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Abstract

This paper provides an empirical investigation of the links between macroeconomic
uncertainty and sectoral output using Greek data. Uncertainty is considered in three
distinct components, namely the inflation uncertainty, the exchange rate uncertainty
and the output uncertainty. The results highlight the differences in sectoral responsive-
ness and the importance of a stable macroeconomic environment.
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Introduction

Recent economic literature dealing with the determinants of growth, introduces a
new element which may affect significantly growth, namely macroeconomic uncer-
tainty. It is generally accepted that in an environment characterised by macroeconomic
uncertainty economic agents become more likely to make mistakes or to incur large
transaction costs. Furthermore, it would seem intuitive that uncertainty would depress
capital formation and, in turn the rate of economic growth. The direct or indirect im-
pacts of uncertainty on growth is a topic of obvious concern for policy makers and has
attracted considerable interest in both theoretical and empirical literature (Lucas and
Prescott, 1971; Bernanke, 1983; Kormendi and Meguire, 1985; Pindyck, 1991; Ramey
and Ramey, 1991 and 1995; Aizenman and Marion, 1993; Ferderer, 1993; Pindyck and
Solimano, 1993; Leahy and Whited, 1996; Brunetti and Weder, 1998).

The objective of this paper is not to investigate the causes of structural change, such
as technical progress, changes in relative prices, factor accumulation, etc. Instead, the
paper takes account of the dynamic interactions between the two traditional sectors of
the economy (i.e. agriculture and industry) and attempts to identify the sectoral patterns
of behaviour over time. Within this context, we provide a thorough empirical investiga-
tion of the links between macroeconomic uncertainty and growth using Greek data se-
ries. Besides, the paper attempts a step further by considering macroeconomic uncer-
tainty in three distinct components, namely the inflation uncertainty, the exchange rate
uncertainty and the output uncertainty.
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The results indicate that the two traditional sectors respond differently to macroeco-
nomic uncertainty, a fact which has to be seriously considered by the policy makers in
order to achieve balanced rates of sectoral growths.

The rest of the paper is organised as follows: Section 2 discusses the methodological
and technical issues. Section 3 reports the empirical findings and finally, section 4 pro-
vides some concluding remarks.

Methodological Issues
The Uncertainty Variables

As set out previously, the aim of this paper is to examine whether possible sources of
uncertainty causes impacts on growth. In this direction, we concentrate on three types of
uncertainty, which are all meant to measure the uncertainty regarding government pol-
icy.

a) The inflation uncertainty

High inflation has been found to be associated with increased uncertainty regarding
future inflation (Heitger, 1985; Ball, 1992; Golob, 1994). In fact, decisions regarding
consumption and investment are affected given that they are dependent on the formation
of expectations regarding prices. Economic agents, in order to avoid the risks arising
from inflation uncertainty may put off or postpone their decisions regarding capital
formation thus causing negative effects on real output growth.

b) The exchange rate uncertainty

Endogenous growth theory associates positively the development of international
trade with economic growth through the expansion of the effective size of markets, the
international knowledge spillovers, the elimination of redundancy in the research sector,
the international competition, etc. (Tharakan, 1999). However, in an open economy the
development of international trade presupposes large investments in export capacity.
When economic agents cannot predict accurately the exchange rate in the future, they
may alter or put off their investment decisions and turn to less risky domestic activities.
Thus, exchange rate uncertainty causes negative impacts on international trade which in
turn leads to the deterioration of economic growth.

¢) The output uncertainty

Output uncertainty influences negatively investment decisions and consequently
economic growth (Ramey and Ramey, 1995; Guiso and Parigi, 1998). The volatility of
output growth is taken here to represent output uncertainty. Increased output uncer-
tainty, makes price signals less informative about the relative profitability of investment
across sectors, likely hampering investment decisions, thus affecting growth adversely.

d) Political instability
We do not include in the empirical analysis political instability since we intent to in-
vestigate exclusively the economic sources of macroeconomic uncertainty.

Modelling Uncertainty - The GARCH methodology

The empirical analysis employs the GARCH technique to model the uncertainty
variables. Chou (1988) argues in favour of GARCH models on the grounds that they are
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capable of capturing various dynamic structures of conditional variance, of incorporat-
ing heteroscedasticity into the estimation procedure, and of allowing simultaneous esti-
mation of several parameters under examination.

If € denotes the innovations in the mean for a specific stochastic process, y(t), and h a
time-varying, positive, and measurable function of the time t-1 information set, then the
GARCH(p,q) model proposed by Bollerslev (1986) suggest that:
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Condition (2) ensures stationarity of the conditional volatility. Iterative maximum
likelihood techniques are used to estimate the parameters of the GARCH model.

Generalized Forecast Error Variance Decomposition

The forecast error variance decomposition provides a decomposition of the variance
of the forecast errors of the variables in a VAR model at different time horizons. In this
research paper, we use the generalized forecast error variance decomposition which for
the i-th variable in the VAR is given by (Pesaran and Pesaran, 1997)
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where Z is the covariance matrix of the shocks u, in the considered VAR; ¢; is the selec-
tion vector defined by €=(0,0,...0,1,0,...0)" (1 is the i-th element); and Ay, k=0,1,2,...
are the coefficient matrices in the moving-average representation of the VAR model.

\jj,n measures the proportion of the variance of the N-step forecast errors which is

explained by conditioning on the non-orthogonalized shocks, ui, i1, ..., Uign, but
explicitly to allow for the contemporaneous correlations between these shocks and the
shocks to the other equations in the system.

Empirical analysis
The Model and data

The relationship between sectoral growth and the considered sources of macroeco-
nomic uncertainty is explored within a vector autoregressive (VAR) framework. Our
sectoral growth VAR model includes the agricultural and industrial output, both in loga-
rithms and denoted by LY and LI respectively, the inflation uncertainty (UP), the ex-
change rate uncertainty (UE), the agricultural output uncertainty (UY) and the industrial
output uncertainty (UI).

In such a case, the vector of the variables involved in the VAR system is

x’t:[ALYt ALI, UP, UE, UY, UI,; deterministic variables].

The empirical analysis covers the period 1974-2000 and econometric estimates have
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been obtained based on monthly data transformed in logarithmic form. Thus, i) for the
case of the inflation uncertainty we employed monthly data on the consumer price index
(LP) (1990=100), ii) for the exchange rate uncertainty we used monthly data on the real
effective exchange rate (LE) (1990=100), while iii) for the industrial output uncertainty
the monthly index of manufacturing production (LI) (1990=100) was considered. Last,
for the construction of the agricultural output uncertainty, due to the unavailability of
monthly data, the annual index of agricultural production (LY) (1990=100) was em-
ployed, which was next interpolated to monthly frequency with the respective method
provided by the RATS econometric package. As sources for our data we employed IFS
and FAO statistical databases.

Integration Analysis

Unit root nonstationarity of the involved variables is tested by using the methodol-
ogy proposed by Dickey-Fuller (1981). Table 1 reports the unit root test results. The
hypothesis of a unit root is rejected for all the series in first differences at the 5% sig-
nificance level. Therefore, the above variables should be used in first difference form.
Further, the importance of the unit root properties of a series has to do with policy im-
plications as well. If a series is stationary (or 1(0); integrated of order zero), then a shock
to the series only has a transitory effect, and the series returns to path it would have
taken if the shock had not occurred. If a series is non-stationary (or I(1); integrated of
order one), then the effect of a shock is permanent. Hence, and according to the results
in Table 1, shocks to sectoral output levels would have permanent effects (they are both
I(1)), while shocks to sectoral output growth rates would have transitory effects (they
are found 1(0)).

Table 1. Augmented Dickey-Fuller (ADF) Unit Root Tests

Variables Levels
Without Trend With Trend
LP (8) -1.363 0.559
LE (4) -2.725 -2.363
LI (8) -1.197 -1.460
LY (6) -2.282 -1.585
FirstDifferences
Without Trend With Trend
ALP (7) -5.759 -5.960
ALE (3) -12.448 -12.525
ALI(7) -7.618 -7.591
ALY (5) -5.874 -6.177

1) The number of lags (indicating in the parentheses in the first column), used for the calculation of the
ADF statistics, is based on the Schwarz Bayesian Criterion (SBC) provided by Microfit.

2) The critical values from Fuller (1976), for the respective degrees of freedom and the 5% level of sig-
nificance, are -2.87 and -3.42 for the non-trended and trended case, respectively.
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Generating the Uncertainty Variables

Having established the stationarity properties of the examined variables, we proceed
with generating the uncertainty variables through ARIMA modelling. More specifically,
for the inflation rate, the exchange rate, the industrial output and the agricultural output
we constructed the respective ARIMA structures
inflation rate: ALP (2, 1, 0)
exchange rate growth: ALE (1, 1, 0)
industrial output growth: ALI (1, 1, 0)
agricultural output growth: ALY (2, 1, 0).

Next, the distributional properties of the residuals obtained from the ARIMA models
were investigated. The measurement of the kurtosis statistic tests the acceptance or the
rejection of a normal distribution characterising the behaviour of certain economic vari-
ables. Under the null hypothesis, an economic variable is normally distributed. As
shown in Table 2, the kurtosis statistics for the distribution of the residuals from the
corresponding ARIMA models, indicate the rejection of the normality hypothesis in all
cases.

Table 2. Distributional Properties of the Residuals from the ARIMA Models

Variables Kurtosis ARCHtest
Lag length (q) | Test statistic | p-value
LM=TR’
U p 4.069 4 9.669 0.046
Uargp 10.844 1 4.656 0.031
Uarg 4.045 4 14.813 0.005
ULy 6.685 4 18.490 0.001
The general form of the tested model is
ﬁtz =a; + alﬁf_1 + azﬁf_2 + ot aqﬁf_q + V.

With a sample of T residuals, under the null hypothesis of no ARCH errors, the test statistic 7R’ con-
verges to a X,,Z distribution (Enders, 1995).

Having detected absence of normality in the distribution of the residuals, we proceed
with testing for the presence of possible ARCH effects. The results, also reported in
Table 2, confirm the presence of ARCH effects for ALP, ALE, ALI and ALY, and thus,
the analysis proceeded with the estimation of the conditional variances of the series,
properly specified to proxy the respective uncertainty variables, by means of the
GARCH technique.

A GARCH(O0, 1), a GARCH(I, 1), a GARCH(I, 1) and a GARCH(1, 1) model were
obtained, via the Box-Jenkins identification approach, to account for inflation uncer-
tainty, the exchange rate uncertainty, the industrial output uncertainty and the agricul-
tural output uncertainty respectively. The estimations of the GARCH models are re-
ported in Table 3. The estimated coefficients in all equations obey the stationarity rule,
i.e., their sum is less than unity.
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Table 3. GARCH Models
Variable Order(p,q) 3, 2,
hf =0y o thtz—j
i=1 j=1
UP 0, 1) h? = 0.0000567+ 0.20988u?_,
(0.00000575)  (0.07799)
UE (LD h? =0.0000366+ 0.26640u?_; + 0.69273hZ_,
(0.00000649)  (0.12434) (0.08589)
Ul (1, D h? = 0.0001609+ 0.27531u’, + 0.46665h% ,
(0.0000719)  (0.13561) (0.20460)
Uy (1,1 h? =0.0003836+0.56514u’, +0.20813h7
(0.0000945) (0.24234) (0.08380)

The numbers in parentheses indicate the asymptotic standard errors

The VAR Models

Having estimated the uncertainty variables, we next estimated the growth functions
following VAR specifications to avoid possible simultaneity problems. In particular, we
proceed the econometric analysis performing a VAR system which involves the series
ALY,, ALI, UP, UE,, UY,, Ul,. We do not proceed with cointegration analysis since the
set of endogenous variables consists of series with different order of integration, i.e. the
output series are I(1) while the uncertainty series are all by definition I(0). The selection
of the lag-length for the estimated VAR was based on Sims (1980) Likelihood Ratio
(LR) methodology. More particularly, LR tests suggested 3 lags. For the shake of sav-
ing space, only relevant results with respect to the output equations are reported in Ta-
ble 4. In particular, we perform the results of Granger-causality tests applied on each
group of lagged explanatory variables as well as the sum of the respective coefficients
to confirm the theoretical consistency of the signs.

More specifically, Table 4 presents the test results from the two estimated output
equations. With respect to the agricultural output, the inflation uncertainty and the out-
put uncertainty variables are found to cause strong impacts on the sectoral growth,
while exchange rate uncertainty and industrial output uncertainty are statistical insig-
nificant. Next, in the case of the industrial output, the results, reported in the lower part
of Table 4, reveal that inflation uncertainty and agricultural output uncertainty affect the
behaviour of the sectoral output, while exchange rate uncertainty and industrial output
uncertainty exhibit weaker causal effects (at the 10% level of significance). The coeffi-
cients in both equations are theoretically consistent.

Variance Decompositions Analysis

The variance decompositions of the output growth variable is reported in Tables 5
and 6. More specifically, each table reports the percentage of the variance of the k-
month ahead forecast error of the variables that is attributable to each of the shocks for
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k=12, 36 and 60. We consider a 12-months ahead time horizon as short-run, a 36-
months ahead time horizon as medium-run and a 60-months ahead horizon as long-run.
In the case of agriculture, we observe that only inflation uncertainty and agricultural
output uncertainty efficiently explain the sectoral growth variance in all time horizons.
In particular, inflation uncertainty explains a 28.1% in the short-run, a 31.7% in the me-
dium-run and a 31.3% in the long-run. The respective percentages for the agricultural

Table 4. VAR Analysis

Dependent variable ALY

Regressors Sumof [Grangercausalitytests: LR- p-
coefficients | Hypothesestested statistic | values

ALY (t-1) 0.212

ALI(t-1) 1.659

UP(t-1) -15.602 Lagged UP do not Granger-cause ALY | 17.018 | 0.000

UY (t-i) -2.864 Lagged UY do not Granger-cause ALY | 15.316 | 0.000

UE(t-1) -5.267 Lagged UE do not Granger-cause ALY | 6.562 | 0.104

UI(t-i) 4.632 Lagged UI do not Granger-cause ALY | 2.748 | 0.201

R*=0.845

Diagnostic tests (LM version)

LM=1.736(0.189), RESET=0.390(0.532), NO=2.394(0.302), HE=0.190(0.663)

Dependent variable ALI

Regressors Sumof [Grangercausalitytests: LR- p-
coefficients | Hypothesestested statistic | values

ALY (t-i) 0.183

ALI(t-1) -0.268

UP(t-1) -14.022 Lagged UP do not Granger-cause ALI | 13.368 | 0.001

UY(t-i) -0.861 Lagged UY do not Granger-cause ALI | 18.473 | 0.000

UE(t-1) -1.320 Lagged UE do not Granger-cause ALT | 5.426 | 0.064

UI(t-1) -2.270 Lagged UI do not Granger-cause ALI | 3.165 | 0.098

R’=0.934

Diagnostic tests (LM version)

LM=1.118(0.731), RESET=0.294(0.771), NO=0.418(0.811), HE=1.205(0.272)

LM is a serial correlation test, RESET is a functional form test, NO is a normality test, and HE is a het-
eroscedasticity test. Numbers in parentheses denote p-values
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output uncertainty are 29.8%, 27.8% and 28.1%. Similarly, the industrial output uncer-
tainty is found to exert insignificant impacts on agricultural output, explaining a 12.2%
in the short-run, a 13.1% in the medium-run and a 13.5% in the long-run.

The above performance has not been found in line with that of the industrial output
growth. More particularly, in the short-run, all the explanatory factors are insignificant.
In the medium-run, we observe a raise in the explanatory power of the industrial output
uncertainty (20.2%) and that of the inflation uncertainty (24%). With regard to the long-
run, industrial output uncertainty explains the 20.2% and last, inflation uncertainty the
27.7%. The explanatory power of exchange rate uncertainty ranks moderate (about
16.4%) in both medium-run and long-run horizons.

Table S. Forecast Error Variance Decomposition for Variable ALY

Forecast | Percentage of variance of error due to innovations in

horizon ALY ALI UP Uy UE Ul

12 20.521 5.287 28.075 29.810 4.119 12.188

36 14.141 7.699 31.699 27.793 5.553 13.115

60 13.614 8.094 31312 28.071 5.378 13.531
Table 6. Forecast Error Variance Decomposition for Variable ALI

Forecast Percentage of variance of error due to innovations in

horizon ALY ALI UP |80 UE Ul

12 18.778 41.925 12.172 8.487 7.610 11.028

36 8.239 15.794 23.957 15.594 16.182 20.234

60 7.446 14.741 27.744 13.474 16.435 20.160

Concluding Remarks

This paper has attempted to provide empirically a thorough re-investigation of the
dynamic interactions between the traditional sectors of the economy and macroeco-
nomic uncertainty using Greek data. Uncertainty has been considered in three distinct
components, namely the inflation uncertainty, the exchange rate uncertainty and the
output uncertainty.

The econometric analysis used GARCH techniques to model the uncertainty vari-
ables while the detection of causal effects running from the considered sources of un-
certainty towards the growth rates of the two traditional economic sectors has been
traced out within VAR modelling, and by applying Granger-causality tests and variance
decomposition analysis.

The main conclusions drawn from the econometric analysis are as follows:
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i. The results derived from integration analysis provide interesting insights into the
time series properties of the sectoral output data, indicating that shocks to output
levels have permanent effects while shocks to the sectoral growth series have transi-
tory effects.

ii. The overall macroeconomic uncertainty seems to cause more strong impacts on the

growth of the agricultural sector.

. Agricultural sector is sensitive in aggregate macroeconomic uncertainty, by the same
about percentages, all over the examined horizons, while the industrial sector is less
sensitive in the short-run, becoming more sensitive, though less than agriculture, in
the medium and long-run time horizon.

iv. Among the sources of macroeconomic uncertainty, inflation uncertainty together
with the respective sectoral output uncertainty variable explain the major part of the
growth behaviour in both sectors, while exchange rate uncertainty is responsible for
a rather weaker influence and only on the industrial output growth. However, hereaf-
ter the negative effects of the exchange rate uncertainty together with inflation un-
certainty are expected to gradually eliminate due to the adoption of the Euro. To-
wards this direction, Dinopoulos and Petsas (2000) present evidence that a fixed ex-
change rate area will add to the stability of the Greek economy in general and gener-
ate higher rates of growth though at the cost of serious income disparities.

In sum, the results highlight the negative effects of macroeconomic uncertainty on

sectoral growth and argue for stronger efforts, on the part of the authorities, towards a

stable macroeconomic environment if aiming at higher rates of economic growth.

=
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