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Fig. 4(a) Spatial Density: Random Walk + Drift (5%)
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This can be explained by noting that if M(r) = br + B(r) is Brownian motion
with drift, then dM = bdr + dB, so that (dM)? = (dB)? = dt and the quadratic
variation process of M is the same as that of B, i.e. [M], = [B], = [i (dB)*. Then

Lot (rs) = lim%/orl(]M(t)—s]<e)d[M]t
= dim— [T1(B@)— (s — bt) | < &)t

and the sojourn time of M at s can be regarded as a version of the sojourn time of
Brownian motion recentred around the drift.
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4. Empirical Applications

4.1 Exchange Rate Data and Target Zones

Exchange rate data under floating regimes typically behave as if they have no fixed
mean and are usually well represented by unit root processes. Intermediate between
fixed and flexible exchange rate regimes are target zone systems where exchange rates
are permitted to float within bands. This exchange rate mechanism was operated
by the European Monetary System (EMS) over the 1980’s and 1990’s. For most
countries in the EMS, the bands were set at £2.25% around a central parity that
was occasionally adjusted by currency realignments. Such exchange rate target zones
have been the subject of considerable research. A theory model for exchange rate
target zones was developed by Krugman (1991, 1992) and has formed the starting
point in much of the subsequent research on this topic. This model allows for the
determination of the exchange rate within the band in terms of a nonlinear function
of economic fundamentals which are represented by Brownian motion. The nonlinear
function arises because of the presence of monetary policy intervention designed to
keep the exchange rate in the band. It has an S—curve shape and approaches the
edge of the band in a smooth tangential fashion that is characterized as ‘smooth
pasting’ (Dixit, 1995). One of the empirical implications of this theory is that the
distribution of exchange rates within the band should be U—shaped, so that there is,
in effect, a greater concentration of observations closer to the edge of the band than
in the center of the band.
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The empirical evidence in support of this implication of the target zone model
can be assessed by using our spatial density approach. Fig. 5(b) shows the French
Franc/German mark exchange rate from March 1979 through to March 1992 in terms
of deviations from the central parity at the beginning of the period. This data was
used by Svensson (1992) in his review of the target zone literature. The +2.25%
bands around the central parity are shown by broken lines in this figure. Succes-
sive realignments in the central parity are also shown, occurring in September 1979,
October 1981, June 1982, March 1983, April 1986 and January 1987. All of these
realignments devalued the franc against the mark. Combining all these periods, Fig.
5(a) gives the spatial density of the exchange rate deviations from the central parity.
The figure shows strong evidence of bimodality in the data, revealing a clear peak in
spatial density at the lower edge of the band around —2%. The remainder of the data
appears to be spread out fairly evenly over the positive region of the band [0,2.25] .
These results provide partial support for the conclusion from the target zone model
that exchange rates should tend to cluster near the edges of the band. However, the
spatial density is clearly not U— shaped, and there appears to be a strong tendency
in these data for the exchange rate to spend a good deal of time in the center of the
band as well as near the edges, a feature that is also fairly evident in the time plot
of the data. What the spatial density in Fig. 5(a) adds to a close examination of the
time plot of the data is a quantitative evaluation of the relative importance of differ-
ent spatial locations, precisely the matter that needs to be addressed in considering
the empirical implications of the target zone theory model. Thus, while the target
zone model is rejected, it appears that there are some implications of the model that
do find support in the data.

4.2 Inflation Data: Measuring Inflation and Deflation Hazards

Fig. 6(a) shows annual CPI inflation rates for the US based on monthly data for
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the CPI over the period 1934:1-1997:12. The time plot shows several periods of two
digit inflation, periods of deflation and substantial volatility in inflation, especially at
higher rates. Fig. 6(b) gives the spatial density estimate and reveals a primary con-
centration of variation around the 1%-6% inflation rate, a mode around 9% inflation
and a further mode indicating a peak in deflation around -2.5%.
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Fig. 6(a) US Inflation 1934-97
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Fig. 6(b) Spatial Density of US Inflation 1934-97

Figs. 6(c) gives hazard rate estimates for US inflation. Inflation hazards clearly
peak at low levels (around 3%), intermediate levels (around 6%) and low two-digit
levels (around 10-12%). The 3% and 10-12% peaks are both statistically significant
and there is a fall off in the hazard rate around 8%, between the peaks. The rising
hazard around 16% is insignificant and can be ignored, being dependent on only a
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few observations. Overall, these estimates indicate that, conditional on there being
inflation, historical experience over the last 60 years in the US indicates that the

predominant inflation risks are at low levels and low two-digit levels.
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Fig. 6(d) US Deflation Hazard 1934-97

Figs. 6(d) gives hazard rate estimates for US deflation. These are based on
an estimate of the left sided hazard function (21). The unbroken line in Fig. 6(d)
measures the conditional risk of inflation at a particular rate, given that inflation
is no greater than that particular rate. Thus, when that inflation rate is negative,
the curve measures the conditional risk of deflation. The estimates shown in Fig.
6(d) indicate that there is a significant risk of deflation around the —1% level. The
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risk then falls off and subsequently rises again to another peak around—3.5%., This
peak and the subsequent higher rates of deflationary risk are statistically insignificant
and are based on only a single episode of high deflationary rates experienced in the
interwar period. In sum, we may take these estimates as indicative of a non-negligible
risk of low levels of deflation (around —1%) based on historical US experience.

4.3 Opinion Poll Data: Nixon and Clinton approval ratings

We end this empirical section with a brief application to political opinion poll data.
Like many economic time series, there is substantial evidence that presidential opinion
poll data are well modeled by unit root processes (e.g. Blood and Phillips, 1995 ,
1997). As such, this type of data is amenable to the type of descriptive statistical
analysis considered in this paper. In some respects, our approach is particularly useful
with data of this type because the data is usually not equally spaced in time, making
conventional discrete time modeling difficult. Figs. 7(b) and 8(b) show opinion poll
data for the Nixon and Clinton presidencies. From these data, the spatial densities
were computed and are shown in Figs. 7(a) and 8(a).
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As is apparent from the time plot of the data in Fig. 7(b), the latter part of
the Nixon presidency was characterized by a sharp falling off in the ratings as the
Watergate crisis fulminated. For obvious reasons, Nixon approval ratings do not
follow a stationary process. Nevertheless, we may conduct a spatial density analysis
along the lines we have discussed. The spatial density estimate shown in Fig. 7(a)
manifests the phenomenon of the effects of the fulminating Watergate crisis on the
Nixon presidency in a remarkably clear bimodality in the Nixon approval ratings,
with a significant lower mode in approval around 25%.
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Fig. 8(a) Spatial Density of Clinton Approval Ratings
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Fig. 8(b) gives a time plot of the approval ratings for President Clinton, up to
November 1997, prior to the breaking of the Lewinski scandal. The spatial density
of Clinton approval ratings are shown in Fig. 8(a). Apparently, it is hard to reject
that Clinton approval ratings are uniformly distributed over the region [40%,60%] ,
indicating a clear difference in the spatial distribution of approval ratings between
the two presidencies. Obviously, it will be of interest to use these methods to assess
the effects of the Lewinski scandal on the spatial distribution of Clinton approval
ratings.

5. Concluding Comments on the Relation to Nonpara-
metric Methods

Fconometric work, like other applications of statistics, involves data reduction. Even
descriptive techniques, like the spatial densities and hazard rates that are applied
here, necessitate a loss of information. Their usefulness comes from the need to
discover regular features of the data and convenient means of expression for them,
tasks that seems to be much more difficult for nonstationary data than they do for
stationary data. However, while we no longer have a framework of time invariant
characteristics to rely upon when the data are nonstationary, we can find convenient
quantitative representations of their sample characteristics without being dependent
on the use of a specific model. Thus, whereas we no longer have fixed population
moments or a time invariant probability density to rely upon, we do have a well
defined concept of spatial location that has meaning beyond the immediate sample
data. Our analysis shows that it is possible to construct quantitative measures of
spatial density and apply these measures in an informative way to a variety of different
data sets. Once this has been done, it is possible to use these measures in further
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constructive ways to estimate interesting functionals of spatial densities like hazard
functions.

The techniques discussed and illustrated in this paper have a certain role to play
in the ongoing evolution of econometric methods. In recent years, much of econo-
metrics has been concerned with an attempt to achieve generality wherever possible,
without sacrificing specificity where it connects most closely to underlying economic
ideas. One way of attaining generality that has become increasingly popular in both
microeconometric and time series studies is the use of nonparametric and semipara-
metric techniques. These techniques seek to avoid precise formulations or specific
functional representations wherever generality is considered desirable and, thereby,
it is hoped that the techniques will sit more comfortably with abstract propositions
of economic theory. Nevertheless, existing validation of the use of these techniques
has rested on the presence of invariant functional quantities, like a probability den-
sity or a spectrum, that can be estimated. What the methods of this paper show
is that the notion of a general nonparametric approach to data analysis continues
to retain validity even when the data are manifestly nonstationary and there are no
underlying time invariant quantities to estimate. What changes is not the approach
to data analysis, but the interpretation of the empirical quantities that emerge from
a nonparametric analysis. For nonstationary series, these quantities simply reflect
variational decompositions across space rather than probability decompositions.

6. Notation

—a.s. almost sure convergence =,—,; weak convergence
—p convergence in probability [] integer part of
=4 distributional equivalence rAS man(r, s)

B (r) Brownian motion = equivalence

BM (0?) Brownian motion with variance 0> 0,(1)  tends to zero in probability
1(A) indicator of A 04.5.(1) tends to zero almost surely
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