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Abstract

We estimate the impact on US non-residential fixed investment of permanent and temporary inflation
uncertainty. We find that while both have a negative effect, temporary uncertainty is more important for
investment. This study has implications for monetary policy and applied-econometric practice.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction

Given the importance of business investment as a determinant of output growth and contributor to
aggregate supply, much recent work has focused on the determinants of investment, and in particular the
nature and impact of uncertainty in the economic environment. The theoretical literature concerning the
effect of uncertainty on business investment is inconclusive. The traditional literature assuming
reversibility of investment suggests a positive impact from uncertainty on business investment (see
Hartman, 1972). Other studies, which realistically question the assumption that investment spending is
perfectly reversible, propose a cost to committing to an investment project and a benefit to reducing
investment in an uncertain environment which can be conceptualised using option theory, see Dixit and
Pindyck (1994).
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The theoretical stand-off has lead to a burgeoning empirical literature examining the relationship
between investment and uncertainty, with recent interest in decomposing uncertainty into permanent and
temporary components. Moore and Schaller (2002), for example, find evidence of different effects from
permanent and temporary changes in interest rates on US investment behaviour. Chadha and Sarno
(2002) report results based on Kalman filtering on the price level, where the transitory component of
price volatility has a more substantial impact than the permanent component on the ratio of investment to
output for the US. Byrne and Davis (2003) looked at permanent and temporary exchange rate volatility
in the G7 using Component GARCH methods and found temporary uncertainty more important for
investment determination.

In this paper we decompose inflation uncertainty into permanent and temporary components using the
Markov switching model of Kim (1993). Such a model has been used previously to examine the costs
associated with inflation. Our decomposition of inflation uncertainty allows us to identify the
determinants of investment in greater detail, which is useful for applied econometric practice and the
implementation of monetary policy.

2. Modelling permanent and temporary inflation uncertainty

Ball and Cecchetti (1990) studied the relationship between the level of inflation and short-term and
long-term inflation uncertainty. In their work, inflation consists of a stationary autoregressive component
and a stochastic trend component. However, they omitted policy-regime changes which may be an
important source of persistence in the conditional variance of US inflation. Consequently Kim (1993)
adopted a similar model but incorporated regime shifts in both the mean and variance structures of
inflation uncertainty.’

Kim’s (1993) model of inflation (7r,) uncertainty is as follows

= Ty + WS + 3S + 1sS16S2 + (ho + hi S )e; e,~N(0, 1) (1)
T = Ti—1 + (Qo + O1S1:)v: vi~N(0, 1) (2)

where T; is the trend component, and S;, and S5, are unobserved state variables that determine the
regime, providing a four state regime specification. This Markov switching model has the advantage that
it allows for shifts in both the mean and the variance of inflation and does not presume a smooth
transition from one state to another, an attribute which is likely to characterise uncertainty well given it
can entail sharp changes in beliefs. Results in Table 1, where inflation is measured as the log first
difference of the GDP deflator, suggest i, is insignificantly different from zero, hence p, represents a
shift in mean during high permanent-shock variance and ps3 represents a shift in mean during high
transitory-shock variance. Infrequent permanent shocks are responsible for most of the persistence in the
series, since Qg is much smaller than ;. Our measure of temporary uncertainty used below is the
probability of a high variance state for the transitory shocks, and works like a dummy variable. Likewise
for permanent uncertainty we have the probability of a high variance state for the permanent shocks.

' Kim and Nelson (1999) provide a detailed discussion on the implementation of this type of regime switching model.
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Table 1

Estimation of the inflation model

Parameters Coefficients Standard error
Qo 0.038 0.019%*
O 0.250 0.065%**
ho 0.114 0.018%**
hy 0.074 0.031%%*
1 0.374 0.194*
13 0.329 0.082%*
m —0.694 0.451
Poo 0.949 0.048%**
Pii 0.976 0.018%**
900 0.937 0.066**
q1 0.942 0.055%%*

Log likelihood value=5.054

Notes: Sample period 1962Q4—1999Q4. Lag is one. ** and * indicates statistical significance at 5% and 10% level,
respectively.

As shown in Fig. 1, inflation itself was high from the mid 1970s to the early 1980s, with
intermediate levels in the late 1960s and late 1980s. Increases in the variance of permanent shocks
occurred in the 1970s and early 1980s but permanent shocks have been quiescent since then. In Fig. 2
we see that a high variance of temporary shocks was in evidence in the 1960s, through the 1970s, and
again in the late 1980s. The 1990s saw a low variance of both permanent and temporary shocks. These
patterns may relate partly to the incidence of exogenous shocks, as for example Evans (1991) notes the
correlation between increases in the persistence of inflation and the oil-shock period of the 1970s. It
can be argued that there is also a relation between these measures and central bank policy, in that
uncertainty may be expected to relate inversely to the counter-inflation credibility of the central bank,
which builds up gradually as inflation is consistently subdued. When there is low credibility a one-off
exogenous shock to prices would tend to set off further inflation volatility and persistence as price and
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Fig. 1. Inflation rate (—) and probability of a high-variance state for the transitory shocks (—).
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Fig. 2. Inflation rate (—) and probability of a high-variance state for the permanent shocks (—).

wage setters respond, which would not occur if credibility is high. The resurgence of a high variance of
temporary shocks in the late 1980s suggests that it was only in the 1990s that credibility was firmly
achieved.

3. Investment behaviour

We use the ARDL approach advocated by Pesaran and Shin (1999), which is robust to the
possibility that some of the variables are I(1) and others are 1(0), to consider the relationship between
investment, output and uncertainty proxies. A dynamic relationship for investment of this kind is also
estimated by Darby et al. (1999). We also adopt the bounds test of Pesaran et al. (2001) as this does
not require us to pre-test the variables for unit roots, to reject a spurious relationship between our
variables. Data are quarterly and seasonally adjusted from 1964Q1 to 1999Q4. Real GDP (YB), non-
residential fixed investment (/B), as well as the real GDP deflator (used as an inflation measure) are
from the Bureau of Economic Analysis NIPA Tables. Consequently our model is as follows where
lower case indicates logs and A is the first difference operator.

P q
Aib, = a;(ib,1 — By — B1yb — P,PERM, — B TEMP,) — Y~ 0;dib, — > _ ¢, Ayb,

J=1 J=1

— ) "7APERM, — ) G,ATEMP, (3)
= =

Given inflation uncertainty is latent and proxied by a generated regressor, we utilise the fitted
values of an AR(1) process for inflation uncertainty in our investment function. Estimated
investment functions are contained in Table 2 and we can be satisfied our model is well specified:
our residuals are congruent niid; plots of the cumulative sum of recursive residuals and of cumulative
sum squares of the recursive residuals, suggest that our ARDL specification is stable and hence
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Coefficients Coefficients Coefficients
b, 1.038 (0.026)** 1.039 (0.030)** 1.034 (0.026)**
PERM, —0.236 (0.096)** —0.237 (0.098)** —0.183 (0.093)*
TEMP, —0.309 (0.093)** —0.310 (0.097)** —0.288 (0.092)**
T, 0.017 (0.010)* 0.016 (0.012) 0.022 (0.010)**
i —0.001 (0.011)
Tobin O, 0.145 (0.088)
Ayb; 1.242 (0.146)** 1.242 (0.147)** 1.225 (0.145)**
Ayb, _ 0.663 (0.144)** 0.663 (0.145)** 0.664 (0.143)**
Ayb, _» 0.562 (0.144)%* 0.562 (0.145)** 0.579 (0.143)%*
Ayb, 5 0.641 (0.147)** 0.641 (0.147)** 0.641 (0.146)**
APERM, —0.018 (0.005)** —0.018 (0.006)** —0.014 (0.006)**
ATEMP, —0.023 (0.006)** —0.023 (0.006)** —0.021 (0.006)**
Am, 0.001 (0.001) 0.001 (0.001) 0.002 (0.001)**
Ai, —0.001 (0.001)
ATobin Q, 0.011 (0.006)*

Error correction

o

—0.076 (0.018)**
0.014

—0.075 (0.021)**
0.014

—0.075 (0.018)**
0.014

R? 0.58 0.57 0.58

e 0.629 [0.960] 0.631 [0.960] 1.231 [0.873]
7342) 2.804 [0.246] 2.820 [0.244] 3.358 [0.187]
741 0.009 [0.923] 0.012 [0.914] 0.121 [0.727]
ARDL (1,4,0,0,0) (1,4,0,0,0,0) (1,4,0,0,0,0)
Bounds Test 10.641¢ 8.802% 9.562“
F-statistic {2.86, 4.01} {2.62, 3.79} {2.62, 3.79}

Notes: The regression is based on Eq. (3) using an ARDL specification chosen by Schwarz’s Bayesian Information Criteria with
a maximum lag length of four. Dependent variable is business investment. Variables in lower case are in natural logarithms.
124, 13(2) and yX(1) denote ;> statistics to test for no residual serial correlation, normal errors and homoscedasticity,
respectively, with p-values given in [.]. ¢ is the standard error of the regression. Sample period 1964Q1—1999Q4. Asymptotic
standard errors are given in parenthesis. ** and * indicates significant at 5% and 10% level, respectively. Bounds Test F-statistic
examines whether there is a relationship between the levels of the variables, irrespective of whether the regressors are purely
1(0), purely I(1) or mutually cointegrated, see Pesaran et al. (2001). Critical values in {.}. Superscript * indicates rejections of
null of no evidence of levels relationship.

linear,” and the Pesaran et al. (2001) bounds test F-statistic suggests that there is a non-spurious
relationship between investment and its determinants. We incorporate the level of inflation in each
regression to distinguish any potential impact from the first and second moments of inflation on
investment.

Both the permanent and temporary component of inflation uncertainty in Table 2 have a significant
negative effect on investment in both levels and first differences. The temporary component appears to
present stronger evidence with the coefficient being larger and significant at the 1% level. Inflation itself
is significant at the 10% level. Additionally the real interest rate, based on the yield on 10 year Federal
Reserve Treasury Bills, has a negative and insignificant estimated coefficient. Tobin’s Q may be

2 Available upon request.
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important when examining investment and uncertainty since all market information, including the
volatility of inflation, may be contained within Q (Leahy and Whited, 1996). Q is measured by the sum
of corporate equities and liabilities, from the Federal Reserve Flow of Funds Accounts, divided by the
replacement cost of the capital stock, from the NIPA Tables. Q is not statistically significant, although it
has the correct sign and statistically the equation remains satisfactory. In this instance permanent
uncertainty becomes insignificant at the 5% level whilst the temporary component of inflation
uncertainty continues to be more important, suggesting omission of O cannot account for the
significance of the latter.

4. Conclusion

There is considerable debate into the nature and impact of uncertainty on business investment. Given
recent interest in short- and long-run volatility, we decompose US inflation uncertainty into temporary
and permanent components using the Markov switching approach of Kim (1993), which allows for shifts
in both the mean and variance of inflation. We find evidence that both permanent and temporary
components of inflation uncertainty are important, although the evidence points to the greater
importance of the latter, consistent with Chadha and Sarno (2002). This suggests that while a credible
counter inflation policy generally is warranted, monetary policy should be most concerned with avoiding
protracted periods of temporary uncertainty. Furthermore, it concurs with the growing uncertainty
literature that implies that investment functions based on traditional levels variables are subject to
omitted variable bias.
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