant gold price fluctuations and politica
events. A series of politicd crises for the “Apartheid’” government from 1976 entailed the
increasing international isolation of South Africa refleded in diminished trade and finance. In
particular, from late 1985 wntil the democratic dedions of 1994 South Africahad little access
to international capital (apart from trade finance), and domestic policy was direded at
maintaining current acount surpluses through large import surcharges, exchange rate
depreaation and interest rate policy. Capital flows to the @muntry increased markedly after the
eledions, though from a very low base, and accéerated with the dfedive removal of
exchange @ntrols on non-residents in March, 1995 A large proportion of the inflow was
short-term in nature, and the eonomy was vulnerable to flow reversals. These @nstraints,
together with South Africa s mineral dependency in exports, are expected to give an important

role to terms-of-trade shocks and the current acount balancein determining outputgrowth.
4.1 Monetary Policy Regimesand Financial Liberalisation
Broadly spe&ing, there have been three monetary policy regimes snce the 196Gs (Table 1).

The first regime, in effed until the ealy 1980s, was one based on liquid asset ratios, with

gquantitative @ntrols on interest rates and credit. Limited importance was attadhed to the



interest rate a acorredive tod. Commercid banks were obliged to hold certain as®ts defined
as “liquid” as a spedfied minimum proportion of their deposits. The limited supdy and low
yields of these assts were expeded to curtal bank lending and money supdy growth.
Considerable disintermediation occurred under this s/stem, particularly between 1976 and
198(Q distorting the credit supdy figures (seeAron and Mudlbauer, forthcoming).

Increasing dissatisfadion with the liquid asst ratio-ased system led to a range of
reforms from the ealy 198G, moving toward a cah reserves—based system following the
recommendations of the De Kock Commisgon (De Kock, 1978 1985. The removal of some
direa controls (such as those on deposit rates) in March 198Q and bank credit calings later
that yea, resulted in re-intermediation and a dedine in the velocity of circulation. There were
also technicd changes to asst requirements over afew yeas, and the role of the discount rate
was redefined. The main policy emphasis was on using the ceitral bank’s discount rate to
influence the st of overnight collateralised lending and hence market interest rates. The
second regime was in full operation by mid-1985 with pre-announced, flexible monetary
targets used for the first time keginningin 1986

Financial liberalizaion began in the ealy 198Gs, rapidly expanding credit growth, and
with a more open capital acount in the 19905, the usefulness of such targets was much
diminished. In later yeas the targets were supdemented by a broader set of indicators (see
South African Reserve Bank Quarterly Bulletin, October 1997, though it is likely that such
indicators played a role in previous yeas as well.' With the removal of interest rate ntrols,
credit restrictions and barriers to competition, the supdy and demand for credit have become
increasingly market-determined. This has the implicaion, other things being equal, that higher
rates of interest are required to equili brate the market for credit.

Under the third system of monetary accoommodation, introduced in 1998 and based on
daly tenders of liquidity through repurchase transadions, the repurchase interest rate is
determined at auction. In theory, rather than controlling the price of liquidity by setting the
discount rate, monetary policy effedively rations the quantity of liquidity. The SARB signals
its policy intentions on short-term interest rates to the market through the amount offered at
the daily tender for repurchase transadions (see South African Reserve Bank Quarterly
Bulletin, June 1999. However, in pradice there has been little difference in interest rate

behavior between the arrent and the previous regime. Even under price aictioning, the

! The factors that in practice influerced the tting of monetary policy in thissecond regme have recantly been
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commercial banks colledively have remained heavily influenced by SARB-direded preferences
for the level of the interest rate. Monetary growth guidelines were aanounced on a threeyea
rather than an annual basis, and informal target ranges for core inflation were given in 1998

However, from late 1999 an inflation targeting regime was instituted.

4.2 Exchange Rate Policy Regimes?®

South Africds exchange rate policy during the 1970 mirrored volatile developments on the
international front, and throughout the period a number of significant regime shifts occurred.
Until 1979the rand was pegged to either the U.S. dollar or the pound sterling. Alterations in
the rate were determined by policymakers and took the form of discrete step changes.
Exchange oontrols restricted residents capital flows, and proceals from the sale of assets by
nonresidents were placad in bocked rand acounts, which made the repatriation of cepital
difficult. In 1976 the system was modified to alow for the transfer of assts between
nonresidents.

Greder flexibility was introduced in 1979with a dual-currency exchange rate system,
following the recommendations of the interim De Kock Commisson (De Kock, 1978. An
officia (“commercial”) exchange rate was announced on a daily basis in line with market
forces. The second, “financia” exchange rate gplied to most nonresident portfolio and dred
investment transadions, with al other transadions channeled through the commercial rand
market. The intended impad of the dual system was to bre& the dired link between domestic
and foreign interest rates, as well as to insulate the caital acount from certain categories of
capital flows.

In 1983 the cmmercial rate was st freeto be determined in the market, subjed to
direa intervention by the SARB, and the dual rates were unified as recommended by the De
Kock Commisson (De Kock, 1978 1985. Controls on nonresident cgpital movements were
removed, and athough those on residents remained, a more lenient attitude was taken to
applications by residents to make dired investments abroad.

The unified currency remained stable for a few months but then, following the gold
pricededinein 1983 began a sharp descent. In 1985 following aprolongedperiod of politicd
upheaval, U.S. banks recdled their loans, predpitating a debt crisis, followed by a debt

clarified using empirical models of exterded Taylor rules (Aron and Muell bauer, forthcoming).
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standstill, and subsequently a series of debt rescheduling agreements. The unified rand fell
even further, and eventually the financial rand was reintroduced and capital controls on
residents were tightened. The dual-currency system remained in existence until its unification a
decade later, in March 1995, under a managed float.

Starting in 1979, the SARB intervened in both spot and forward foreign exchange
markets, although constrained by low reserves. Kahn (1992) suggests that during 1979-88,
exchange rate intervention smoothed the real rand price of gold faced by producers despite
large fluctuations in the dollar price of gold. After August 1989, under a new governor, the
SARB appeared to be stahilizing the real effective exchange rate, partly out of concern for the
competitiveness of manufacturing exports. There was, however, no explicit official policy to
stabilize the real exchange rate. Intervention was less successful at stabilizing the exchange
rate in the uncertain atmosphere before the elections of April 1994, when huge capital
outflows occurred. After the elections, there appeared to be a pattern of periodic temporary
targeting of the nominal exchange rate, with periodic currency crises (Aron and Elbadawi,
1999). Under inflation targeting, however, such exchange rate management is expected to

have afairly low priority.

4.3 Trade policy regimes

An important consideration for output in South Africa is changing trade policy and openness
to competition. Particularly from the mid-1980s, pressures on the capital account from
protracted capital outflows due to foreign disinvestment and sanctions required an adjustment
in the economy to maintain current account surpluses in excess of required foreign debt
repayments. This was partly achieved through trade policy, with big increases in tariffs and
import surcharges relative to imports of goods and services. Trade barriers began to be
dismantled in 1990, and especially after 1994, which put downward pressure on inflation.

One might expect the degree of openness to affect the influence of the real exchange
rate on growth, via the impact on the leakage of demand into imports and the demand for
exports (see equation 2.5). Unfortunately we do not have an index of effective protection
combining the effects of surcharges, tariffs and quotas (these last are dominant in South

African trade policy until the early-1980s); nor can we directly capture the effects of trade

2 See Aron, Elbadawi, and Kahn (2000).
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sanctions. Instead we use a proxy for openness, which is derived from a model for the share of
manufactured imports in home demand for manufactured goods, where the latter is defined as
domestic production plus imports, less exports, for which we have annual data. We do not
employ the import share itself to measure openness, because it depends on other factors, such
as fluctuations in domestic demand and relative prices of imports or the exchange rate.
However, our model for the log of the import share controlsfor theseinfluences.

The model includes a measure of import tariffs and surcharges, which is one (negative)
component of openness. The unmeasured component of quotas and the effect of sanctions are
captured in our model by an 1(2) stochastic trend, using a stochastic trend model of the type
discussed above, estimated in STAMP (Koopman et al,2000).

To capture demand side influences (other than home demand for manufactured goods
as defined above), the model includes the growth rate of real GDP, the log of the real
exchange rate and a lag in the log of the terms-of-trade, heavily influenced by the price of
gold. The latter might reflect sectoral differencesin GDP growth, relevant for imports, as well
asthe relaxation of balance of payments constraints when gold prices are high.

The results, estimated on annual data, are shown in Table 3, column 1 (the model was
also estimated over shorter samples to demonstrate robustness of the parameters, see columns
2 and 3). The variables are defined in Table 2, where some statistics are presented. The
hypothesis could be accepted that the coefficient on the lagged (log) level of the import share
was zero. As shown in Table 2, the tariff measure, the real exchange rate and the import share
are al 1(1) variables, and are expected to be cointegrated. The log terms-of-trade and GDP
growth are 1(0).

The influences of openness operate both through the measured effects of import tariffs
and surcharges (RTARIF), and through the stochastic trend. We therefore define our openness
indicator as the fitted stochastic trend plus the fitted effect of RTARIF (-4.30 x RTARIF (-1)).2
The openness indicator is shown in Figure 1, where a rise indicates trade liberaisation (the

other two variablesin the figure are discussed in section 5.3).

4.4  Productivity trends

3 We convert to a quarterly measure by taking the moving average of the step-function implied by the annual
data, and make a plausible guess asto the trend before 1970.
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In Figure 2, series for non-agricultural and manufaduring labour and total fador productivity
are shown, together with the respedive stochastic 1(2) trends generated by regressons on
lagged productivity, a drought dummy for 1992 and a distributed lag of cgpaaty utili sation
(to remove oclicd effeds). Tota fador productivity is measured by the
logY, —aloglL, —(1-a)logK,, with 0=0.67. The trends are aljusted by dividing by 1 minus
the ooefficient on the lagged dependent productivity variable, and thus represent the trend of
the long run solution.

There was a trend rise in labour productivity in the 197G corresponding to a rising
capital to labour ratio. The ratio of total private investment (excluding housing) to GDP
trended upwards until 1976 the yea of the Soweto riots, wheredter the arerage trend,
though fluctuating, was downwards. Generally speing there gpeas to be a onsiderable
correlation between the opennessindicator shown in Figure 1 and productivity trends. The
effeds of the 1973 and 19790il price shocks are seen in the tapering off of the productivity
trends, more pronounced for the broader non-agricultural measure. This was mitigated by the
gold price shock, which brought renewed investment until about 1982 The 198G saw slower
productivity growth. Partly this resulted from South Africds increasing isolation - for
example, the inefficient production of petrol from coal, under trade sanctions which
constrained oil imports. After the substantial sovereign debt crisis of late 1985 labour
productivity fell acerding to both measures, though more sharply in manufaduring. Capital
inflows were severely restricted to expensive short-term trade finance, and trade policy
tightened sharply. A positive shock to gold prices beginning in 1987 was followed by a
recvery in red investment. The sharp upward trend in labour productivity in the 199G, is due
in large part to the shedding of labour in a more mwmpetitive environment generated by rapid
trade liberdlisation. To the extent that red wages and other labour costs increased, this
provided a further incentive to firms to cut employment. The trend is deeper after 1995 with
the more open cagpital acocount and increased inflows, which promoted investment through
cheg and available finance and introduced new tednology. It is notable that total fador
productivity in the whole eonomy (excluding agriculture) acually fell fromthe ealy 197G to
the late 198G In addition to the fadors mentioned above, there was a large shift of
employment towards the government sedor, where red and/or measured productivity is low.

The improvementsin the 199Gs are nonethelessremarkable.
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Although labour productivity growth in the 199Gs will overstate the underlying growth
in the eonomy’s cgpadty to produce this discusson should lead one to exped a dlight
decderation of cgpadty growth in the mid-1970s, a bigger dowdown in the 1980 and an
improvement after 199Q The orrelation of our openness indicaor and both productivity

growth measures is evident.

5. Output Forecastsin South Africa

Output is modelled using an extended version of stochastic trend models discussed above,
estimated using STAMP (Koopman et a, 2000. We derive afour-quarter-aheal forecasting
model for the rate of growth of red output, and build in alowances for the influences
discus=d in sedion 2. A smooth stochastic trend represents the underlying cgpadty of the
ewmnomy. By incorporating important regime shifts in the model, output growth forecasts

should be fairly immune to the Lucas critique.

5.1 Mode specification

In sedion 2, a theoreticd model was motivated which emphasised a range of fadors for
forecasting output, including oil prices and the terms of trade, exchange rates and the arrent
acount, suppdy/demand imbalances, interest rates, asst prices and wedth effeds, volatility
and uncertainty measures, credit availability, yield gaps and corporate to government bond
spreads, government debt, and measures of foreign demand.

In the context of South Africa,anumber of these mechaisms cannot beinvestigatedin
a data set that spans historicd experience from the 196Gs. The crporate bond market has
redly only become significant in the 19905, and even the government bond market ladked
depth until the mid-198G. The role of oil prices will have been affeded by spedal contrads,
which huffered South Africa from the oil shocks of the 19705, and trade sanctions, which
applied from the 198(s. In any case, the relevant prices paid for oil will be part of the inclusive
measure of the terms of trade, which are dsosengtive to minerds prices, given theimportarce

of minerals in exports.
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Further, the difference in the structure axd openness of the South African ecnomy
gives a different emphasis to variables found to matter for the U.S. economy (Muellbauer and
Nunziata, 2001).

The output gap (INTYy; - InYyy) in equation 2.5 is likely to be measured as the
deviation of log GDP from a non-linea trend. The trade deficit to GDP ratio, TDEF, may
provide aditiona information on the output gap, athough it is adso very senstive to
variations in the terms of trade. Lags in TDEF may therefore refled persistence in TDEF,
which both helps forecast TDEF and plays an indired role via its contribution to measuring
the output gap.

The single equation modd has thefollowingform where Y is red GDP*:

n n k
A, logY,,, = y(a, + p, + Zai X, —logY,) + Z Z B, DXt (5.1)

where g is white noise plus, possbly, a moving average eror component, and | is a smocth
stochastic trend refleding the underlying cgpaaty of the economy to produce.

Standard augmented Dickey-Fuller tests suggest that over 1963200Q log Y. is I(1),
implying that alog Y, is a stationary variable (Table 2). This would imply that the stochastic
trend, Y, the Xi’sand log Y are wintegrated. The fad that  is an I(2) variable, is, at first

sight, problematic. However, a low variance stochastic trend closely resembles a segmented

linea trend so that (u + Zai X, —logY) can e&sily be 1(0) over the relevant samples.

The key X variables are the level of red interest rates, changes in nominal short-term
interest rates, the trade surplus to GDP ratio, the government surplus to GDP ratio, the log
red exchange rate interaded with an indicaor of the opennessof the eonomy to trade, ared
share priceindex, the log terms of trade, and a dummy for the drought of 19923. However, a
wide range of other influences were investigated including volatility measures of inflation and
share prices, broader measures of household wedth, the rate of growth of red private aedit,

private investment to GDP and capital-to-labour ratios to refled supdy side shifts, the spreal

* In Mudlbauer and Nunziata (2001), GDP is scaled by working age population so that the stochastic trend
picks up productivity growth. But high unemployment and poor data on population in South Africa agues
against this.
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between South African and U.S. bond yields as a proxy for uncertainty, the change in U.S.
short term interest rates, world industrid production, and net capita inflows.

The variables are defined in Table 2, where statistics are also given. These variables
explain the deviation in income from a smooth stochastic trend, which does not impose
changes in trend a priori but allows them to be estimated flexibly. Parameter shifts in the
income-forecasting relationships appear to take place at broadly the dates suggested by prior
information about policy regimes, and in the direction predicted by theory.

We have emphasised four types of regime shifts. The first is captured by the stochastic
trend, shown in Figure 3. Note that the general shape of the trend reflects the discussion on
productivity growth in the previous section, including the owdown in the 1980s and increase
in the 1990s.

The second type of parameter shift reflects changes in monetary policy, capturing the
changing sengitivity of output growth to interest rates as the monetary policy regime changed.
From 1983-84 there was a move away from quantitative controls via liquidity ratios and other
mechanisms towards more market-oriented methods of control via interest rates. It is
important, therefore, to investigate systematically the effects of these changes on the monetary
transmission mechanism. We construct a dummy indicator from the changing prescribed liquid
asset requirements for commercial banks in the 1980s (see Table 2) which we cross with
nominal and real interest rates. As far as fiscal policy is concerned, the mgor change is likely
to have been the new emphasis on fiscal discipline from 1995 under the GEAR strategy. In
principle, this would be expected to increase the positive effect of government surpluses on
future growth, as the private sector would then expect lower taxes and/or more government
spending.

The third shift is financial liberalisation in consumer credit markets from the 1980s.
Proxying this by the ratio of debt to income, as in Bayoumi (1993a, 1993b) and Sarno and
Taylor (1998), is not ideal because this ratio responds with a lag to deregulation and depends
too on income expectations, asset levels, uncertainty, and interest rates. Bandiera et a (2000)
propose the technique of principal components to summarize the composite information in a
set of dummy variables reflecting different facets of financia liberalization. However, the
weights do not reflect the behavioural impact of financia liberalization. A flexible technique
linking institutional information with behavioural responses is needed.

In Aron and Muellbauer (2000b,c), our innovation is to treat financial liberalization as
an unobservable indicator entering both household debt and consumption equations. The
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indicaor, FLIB, is proxied by a linea spline function, and the parameters of this function are
estimated jointly with the @nsumption and debt equations (subjed to crossequation
restrictions on the wefficients in the spline function)®. The estimated parameters for FLIB in
the model refled the key institutional changes in credit markets. Our estimated indicator
shows grong risesin 1984 1988 and 1995 with more moderate increases in 1989 199(Q and
1996(Figure 4).

The last shift refleds the evolving trade policy acossthe period and is cgptured in our
measure of openness described above (Figure 1). This would be epeded to shift the
influence of the red exchange rate on growth. The dired effed of increased openness on
productivity and hence cgadty growth will be buried in the estimated stochastic trend, 1, in
eguation 5.1.

5.2 Reaultsof estimationsfor the basic regression

A general-to-spedfic testing procedure on quarterly data for 19631-200Q2 (forecasting to
20012) was applied to a version of equation (5.1) with a set of variables available for the
whole period.® For lags longer than four, we restrict the dynamics to fourth-differences or
four-quarter moving averages, to prevent over-parameterisation. This gives the parsmonious
eguation shown in the first column of Table 4. In the processof smplification from the general
forms, the data suggested severa transformations, in particular, moving average versions of
some of the key regressors. Figure 2 shows red output and the stochastic trend generated
from the equation in column 1 of Table 4. Severa other forecasting equations are reported in
columns 2-6 for different samples to demonstrate parameter stability, given that Chow tests
are unavailablein STAMP.

In the parsmonious equations reported, the only 1(1) variable is the red interest rate,
which is expeded to form a @integrating vedor with the deviation of log output from the
stochastic trend. Note, however, that the aurrent acount and government surplus to GDP

ratio are borderline 1(0), so potentialy could also be part of a cointegrating veaor.

® We define FLIB using a linear spline function. The “knots’ in the spline function ocaur in the first quarter of
each year (i.e. it can shift shape in the first quarter of each year). Under the mnstraint that the parameters be
non-negative (i.e. that there is no reversal in financial liberalizaion), in practice only six parameters are
needed to define FLIB.

® For example, our openressindicator and the real exchange rate are accurately defined only from 1970
Private sedor credit growth data begin in 1967 Liquidity ratios presented by the SARB begin in 1965
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Turning to the parameter estimates in Table 4, nominal rises in interest rates and the
level of the red rate both have strong negative dfeds on subsequent growth. The red interest
rate dso enters as a lagged four-quarter moving average, suggesting its effed on output is
relatively persistent. The long duation probably results from the dfed on investment and
therefore on the caital stock of high red rates. However, the shift towards more market-
oriented monetary policy in the 198G appeas to have somewhat wegkened their influence
The shift is picked upby interading A4(PRIME) and RPRIMA with the prescribed liquid asset
ratio measure, where PRIME is the prime rate of interest for borrowing from banks. Before
the shift, high liquidity ratios and other quantitative methods of controlling credit growth were
correlated with changes in nrominal rates, exaggerating the goparent influence of interest rates
on growth. After the shift, firms and households could also refinance more easly, meaning that
higher nominal interest rates had a weder effed on expenditures. However, although most of
the dfed of changesin nominal interest rates disappeas, the greaer volatility of interest rates
in the market regime means that the proportion of the variance of growth explained by interest
rates remains high. The high and rising level of red interest ratesin the 1990s explains much of
the poor performance of output. Financia liberalisation enters as a first difference suggesting
only a short-run effed in boosting output.

The positive government surplus effed enters through a threeyea moving average,
suggesting that government deficits have persistent negative dfeds on subsequent income
growth.” These dfeds could reflea typicd concerns for budget deficits followed by higher
taxes or lower government expenditures; but these deficits may dsosgnd paliticad shocks. In
the past, politicd unrest was often followed by higher social or military expenditures, which
thus may serve @ a proxy for a dired negative dfed on growth through falling investment.
Note that government surpluses also refled positive terms of trade shocks, since these ae
asociated with higher tax revenue from mining companies. There is no evidence of an
increased coefficient after 1994associated with the shift in fisca policy discussed above.

The positive dfed expeded from the trade surplus to GDP ratio is aso confirmed,
another channel for the terms of trade. There is an additional, positive dfed (though we&k)

from the (threeyea) change in the terms-of-trade (including gold), as one might exped in a

"In contrast, in the U.S. (Muellbauer, 1996), there is ©me evidence that before the heightened concern with
government deficits in the 19805, there was a negative “Keynesian” response of output to the government
surplus.
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mineral dependent economy. Finaly, given the importance of agriculture in South Africa
output, the drought dummy for 1992 produces theexpeded regative effed.

In Figures 4-6, we provide avisua display of the size of the impaa of different
variables or combinations of variables on output. The dependent variable is defined as A4 log
GDP.4 + 1.14 10og GDP: - | , which isa dose gproximation to the output gap defined as the
deviation of log GDP.., from the trend scded by 1.14.

Figure 4 plots this dependent variable against the regresson-weighted combination of
the five different interest rate dfeds minus their respedive means, and smilarly for the
change in the indicator of financial liberalisation. This confirms the very important role of
interest ratesin the recent wegknessof eamnomic growthin S A.

Figure 5 shows the contribution of current and government ac®unt surpluses relative
to GDP, which, as noted above, incorporate large indired terms of trade dfeds. This suggests
at current levels the two surpluses, particularly the improved fiscd position of the government,
promise amore positive growth outlook. Figure 6 showsthe small dired effea of the terms of
trade.

To test for parameter stability, various sample bre&ks were chosen. The first beginsin
the 19705 (column 2). The seaond, until the second quarter of 1989 coversthe period prior to
the new monetary regime of Governor Stals and an increased momentum of politicd change
under the new President de Klerk, initiated by the release of politicd prisoner, Nelson Mandela
(column 3). The third, until the first quarter of 1994 covers the period prior to the transition
to a democratic government (column 4). Finaly, in columns 5, we show estimates for the
period of the floating exchange rate and the reign of Governor Stals.

The parameter estimates from the shorter samples are dose to those of the full period
suggesting that once structural change has been acmunted for as described above, the
remaining parameters are fairly stable. There is no evidence of autocorrelated residuals. Tests

for normality and heteroscedasticity are dsosatistacory.

5.3 Reaults of estimations with additional variables

Although this basic model seams fairly robugt, it is noteworthy that the standard error of the
resduals is clealy higher in the pre-1970period. Thismay wdl refled omitted variables, such
as the red exchange rate, which is likely to have been affeded by higher inflation in South
Africain the mid 196G and by the U.K.'s devduation in 1967
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In Table 5 we show a series of spedficaions estimated from the first quarter of 1970
with a wider set of variables as follows.® Prescribed short-term liquid assets ratio (a monetary
policy toadl frequently used before 1985to restrict bank lending) is expeded to have a recgtive
effed on output growth. The dange in short-term U.S. interest rates is also expeded to have
a negative dfed, given the evidence in Aron and Muellbauer (forthcoming), that South
African interest rates tend to follow U.S. rates. Stock market volatility, an indicaor of
uncertainty, and the moving average of the log of the red JSE al-share index, an indicaor of
the st of capital and of wedth, are expeded to have negative axd positive dfeds on output,
respedively. The rate of growth of red private sedor credit is expeded to have apositive
effed on growth, refleding some combination of credit availability and a positive investment
outlook. The interadion of our opennessproxy with the deviation from the mean of the four-
quarter moving average of the log of the red exchange rate is expeded to have anegative
effed: the more open the emnomy, the more positive for growth should be an increase in
competitiveness (a fall in the red exchange rate @& measured). Long-term capital inflows
relative to GDP is an indicaor of accessto international capital flows, which were grealy
restricted from the mid-198Gs to the ealy 199Gs, and it should have apostive dfed on
outpLt.

An dternative measure of a wedth effed is the ratio of persona sedor wedth to
personal sedor non-property income (constructed in Aron and Muellbauer, 1999, which we
find to have astrong significant effed on consumer spending in South Africa in Aron and
Muellbauer (2000. Via spending, it would be expeded to have apositive dfed on output
growth. Another risk measure is the South African government’s long bond yield less the
U.S. ten-yea government bond yield. A higher spreal can refled both the perception of a
bigger risk of government default and of afall in the rand relative to the dollar. The former, at
least, would damage the growth outlook. The latter effed may be anbiguaus: it couldindicae
both politicd risk (and therefore apoor growth outlook) and a fall in the nominal exchange
rate - which with sticky prices, would increase competitiveness temporarily and so be more
positive for growth. Finally, we include the moving average of the log ratio of fixed cepital

formation (excluding residential housing) to GDP. In principle, this effed too is ambiguous.

8 We also tested a number of other variables that failed to have any significant influence These included a
measure of inflation volatility, another asped of uncertainty; the log ratio o capital to employment, refleding
capital deepening; the log of real U.S. GDP and the log of world industrial production, to measure the globel
emnomic environment; and finally, the domestic debt to GDP ratio, to proxy constraintson fiscal policy.
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As a proxy for a young capital stock as a result of recent investment, it should capture an
asped of the capaaty to producenot fully refleciedin the stochastic trend. Howewer, if recent
additions to the caital stock have been high, firms have lessneed to expand cgpadty and may
have depleted financial reserves. In the nea term, investment expenditure might then be
expeded to fall, reducing nea term growth.

As Table 5 shows, all these variables operate in the diredion suggested by a priori
emnomic considerations (given the proviso of the anbiguous effeds just discussed). Credit
growth enters as a two-yea growth rate.’ In Table 5, column 1, shows a fairly general
spedficaion, while olumn 2 eliminates four statisticdly less sgnificant effeds. Interestingly,
one of these diminated variables is the interadion of the aurrent moving average of the red
interest rate with the dummy measuring the 19835 shift in the monetary policy regime,
NRPRIME. Column 2 thus suggeststhat the red intered effed is stable overtheertire period,
so that from 1985only the overall effed of the dhange in the nominal interest rates is arply
lower. Columns 3 and 4 show the spedficaion from column 2 over different samples, as a
chedk on robustness Column 5 shows results with the private sedor wedth to income ratio,
although the t-ratio is only 1.4. Column 6 includes the South African.-U.S. bond sprea,
which, perhaps not surprisingly, wedens the dfed of capital flows, as it is capturing smilar
phenomena. Finally, column 7 confirms the second of the two possble interpretations of the
investment to GDP ratio, with a regative cefficient on the vanable.

For most spedficaions, the SARB's liquidity ratio, red credit growth, the red
exchange rate-openness interadion and long-term net cagoital inflows to GDP, remain
significant. Of these, we must highlight the role of the real exchange rate-opennessinteradion,
which is the only significant, clealy 1(1) variable in Table 5. First, note that the post-1994
data ae aiticd in estimating its coefficient — see Table 5, column 4, where the dfed is quite
insignificant estimating upto 1994 Since there has been a trend dedine of the red exchange
rate since 1994 see Figure 1, it is difficult to distinguish this effed from a shift in the
stochastic trend refleding the underlying cgpadty of the eonomy to produce or any other
trending variable which has had a postive dfed on output growth since 1994 In other
words, though the dfed works in the diredion one would exped, its sze is unlikely to be

robust. Seocondly, the Table 5 results are sendtive to the inclusion of this variable: if it

° Inour inflation forecasting work we find credit growth to be insignificant over afour quarter horizon, but
significant over an eight quarter horizon. The dhanne of transmisson from credit growth to inflation may well
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excluded, the other variables become individually and jointly less significant and, after
successive simplification, the model reverts to the Table 4 specification. Perhaps this kind of
difficulty is inevitable in an economy which has been through structural changes as deep as
those which have faced South Africa.*

In Figure 3, we show the stochastic trend implied by Table 5, column 2, and compare
it to thatimplied by Table 4, column 1. Note tha in the mid-1980sthe trend from the Table 5
regression shows less of a dowdown, since this is accounted for in the model by the drying up
of foreign capital. It grows much less after 1994, since the real exchange rate-openness

interaction has such a podgtive effect in this period.

5.4 Implicationsfor construction of alternative measures of the output gap

One application of the output model is in the construction of measures of the output gap. This
is important in the context of inflation targeting, where some weight is placed on the output
gap in interest rate rules (Batini and Haldane, 1999). South Africa does not publish measures
of the output gap, and has used the production function method for calculating the output gap.

We contrast three alternative approaches to measuring the output gap, al using a
smooth trend estimated in STAMP (Koopman et al, 2000). Thefirst, method A, uses no data
other than log of real GDP itself. Here

logY, = u, +a,logy,_ +trigonometric.stochastic.cyclical.component (52)
+ stochastic.seasonal + €, '

where Y isreal GDP and i, isasmooth stochastic trend reflecting the underlying capacity of
the economy to produce, defined by A’u; = n. where n, is white noise. Then,
logY, — u, /(1—a,) defines the output gap.

The second approach, method B, adds more economic content by replacing the

trigonometric stochastic cyclica component by log of capacity utilisation in manufacturing.

operate via the output gap on afour quarter ahead horizon (which we show influencesinflation four quarters
later).

19 \With good measures of openness and the real exchange rate before 1970, the robustness of these results
could probably be improved.
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The third, method C, takes an output-forecasting model for logY., of the type

discussed in this paper. If we write thisin the form,

logY,,, = +a,logY +% B;X; +¢ (5.3)
J

then logY, — u,_, /(1-a,) isthe output gap.

For this method to make sense, it is important that none of the X;; variables have 1(1)
components, which is the case for the specifications in Table 4, but not for those in Table 5.
Nevertheless, the deviation from trend can be more persistent in method C than in methods A
and B. Furthermore, this model would typically imply that after a period of high real interest
rates, the output gap islikely to be negative.

In Aron and Muellbauer (2000a), we compare the performance of constructed output
gap measures by methods B*! and C in an inflation forecasting equation. Both measures have
significant coefficients in levels and changes, though those for measure C are somewhat larger
and more significant. The principal differences between the two occur in the aftermath of the
1980/81 gold price shock and the smaller price shock in 1987, when OUTGAP-C indicates
lower excess capacity in the economy; and after 1994, when OUTGAP-C indicates a higher
excess capacity. The main economic reason is the inclusion of the real interest rate amongst
the economic variables. Though this variable is 1(0), it nevertheless displays considerable
persistence, and in the 1990s, rose strongly, depressing output, in part through contracting
capital accumulation. Conceptually, therefore, OUTGAP-C differs from OUTGAP-B.

6. Monetary Policy mplications and Discussion

This paper has employed multi-step forecasting techniques in estimations with stochastic
trends to predict output growth in South Africa, one year ahead. Underlying the model for
forecasting real GDP is an income-expenditure approach with partial adjustment of output to
expenditure, and to a long-run trend, reflecting the capacity of the economy to produce. The
model also builds in alowances for diminished trade and finance related to periodic political
crises, monetary policy regime shifts in the 1980s and financia liberalisation. We find that

1 In this application, changes rather than levels of capacity utilisation are used, and lagged changes in the
terms of trade were also introduced.
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changes in nominal interest rates as well as levels of real rates, with quite long lags, have a
negative effect on future output. However, these effects have been atered by changes in the
monetary policy regime, particularly in 1983-85, see discussion below.

Mineral dependency is reflected through the terms-of-trade. It addition to its small,
direct role in our model, it has large indirect effects via the trade surplus to GDP ratio, and a
moving average of the government surplus to GDP ratio. A smooth stochastic trend
satisfactorily represents long-run changes in productivity and capacity growth of the kind one
expects in an economy subject to these regime changes. The stochastic trend approach aso
proves very helpful in deriving plausible measures of the output gap.

The model offers important insights on monetary policy transmisson with policy
implications. Note that this model, even in combination with our inflation forecasting model,
Aron and Muellbauer (2000a), do not constitute a full system and hence do not make possible
policy experiments of the type discussed by Cunningham and Haldane (1999), where different
monetary policy feedback rules can be compared. Nevertheless, our models suggest which
variables should beincluded in such a system.

Our output forecasting model contains important evidence on the influence of interest
rates on output, and suggests the effects persist for up to three years, even without feedback
effects via the other explanatory variables. However, a one percentage point rise in the prime
rate now has a smaller effect on output than before the shift in monetary policy in the early
1980s, when policy emphasised liquidity ratios, credit directives and other quantitative
controls on credit expansion. One reason for the reduced coefficient is that such controls are
excluded from our model yet are likely to be positively correlated with interest rates, implying
that the interest rate effects are probably overstated pre-1983. A second reason is that with
more liberal credit markets, borrowers found it easier to refinance when nomina ratesrose, so
reducing the impact of interest rates, especially changesin nominal rates, on output.

One surprising finding of our research is that though we can find postive weath
effects on output growth one year ahead, these are never very significant, though they are
clearly important for explaining current consumption. This is in sharp contrast to the sizeable
and highly significant stock market price effects which Muellbauer and Nunziata (2001) find in
forecasting U.S. GDP. More than one explanation is likely to be involved. The stock market
in South Africais less liquid than that in the U.S. and less important for rasng new capita. It
tends to be strongly linked to movements on Wall Street and in metals prices. The former may
be less relevant for growth in South Africa and the terms of trade effects already enter the
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model through several other routes. Findly, it is possible that our interest rate effects are
effectively capturing the asset channel as well as more direct interest rate transmission
channels, leaving only a small role for asset prices.

We find evidence over a 1970-2000 sample, where we have a more complete data set,
that South Africa has become more responsive to the real exchange rate as its economy
became more open during the 1990s, especialy after 1994. During the 1970-2000 period,
there is also evidence that international capital flows and the growth of real domestic credit
improve the one year ahead growth outlook. However, the sample is, as yet, too short to be
sure of the robustness of the size of the real exchange rate effect, though its direction is surely
correct.

Economic forecasting for an extended horizon is likely to prove a hazardous
undertaking when structural changes are important. Regrettably, the AIDS-HIV pandemic, the
economic effects of which are likely to peak in the coming decade, see Lewis (2001), is
clouding the outlook in South Africa. The robustness of forecasts over a one-year horizon is
likely to be enhanced by the stochastic trend incorporated in our models, and the next few
years are unlikely to be an exception.

Perhaps even more important than good forecasts are the economic policy lessons of
this model for output and our parallel model for inflation. For example, the model suggests
that there are significant potential growth benefits from the fiscal discipline South Africa has
exercised in recent years. At the same time, because of the serious growth consequences of
high real interest rates, and the perverse short-term inflationary effects of higher interest rates -
in part because of the mortgage cost element in the consumer price index™ - policy responses
such as the rise in prime rate to 25 percent in the emerging markets crisis of 1998, should be
avoided. Moreover, our research oninterest rate rulesin South Africa (Aron and Mud|bauer,
forthcoming) suggests that a major reason for the rise in real interest rates in the 1990s was a
response to the liberalisation of consumer credit and mortgage markets. This also accounts for
much of the decline in private saving (Aron and Muellbauer, 2000c). Somewhat stronger

prudential regulation in this area could wel have growth benefits.

12 The mortgage cost component in the CPI has unfortunate policy implications, aswell as aweak conceptual
basisin the context of liberalised mortgage markets. Increasesin the real primeinterest rate, and in our proxy
for the mortgage cost component in the CPI index, both raise inflation in the following year (Aron and
Muelbauer, 2000a). Thefirst, and weaker effect, captures the increased costs for businesseswith debt. The
second effect operates via the mortgage cost component of the CPI feeding into labour costs.
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Table1l: Monetary Policy Regimes

Years Monetary Policy Regime

19601981 Liguid asst ratio-based system with quantitative antrolson
interest rates and credit

19811985 Mixed system during transiti on

19861998 Cost of cash reserves-based system with pre-announced monetary
targets (M3)

19981999 Daily tenders of li quidity through repurchase transactions (repo
system), plus pre-announced M3 targets and targets for core
inflation

2000 Repo system with inflation targeting (CPI-X)

SOURCE: Aron and Muellbauer (forthcoming).

Table 2: Statistics and Variable Definitions

import demand equation in Table 3, column

Variable Definition of Variable Mean | Standard | [1(1)*" 1(2)2°
Deviation
1963q1-2000g2 Output Forecasting Equation
Aglog (Y) Annualised real GDP growth rate (sess. 0.0279 0.0278 - -
adj.)
log (Y) Log of real GDP (seas. adj.) 130 0.276 -2.95* -4.87**
RPRIMA Real prime interest rate/100 (four-quarter 0.0445 0.0429 -4.65** -
MA)
A,PRIME Annua change of prime interest rate/100 | 0.00243 0.0293 -3.67* 7.13**
RCASUR Ratio to current GDP of current acoount -0.00769 0.0385 -4.16** -
surplus
RGSUR Gov. surplusto GDP ratio (threeyear MA)| -0.0390 0.013 -6.49** -
Aqplog (TOT) Threeyear changein thelog terms-of-trade]  0.00880 0.123 -2.59 15.22**
DFLIB First differencein FLIB, financial 0.00429 0.0115 - -
li berali sation measure — seetext
Monetary regime shift | Dummy progressng from0to 1in 19832- - - - -
dummy 19854, derived from short term liquid
asst requirements
ND4PRIME Shift dummy x A, PRIME -0.000657 | 0.0242 - -
NRPRIMA Shift dummy x RPRIMA 0.0314 0.0466 - -
DUM92 Drought dummy=1 for 19913-92:2, or =0 - - - -
Additional variables
STLA Level of short-term liquid ast ratiosfrom 0.323 0.209 - -
19650nwards
DUS60C First differencein UStreasury bill rate/100] 0.000198 | 0.00833 -2.62 -3.91**
VSTOCK Absolute value of a 3-month MA of the 0.0428 0.0250 -4.25** -
monthly growth in JSE all-share index less|
average growth over the previousthree
years, converted to quarterly data.
Log (RISE) Log of the JSE all -share index deflated by 5.29 0.209 -4.461** -
the cnsumer price deflator (four-quarter
MA)
DUMOPEN The saved stochastic trend from the share of - - - -
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Variable Definition of Variable Mean | Standard | [1(1)*" 1(2)2°
Deviation
1, minus (4.30x RTARIF(-1)).
DUMOPEN* DUMORPEN interacted with thelog of the | -0.0134 0.0194 474 -6.89**
log (REER) real effedive exchange rate |ess4.65.
Aglog (RPSCRED) | Two-year changein private sedor credit 0.0868 0.0799 -3.57* -4.09**
deflated by consumer pricedeflator.
log (RLTFLOW) Log ratio o net long-term capital inflows | 0.00294 0.00515 -6.03** -
(old definition) to current GDP (four -
quarter MA). Extended after 1998using a
regresson (seetext).
WEALTH Wealth measure from Aron and Muell bauer 1.63 0.671 2.82 8.20**
(21997: sum of equity, housing and pension
wealth components, with housing entering
only from early 198Gs (four-quarter MA)
USSHREAD Spread between SA gov. long bond rateand|  0.0409 0.0374 -2.68 10.35**
US gov. 10year bond rate
log (RINVEST) |Ratio of private investment, excluding -3.06 0.208 -2.52 4.85**
housing, to current GDP (four-quarter MA)
1971-1998 I mport-Demand Equation
log (IMPDEM) Log share of importsin home cemand 3.07 1.29E-1 -0.53 -4,85**
Log (TOT) Log terms-of-trade (including gold) 4.64 7.55E-2 -5, 74** -
RTARIF Ratio o customs plusimport surchargesto| 2.36E-2 6.47E-3
merchandise imports
Log (REER) Log of the SARB’sredl effedive exchange 4.60 1.06E-1 -1.53 -4.40**
rate
Alog (Y) Annualised real GDP growth rate (sess. 5.95E-1 5.72E4 -3.63* -
adj.)

For avariable X, the augmented Dickey-Fuller (198]) dtatisticisthet ratio on rtfrom the regresson: AXt

=TXt-1 + Zj=1 k 6j AXt-j + Yo + Y1 t+ g, wherek isthe number of lags on the dependent variable, Yo
isacongtant term, and t is a trend. The kth-order augmented Dickey-Full er statistic isreported, wherek is
the last significant lag of the 5 lagsemployed. The trend isincluded only if significant. For null order 1(2),
AX replaces X in the equation abowe. Critical values are obtained from MacKinnon (1991). Asterisks*

and ** denotergedion at 5% and 1% critical vaues.
Stationarity tests are performed for the variablesin levels before time-transformation i.e. before taking
moving averages and changes.
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Table 3: Equation for share of importsin home demand with a stochastic trend

1 2. 3.
Dependent
Variable 1971-1998 | 1971-1990 | 1971-1986
log (IMPDEM)
Regressors:
Log (TOT) (-1) 048(370) | 048(318 | 055(3.17)
RTARIF (-1) 430(244) | -393(176) | -2.55(0.95)
Log (REER) (-1) 034(1.97) | -035(1.86) | -0.45(134)
Alog (Y) 134(450) | 129(331) | 1.14(261)
Diagnostics:
Eqg. Standard Error 0.0407 0.0417 0.0434
(1) -0.348 -0.384 -0.706
R 0.745 0.754 0.756
Durbin-Watson Statistic 217 218 2.36

(Absolute values of asymptotic t-ratiosin parentheses)
a. The euation includes an 1(2) stochastic trend.

b. r(1) isfirst-order residual autocorrelation; Ré is R-squared computed for first differences of the

dependent variable.

c. Thevariable, DUMORPEN, is defined asthe saved stochastic trend from the share of import demand

equation in Table 3, column 1, minus (4.30x RTARIF(-1)).

33




Table 4:

Forecasting equationsfor r eal output with a stochastic trend

1 2 3 4 5
Dependent
variable: 1963(1) to 1970(1) - 1963(1) to 1963(1) to 197 (2) -
A4log (Y) 2000(2) 2000(2) 1989(2) 1994(1) 2000(2)
Regressors
Log (Y) -1.12 -1.18 -1.14 -1.10 -1.13
[15] [15] [13] [13] [11]
RPRIMA -0.318 -0.325 -0.330 -0.322 -0.286
[3.2] [3.1] [3.5] [3.0] [2.2]
RPRIMA (-4) -0.321 -0.294 -0.350 -0.337 -0.223
[4.3] [3.9] [4.0] [3.6] [2.8]
A,PRIME -0.318 -0.268 -0.327 -0.327 -0.294
[4.2] [3.8] [3.9] [4.0] [3.7]
ND4PRIME 0.263 0.226 0.252 0.270 0.285
[3.0] [2.7] [2.4] [2.3] [3.1]
NRPRIMA 0.327 0.343 0.344 0.334 0.279
[2.6] [2.7] [2.7] [2.3] [1.8]
RGSUR 0.694 0.918 1.06 0.740 0.670
[2.8] [3.8] [3.6] [2.6] [2.5]
A,log (TOT) 0.0244 0.0215 0.0251 0.0241 0.00853
[2.0] [1.9] [2.0] [1.8] [0.68]
DFLIB 0.177 0.187 0.203 0.146 0.173
[2.0] [2.5] [1.9] [1.4] [2.6]
DUM92 -0.0186 -0.0166 - -0.0195 -0.0135
[3.4] [3.5] [3.3] [3.2]
RCASUR (-1) 0.0742 0.0690 0.0698 0.0785 0.0512
[2.3] [2.3] [1.8] [2.2] [1.9]
RCASUR (-2) 0.108 0.131 0.116 0.106 0.137
[3.5] [4.4] [3.1] [3.1] [4.7]
RCASUR (-3) 0.124 0.112 0.130 0.127 0.0895
[4.2] [4.0] [3.8] [3.9] [3.2]
Diagnostics
Eqg. Std error 0.00888 0.00730 0.00921 0.00940 0.00592
Normality 2.53 1.15 2.72 1.23 2.27
H( 48) 0.329 0.376 0.311 0.360 0.312
R( 1) -0.0782 0.00983 -0.133 -0.0936 0.0287
DurbinWatson 2.14 1.96 2.20 2.17 1.94
Adj.R? 0.718 0.738 0.768 0.730 0.794

(Absolute values of asymptotic t-ratiosin parentheses)
a. Theequationsinclude an 1(2) stochastic trend.

b. SeeTable2 for definitions of the variables, some of which are defined as moving averages.




Table5: Additional variablesin theforeasting equationsfor r eal output

1 2 3 4 5 6 7
Dependent
variable: 1970(1) to | 1970(1) to | 1979(2) to | 1970(1) to | 1971(2) to | 1979(1) to | 1970(1) —
Aslog (Y) 2000(2) 2000(2) 2000(2) 1994(1) 1997(4) 2000(2) 2000(2)
Regressors
Log (Y) -1.19 -1.14 -1.0595 -1.1114 -1.201 -1.12 -1.1361
[15] [15] [9.9] [13] [14] [10] [15]
RPRIMA -0.233 -0.197 -0.16195 -0.23268 -0.200 -0.134 -0.15212
[2.3] [3.4] [2.6] [3.1] [3.3] [2.1] [2.4]
RPRIMA (-4) -0.304 -0.311 -0.29183 -0.29698 -0.349 -0.297 -0.26417
[4.4] [4.8] [4.3] [3.6] [4.8] [4.7] [3.6]
A,PRIME -0.390 -0.368 -0.41693 -0.31110 -0.403 -0.492 -0.36634
[5.2] [5.3] [5.6] [3.8] [5.3] [6.6] [5.2]
ND4PRIME 0.328 0.317 0.37704 0.31324 0.384 0.445 0.33649
[3.9] [4.1] [4.5] [3.1] [4.4] [5.6] [4.3]
NRPRIMA 0.114 - - - - - -
[0.89]
RGSUR 0.789 0.778 0.545 0.695 0.761 0.422 0.727
[3.5] [3.6] [2.1] [2.5] [3.4] [1.6] [3.2]
Ag,log (TOT) 0.0202 0.0225 0.0130 0.0195 - - -
[1.8] [2.0] [1.0] [1.5]
DFLIB 0.174 0.153 0.151 0.167 0.134 0.167 0.155
[2.3] [2.1] [2.4] [1.9] [1.8] [2.7] [2.1]
DUM92 -0.0185 -0.0190 -0.0168 -0.0183 -0.0178 -0.0159 -0.0184
[4.2] [4.4] [4.2] [3.7] [4.0] [4.1] [4.1]
RCASUR (-1) 0.0600 0.0705 0.0677 0.0973 0.0848 0.0583 0.0708
[2.0] [2.4] [2.4] [2.8] [2.7] [2.0] [2.4]
RCASUR (-2) 0.129 0.147 0.163 0.173 0.152 0.151 0.151
[4.3] [5.2] [5.6] [5.0] [4.7] [5.1] [5.3]
RCASUR (-3) 0.108 0.114 0.101 0.146 0.134 0.0994 0.104
[3.7] [4.2] [3.6] [4.3] [4.1] [3.4] [3.7]
STLA -0.0798 -0.0887 -0.0629 -0.0918 -0.105 -0.0727 -0.0763
[2.7] [3.2] [2.3] [2.8] [3.7] [2.6] [2.6]
DUS60C -0.0837 - - - -0.109 -0.123 -
[1.3] [1.6] [2.0]
VSTOCK (-1) -0.0277 - - - - - -
[1.0]
Log (RISE) (-1) 0.0124 - - - - 0.0162 -
[1.1] [1.5]
Aglog (RPSCRED) 0.0667 0.0752 0.0659 0.0545 0.0974 0.0901 0.0763
[2.3] [2.9] [2.0] [1.7] [3.3] [2.7] [2.9]
DUMOPEN* -0.415 -0.449 -0.386 0.112 -0.372 -0.333 -0.493
log (REER) [2.8] [3.2] [2.5] [0.27] [1.6] [2.3] [3.3]
Log (RLTFLOW)(-1) 0.693 0.829 0.554 141 1.00 0.389 1.04
[2.0] [2.5] [1.4] [3.0] [2.7] [0.97] [2.9]
WEALTH - - - - 0.0310 - -
[1.4]
USSPREAD - - - - - -0.0801 -
[1.3]
Log (RINVEST) - - - - - - -0.0733
[2.1]
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Diagnostics

Eq. Std error 0.00672 0.00686 | 0.00565 0.00731 0.00680 0.00537 0.00689
Normality 0.260 0.0707 0.454 1.21 0.162 0.130 0.811
H( 48) 0.355 0.346 0.248 0.547 0.433 0.288 0.345

R(1) -0.0337 0.00765 | 0.0333 -0.0263 -0.0347 -0.0537 -0.00249
DurbinWatson 2.02 1.93 1.92 2.01 2.05 2.10 1.95
Adj.R* 0.793 0.784 0.812 0.797 0.790 0.830 0.782

(Absolute values of asymptotic t-ratiosin parentheses)

a.  Theequationsinclude an I(2) stochastic trend.
b. SeeTable2for definitions of the variables, some of which are defined as moving averages.
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Figure 1: The opennessindicator for South Africa
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Note 1. The variable, DUMOPEN, is defined as the saved stochastic trend from the share of import demand equation in
Table 3, column 1, minus (4.30 x RTARIF(-1)).
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Figure 2: Non-agricultural and manufacturing labour and capital productivity measures, with
stochastic trend after removing cyclical influences.
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Figure 3: Real output and the stochastic trend
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Note 1. The stochastic trends are from the equationsin Table 4, column 1, and Table 5, column 2.
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Figure4: The contribution to the output forecast of financial liberalisation and the composite
interest rate effect.
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Note 1. DEPVARAL1 isthe dependent variable minusthe level of real GDP multiplied by itsregression
coefficient minus the stochastic trend, from the equation in column 1, Table 4, and is mean-adjusted.

Note 2. Theright-hand side variables are shown weighted by their regression coefficients (Table 4, column 1),
and are mean-adjusted.
Note 3. The weighted interest rate effect is defined as: -0.318* (RPRIMA-0.0445)-0.321* (RPRIMA(-4)-
0.0445)-0.318* (D4PRIME-0.00243)+0.263* (ND4PRIM E+0.000657)+0.327* (NRPRIMA-0.0314).
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Figure5: The contribution to the output forecast of the current account and gover nment
surplusesto GDP.
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Note 1. DEPVARAL1 isthe dependent variable minusthe level of real GDP multiplied by itsregression
coefficient minus the stochastic trend, from the equation in column 1, Table 4, and is mean-adjusted.

Note 2. Theright-hand side variables are shown weighted by their regression coefficients (Table 4, column 1),
and are mean-adjusted.
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Figure 6: The contribution to the output forecast of the terms-of-trade.
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Note 1. DEPVARAL1 isthe dependent variable minusthe level of real GDP multiplied by itsregression
coefficient minus the stochastic trend, from the equation in column 1, Table 4, and is mean-adjusted.

Note 2. Theright-hand side variables are shown weighted by their regression coefficients (Table 4, column 1),
and are mean-adjusted.

42



