INTEREST RATES AND PRICE MOVEMENTS

By GEORGE TZOANNOS (Ph. D.),
Graduate School of Industrial Studies

The purpose of this paper is to critically survey some methods by which price expec-
tations and real interest rates are obtained from regressing market interest rates
on past price changes. Some further empirical findings are reported, supporting and
expanding previous evidence. The use of modern econometric techniques is shown to
improve our understanding of the relationship between interest rates and price
changes and to clarify its theoretical underpinnings. The strength of this relation-
ship in the after — 1960 period is confirmed for all nominal interest rates chosen
and most price indices used.

The surge of inflation that took place in most countries after 1960 has rekindled
our interest in the formation of price expectations. It is now recognized that expected
prices should enter the investment and consumption function as well as many other
important economic relationships. Hence the need for estimates of expected prices.
There are several methods by which such estimates may be obtained. The approach
employed in this paper is based on the relation between observed interest rates and
changes in commodity prices. By regressing market interest rates on current and past
price changes estimates of expected inflation can be obtained. These may be used
then to get an estimate of the real interest rate. The relevant theoretical framework
has been developed by Fisher (in [7]) and -is given by the following relations:
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where

RN= nominal interest rate

RR= real interest rate

RR= equilibrium real interest rate
P= price level

U= stochastic disturbance

The superscript (e) denotes an expected value and the dot the rate of change.
Equation (I) states Fisher’s hypothesis about the relation between nominal interest
rates and price changes. Equation (2) specifies the formation of price expectations
and eq. (3) helps to form the hypothesis usually tested.

The last term of eq. (I) is ignored in empirical tests since it is, in most cases, very
small in magnitude. Substituting then (2) and (3) into (1) yields:

AP ti
P

RN, = RR +

s

a; + U, (4)

|

It is assumed that there is no feedback effect from the interest rate to price chan-
ges and, furthermore, that RR is a constant interpreted as the long-run real rate of
interest. Both assumptions have not gone unchallenged. The former is tantamount to
taking the price change as exogenous, a procedure which can be considered at best
an approximation. As for the latter, Mundell (in [10]) and Cagan [2] have challenged
on theoretical grounds the Fisherian premise that the (expected) real rate is constant
over time. Recent empirical work, for example, by Elliott and Carlson [5], has fur-
ther undermined the validity of this assumption’. Accordingly, the performance of re-
lation (4) ought to be appraised with some reservations.

Several methods have been employed for testing eq. (4). They can be grouped
into three categories. The distinguishing feature of the first one is the type of distri-
buted lag used to estimate the expected price change. For the second group, the di-
stinguishing feature, is the adjustment of the historical data — e.g., “discounting”
them by the contemporaneous unemployment rate —, undertaken on the premise that
economic agents form expectations by considering both past price changes and gene-
ral economic conditions®. In the third set, emphasis is given to the weights attached
to the observed price changes; that is, the coefficients of the price terms themselves,
(the a’s), instead of the data, are adjusted there in an effort to improve the expecta-
tions mechanism (see [6]). Attention is given in this paper only to the methods of the
first group®. On the basis of the lag scheme used to approximate the expected rate of

1. Additional papers on this subject can be found in the June 1977 issue of the American Econo-
mic Review (vol. 67, No. 3).

2. This approach is analyzed and implemented in [1].
3. For a discussion of the other methods see [16].
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price changes one can discern four main methods or models belonging to this group:
1. the uncostrained lag
2. the geometric lag
3. the Pascal lag
4. the polynomial lag
In the following sections I give a brief critical evaluation of these methods and
present some further empirical results based on the above techniques.

I. The Unconstrained Lag Method

The method of unconstrained lag suggests that we make use of the following re-
gression model:

RN, =RR +a,P, +a,P +...+a,., P +U, (5)

where the weights are given by the a; (i=1, ..., n) coefficients and RR captures the
equilibrium real interest rate. The advantage of equation (5) is, on the estimation si-
de, that there is no a priori constraint on the shape of the distribution formed by the
estimated coefficients and, on the analytical side, its simplicity. Its disadvantage is
that it can not avoid autocorrelation and multicollinearity. Gibson (in [8]) ran this re-
gression against U.S. data and obtained unsatisfactory results characterized by little
explanatory power (i.e., low R?) and statistically insignificant coefficients. Meiselman
[9] introduced a slightly different model, in which the interest rate varies directly
with the difference between expected and actual prices:

RN, =RR + 3,(P{ - P) + U, (6)

The performance of (6) as well as its logarithmic version were disappointing. Only
when the sample period is confined to recent experience (1950’s and, particularly,
1960’s), is the explanatory power of (5) improved and the number of significant a;'s
increased. Specifically, using montly data for the period 1952-69 Yohe and Karno-
sky were able to report for the first time short lags and rather high coefficients of de-
termination, ranging from 0.59 to 0.63 [17]%. In an effort to confirm the above men-
tioned findings and to test whether they hold true when the period is extended to
include the years 1970-74, regression analysis of model (5) was performed using
quarterly data for the period 1947 (1) - 1974 (IV). The dependent variable is Moo-
dy’s average of corporate bond yield, taken from monthly issues of the Survey of
Current Business; rates of change of the deflator for personal consumption expendi-
tures are taken as the independent variable. Ordinary Least Squares (OLS) estima-

4. The previously reported lags were very long, a feature that rendered them implausible on several
grounds; for a vigorous discussion of these grounds see Sargent [13].
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tion was initially performed; it produced substantial evidence of autocorrelation of
the residuals. To remove the undesirable consequences of autoregression, the
Cochrane-Orcutt iterative technique (hereafter denoted by CORC) was employed [3].
Tables 1 and 2 present results which suggest that:

TABLE 1

Estimated coefficients of the relationship between interest rates and price changes
when an unconstrained distributed lag is employed
Time period: 1951 (II) — 1974 (1V)

Estimator : OLS CORC
Lag a; t-stat. a; t-stat.
0 0.342 3.8 0.029 2.0
1 0.044 0.5 0.047 3.7
2 0.072 0.8 0.065 5.4
3 —0.045 0.5 0.062 5.2
4 0.022 0.3 0.042 3.8
5 0.059 0.7 0.046 4.0
6 0.049 0.6 0.050 4.2
7 0.068 0.8 0.036 3.0
8 0.047 0.6 0.026 2.0
9 0.088 1.1 0.036 2.7
10 0.063 0.8 0.043 3.7
11 0.088 {19 | 0.043 3.6
12 —0.009 0.1 0.022 1.9
13 0.033 04 0.009 0.9
14 0.019 0.2 0.013 1.2
15 0.045 0.6 0.015 1.4
16 0.000 0.0 0.013 1.2
17 —0.024 0.3 0.010 1.0
sum: 0.956 0.961
Constant: 2.89 (t=9.4) 5.08(t=8.1)
R? :.630 ' 933
SEE :1.23 0.17
DW. :0.16 1.42

SOURCE: Equation (5).in the text.
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TABLE 2

Estimated coefficients of the relationship between interest rates and price changes
when an unconstrained distributed lag is employed

1952 (I) — 1960 (IV)

Estimator OLS CORC
Lag a; t-stat. a; t-stat.
0 0.193 1.3 0.003 0.1
1 0.185 1.4 0.033 0.7
2 0.057 0.4 0.045 Ll -
3 —0.103 0.9 0.045 1.0
4 —0.075 1.2 0.029 0.9
5 —0.012 0.1 0.024 0.7
6 0.005 0.1 0.023 0.8
7 —0.063 1.3 0.011 0.5
8 —0.061 1.3 0.001 0.0
9 0.006 0.1 0.015 0.6
10 0.033 0.7 0.022 0.9
11 0.031 0.7 0.029 1.0
12 —0.036 0.8 0.015 0.6
13 —0.053 1.1 0.001 0.1
14 —0.050 1.0 0.003 0.1
15 —0.027 0.6 0.000 0.0
16 —0.048 1.1 0.002 0.1
17 —0.050 1.1 0.005 0.2
18 —0.084 1.9 0.003 0.2
19 —0.038 0.8 0.001 0.0
20 —0.014 0.3 0.004 0.3
21 —0.021 0.5
22 —0.099 2.2
23 —0.086 2.0
24 —0.053 1.2
Sum: —0.462 0.314
Constant: 4.98 (t=6.1) 4.37 (t=4.7)
R%; .833 967
SEE: 0.47 0.18
D.W.: 0.55 1.26
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1961 (I) — 1974 (1V)

OLS CORC
_LEE.. a; t-stat. a; t-stat.

0 0.102 24 0.045 Z1
1 0.046 0.9 0.044 2.1
2 0.082 1.6 0.078 3.7
3 0014 0.3 0.057 2.6
4 0.046 0.9 0.023 1.0
5 0.089 1.6 0.051 2.1
6 0.117 2.1 0.096 4.0
7 0.128 _ 2.3 0.068 2.6
8 0.148 2.6 0.068 2.1
9 0.154 2.7 0.083 24
10 0.102 1.7 0.077 23
11 0.073 1.2 0.046 1.5
12 0.005 0.1 0.039 1.5

Constant: 343 (tz 336) 4.55 (77)

R2: .964 .990

SEE: 0.35 0.18

D.W.: 0.43 1.30

SOURCE: Equation no. (5) in the text.

(a) The relation between interest rates and price changes seems to be unstable; a
break in the way price expectations are formed appears to have taken place and/or
the extent to which nominal rates are affected by expected prices is different in the
1960’s and 1970’s from that prevailed in the 1950’s®. This break appears to have
occurred some time at the end of 1960 and the beginning of 1961. Some results
(which can be made available on request) indicate that a similar but weaker break
took place in 1965.

(b) There is a marked difference between the two subperiods as far as the statisti-

5. Estimates derived from the two subperiods seem to belong to different parameter spaces, a fea-
ture which is confirmed by a Chow test (as described in [4]) on coefficients obtained with the
Cochrane-Orcutt technique. The implication is that the two subperiods are structurally different.
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cal significance of the estimated coefficients is concerned.

Almost none of the coefficients (of both OLS and CORC type) obtained for the
subperiod 1952-60 pass the test of statistical significance at the 0.05 level. The situa-
tion is reversed when the subperiod 1961-74 is examined (Table 2).

(c) The length of the distributed lag is considerably shorter in the latter period,
suggesting that expectations are formed and revised faster after 1960.

(d) A stronger relationship between interest rates and price changes in the more
recent period is implied by the fact that the sum of coefficients — reflecting the total
impact of price changes on interest rates — is significantly higher in this period (see
Table 2). The sensitivity of the 1950-60 regression to even small changes in the sam-
ple period is high, a feature which confirms the weakness and instability of the above
relationship in the 1950%.

(e) According to Fisher’s hypothesis the sum of the price term coefficients should
be 1. His hypothesis is not rejected for the second subperiod. This also holds for the
whole period, owing to the dominant influence of the recent years. However, it is
clearly rejected for the 1950s.

(f) Autocorrelation in the residuals is present in the regressions estimated by
OLS. Comparing these regressions with those estimated by the Cochrane-Orcutt me-
thod reveals that autocorrelation is responsible for holding down the explanatory po-
wer of the OLS equations and for rendering many coefficients estimated by OLS sta-
tistically insignificant, not to mention that OLS estimates frequently have a theoreti-
cally wrong sign.

g) The time pattern of the impact of past price changes on interest rates is not
clear; it appears, in general, to be diminishing as time passes but is not “single pea-
ked™.

On the basis of these results one can conclude that the method of unconstrained
lag, though it may be useful, is less than satisfactory mainly, because of long lags
and poor estimates in the 1950’s. '

2. The Geometric Lag Method

Such a model is specified as follows:

o AP
RN, =RR + \ a, =
= pt-i-l

+ U, )

where a; = yA' , iz0 s A <1

The weithts are constrained to decline geometrically, thus giving rise to an extra-
polative expectations model since past price changes are extrapolated into the future.
The geometrically decaying lag is also known as a Koyck lag. The parameter A indi-
cates the rate at which the weight of past inflation rates on current expectations de-
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clines in time. It is worth noting that A=1 means that the lagged terms never decay
at all, A=0 that only the current inflation rate has any effect on expectations and
A>1 that more distant rates of inflation have more bearing on current expectations
than less distant lagged terms. The last case is, of course, inconsistent with the extra-
polative expectations hypothesis.

Expression (7) contains an adaptive expectations mechanism; this can be shown
from the following:

n APr-i 2 ; APt-i
Pf = ¥ & = g = 2
f=i} P Y =) P :

which defines expected prices on the basis of (7). Using the well-known Koyck trans-
formation, we obtain

AP
Pi=y— +APY, ©9)
Pt-l
which in turn yields
AP
e =7—PJ — NP (10)
t-1

Expression (10) indicates that current expectations are adjusted in light of the er-
ror made in predicting inflation. Hence, equation (7) can also be interpreted as an
adaptive expectations model.

Application of the Koyck transormation to (7) produces another version of the
geometric lag:

AP,
RN, =RR +y—— +ARN,, (11)

t-1

which has the advantage of avoiding multicollinearity present in the lagged price
change terms of (7).

Several researchers have employed the geometric lag method. Sargent has estima-
ted eq. (7) for both long-term and short-term interest rates and has obtained A=
0.91, R’= 0.828 and A= 0.99, R?= 0.536, respectively, using annual U.S. data for
the period 1870-1940 [12). Large values of A imply very long distributed lags and,
therefore, expectations which are very slowly formed. As for the R%’s, they may sim-
ply reflect the correlation between interest rates and the price level that characterizes
the relevant data. Sargent has produced results which demonstrate that failure to
make the real rate statistically independent of current and lagged rates of inflation
forces the estimated a;'s to form a very long lag, even if the true a;’s form a short lag
distribution [11,14]. Equally disappointing results were reported by Yohe and Karno-
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sky, who (using monthly data for the period 1952-1969) obtained decay coefficients
which were larger than one for both short and long-term interest rates®.

TABLE 3

Estimates of the interest rate — price change relation obtained from the geometric lag

model

Equat. Period: 1947 (III) — 1974 (IV)

1 OLS : RN,= 1.005 RN,, +0.019 P,— 0.0002
(104.76) (3.40) (0.44)

Period: 1947(III) — 1960 (1V)
2 OLS : RN,= 1.004 RN, +0.006 P,+ 0.00008
(37.36) (1.06) (0.08)

3 CORC : RN, = 0983 RN,, +0.002 P,+ 0.0009
(26.66) (0.39) (0.67)

Period: 1961 (I) — 1974 (IV)
4 OLS : RN,= 00954 RN,, +0050 P,+ 0.002
(42.68) (4.33) (1.73)

5 CORC : RN, = 0947 RN,, + 0.048 P ,+ 0.003
(31.82) (3.38) (1.56)

Period: 1947 (IHI) — 1965 (IV)
6 OLS : RN,=0993RN,; +0.006 P,+ 0.0004
(55.37) (1.24) (0.56)

R2=10.9923
D.W. =1.3389

R?=0.9647
D.W. = 1.4708

R?=0.9667
p@=0.305
D.W. = 1.8376
MEAN LAG "™ = 57.82

R?=0.9874
D.W. = 1.3812
MEAN LAG" = 20.74

R? = 0.9882
p®=0.312
D.W. = 1.8139
MEAN LAG® = 17.87

R?=0.9782
D.W. = 1.4415
MEAN LAG®™ = 141.86

6. See [17]. Only when they divided the sample period into two parts, 1952-60 and 1961-69, were

they able to get decay coefficients of less than unity.
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Period: 1966 (I) — 1974 (IV)
7 OLS : RN,=0914RN,, +0.049 P, + 0.005 R2=0.9705
(26.64) (3.56) 231 D.W. = 1.4550

MEAN LAG®™ = 10.63

(a) Autocorrelation parameter, which is statistically significant at the 0.05 level in all equations.
(b) Computed from A/(1-1).

Employing the same data as in the preceding section, I ran the geometric lag mo-
de. in the version given by equation (11). The most important statistics are presented
in Table 3, from which we can draw the following implications:

(a) OLS estimation applied to the entire post-war period as well as to the first
subperiod produces decay coefficients that are slightly greater than one, for which it
is difficult to find any theoretical justification (see equations 1 and 2)’; taken at face
value, they suggest that the effect of lagged price changes does not decay. These
results are in line with those reported by Yohe and Karnosky.

(b) There are some periods for which OLS estimation yields decay coefficients
which are close to unity; these periods are 1947-65 and 1961-74 (eq. 4 and 6). Al-
though they are acceptable, they still imply implausibly long lags. These features also
hold true for the Cochrane-Orcutt estimation of the 1947-60 and 1961-74 periods
(eq. 3 and 5).

(c) Plausible lags are obtained only for the 1966-74 period, for which the decay
factor is 0.914 (eq. 7).

(d) Judging by the t-statistic and the estimated coefficient, there is a marked dif-
ference in the effect of the contemporaneous price change (the P = AP/P variable)
between the two subperiods. Concurrent rates of inflation exert a stronger influence
in the later subperiod than in the earlier one.

(e) The goodness of fit appears to be quite satisfactory; this can be attributed
mostly to the presence of a lagged dependent variable on the right-hand side of the
equation. It should be noted that application of the Cochrane-Orcutt technique nei-
ther improves considerably the goodness of fit nor changes appreciably the estimated
values of the parameters.

On the basis of the above findings one is led to the conclusion that the usefulness
of this model is severely limited. The long lags, implied at least up to 1965, render it
difficult to obtain estimates of expected price changes. Accordingly, the geometric lag
method is seldom used to separate real interest rates from nominal ones.

7. The effect of the distributed lag is captured by the lagged dependent variable which is present
on the right-hand side of equation (11). Therefore, few observations are lost and the test period could
begin with 1947 (III).
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3. The Pascal Lag Method s9

This model combines Fisher’s basic equation with a Pascal-type of distributed lag
and is given by the following expression:

RN, = RR L Um P, + U, (12)
(1—pL)"

where L is a lag operator defined by LP, = P, , r is the order of the Pascal
distribution and p a parameter with certain economic meaning (to be explained be-
low). The weights (a;’s) are given by

B i+r—1 i o g s (i+r—1)! (=)' (13)
a.'—(—-T——)(—-H) M——“—(T_—l—)? —1)" H

for i= 0, 1, 2, .... and r>0

Expression (13) is a Pascal distribution showing the probability that the r™
success will occur on the (r+i)™ trial. Alternatively, we may say that it shows the
number of trials until the r'" success. The weights can be treated as probabilities a;
(u, r) where:

1-u= probability of a “success”, constant from trial to trial, given that 0 < p < 1,
r= a specified number of successes,
i= number of independent trials.

How can we interpret these weights in the context of the formation of inflationary
expectations? The interpretation I will offer is based on Sinai [15]. Suppose that r in-
dicates the proportion of investors who shift their focus from the actual rate of infla-
tion to a new expected rate. Let r= 1, 2, 3, 4 be, for example, 25%, 50%, 75% and
100% of the investors. Assume, furthermore, that 1-p is the probability that a single
investor reaches the above threshold level of shift and take this probability to be con-
stant from period to period. Then the Pascal distribution gives the probability that,
say, 25% (i.e., r=1) of investors will reach their threshold level of expectation forma-
tion by the first period, second period, etc. The weights a; (u., r) of the distributed
lag are, therefore, the probabilities describing the formation of expectations.
Furthermore, when a Pascal lag is of specified order, alternative distributions are
summarized by a single parameter which is pu. Then (1-p) indicates the speed of
adjustment of expectations to new information. This means that, the lower p is — or,
equivalently, the higher is the probability, (1-u), that an individual will reach the
threshold of reaction to an actual change in inflation —, the less important are past
(increasingly remote) inflation rates in determining current inflation expectations. Al-
ternatively, we can put it in terms of a “permanent” theory of expectations:
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... the more quickly investors perceive a change in in-
flation as being permanent, the more influence recent
values of inflation have on inflation expectations . ...»

My experimentation with Pascal lags produced the following results: the higher
the order (r) of the distribution, the larger the mean and variance of the distributed
lag weights. This was to be expected since the mean lag of a Pascal probability di-
stribution is given by

ru
(14)
(1—-p)
and its variance by
s
(15)
(1—p)?

A larger r means an increase in the proportion of investors who must reach a
threshold level of shift before any major change in expectations occurs and a len-
gthening of the period in which larger numbers of investors do so’. For the entire pe-
riod as well as for most subperiods, a second — order lag produced the best fit of
equation (12). This may be attributed to two facts: first, that the shape of higher
(than the second) order distributions is hardly different, and, second, that the peak
response to a price change is constrained to come about with a considerable delay as
r increases. As far as the parameter p is concerned, its optimal value was found to
depend upon the particular sample period chosen. An exhaustive search produced a
range of optimal values which extended from p= 0.75 to u= 0.86 (depending on the

sample period). As explained above, (1-p) may be interpreted as the probability that,
in a given period, an individual will react to a change in the actual rate. The higher is

(1-u), the faster is the reaction of an investor to such a change. Since this probability
was estimated to be between 0.14 and 0.25, it suggests considerable delay and hesita-
tion on the part of the public to let a change in actual inflation affect expected infla-
tion. My findings did not support Yohe’s and Karnosky’s claim that results obtained
with a second-order lag were not appreciably different from' those obtained with the
adaptive expectations model, which is in effect a Pascal lag model of first-order. In
Table 4 I present statistics obtained from regressing nominal interest rates on expe-
cted prices generated by a Pascal distributed lag. Some comments on the relevant re-
gressions are in order:

8. Sinai [15], p. 28.
9. In other words, as r increases, it takes longer for the peak of the distribution (i.e., the peak re-
sponse) to come about; accordingly, the effect of the lagged terms decays at a slower pace.
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(i) Introduction of the Cochrane-Orcutt adjustment leads to a substantial, and some-
times dramatic, improvement in the explanatory power of the equations. However,
comparing CORC regressions with OLS ones reveals that this is accomplished at the
expense of obtaining higher estimates of the real interest rate (which reach the unrea-
sonable level of 6.3 percent for the entire 1951-74 period) and/or lower coefficients
concerning the impact of expected prices on market interest rates. These coefficients
are 30 to 50 percent lower than those generated by OLS.
(i) If we ignore the sub-period 1951-60, we see that OLS estimation produces expe-
cted price coefficients which are close to unity (or not significantly different from
unity). On the contrary, the auto-correlation adjustment generates coefficients which
are persistently below unity, implying less than full adjustment of nominal interest ra-
tes to expected prices.
(iti) The adjustment to expected prices is larger in the 1961-74 subperiod than in the
1951-60 one. In the early period, the relationship between interest rates and expected
prices is weak or even negative.
(iv) Although the best value of p seems to depend on the sample period used, it is
fair to say that a value of 0.78 for p is bound to generate quite satisfactory results.
On the basis of the above remarks, one can conclude that the Pascal method is
superiod to all models examined thus far in several respects (e.g., it produces short
lags with good statistical fit and meaningful coefficients). Nevertheless, there remain
some aspects in which this model is somewhat unsatisfactory. That is to say, the im-
provement of the CORC equations vis-a-vis the OLS counterparts is gained at the
cost of possibly distorting the estimates of the real interest rate and the expected pri-
ce. Accordingly, there is still room for improvement in the statistical estimation of
the relationship between interest rates and expected prices. The search for further im-
provement leads us to the polynomial lag method.

4. The Polynomial Lag Method

The introduction of the polynomial distributed lag (PDL hereafter) into the nomi-
nal interest rate equation gives rise to a new model of expected inflation, which can
be written as follows:

h
RN, =RR + N a;P,+U, (16)
1=0
K v
wherea; = ) g;i',i=0,1,2,... ,n
=0
a, =0 fori=n + 1, n+2,...

The weights follow a finite polynomial of order n and degree K and are made to
lie along a K" degree polynomial curve. The major advantage of this lag is its ability
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to reduce multicollinearity among the price change terms, thus helping us to identify
the exact parameters associated with each independent variable. Nevertheless, the po-
Iynomial (or Almon) lag does not eliminate inconsistency, which may be present if
the residuals (U /s) are autocorrelated. Hence the need to combme the Almon lag
with the Cochrane — Orcutt correction.

Empirical evidence presented by Yoge and Karnosky [17] suggests that intro-
duction of PDL may improve the performance of Fisher’s equation (i.e., eq. 4). Since
my findings were mostly in line with theirs, I will not comment on their study except
for divergent findings. Tables 5 and 6 present results from which one can draw the
following implications:

(a) The explanatory power of the PDL equation fitted to the whole period, 1951-
74, is quite satisfactory. An examination, however, of the subperiods reveals that this
is due to the superior fit of the subperiod 1961 (I) — 1974 (IV) (see Table 6). The
difference between the regressions for the two subperiods is not limited to their stati-
stical fit but is even more profound when one looks at the estimated coefficients.
Most coefficients are negative and statistically insignificant when the regression is
run with 1950-60 data; on the contrary, estimation of the second subperiod turns out
positive and statistically significant coefficients.

(b) PDL as well as PDL-CORC (i.e., PDL combined with Cochrane-Orcutt itera-
tion) produces lags which are shorter than those implied by most other estimating te-
chniques. The mean lags implied by the equations of Table 6 are'?:

Period Estimating Technique Mean Lag (in quarters)
1951-1960 PDL 8.4
» PDL-CORC 6.7
1961-1974 PDL 6.3
» PDL-CORC 6.4

These figures provide some support to the view that faster formation of price expe-
ctations and/or more powerful price effects on interest rates characterized the 1961-
74 period.

(c) The data reject the Fisherian hypothesis for the 1951-60 period but they lend
support to it for the 1961-74 period. Further tests for the 1966 (I) — 1973 (III)
subperiod reveal that it conforms particularly well to a Fisherian world since the sum
of coefficients is very close to unity; this implies that a given increase in the expected
rate of inflation will be fully reflected in the nominal interest rate. It is worth noting

h h
10. The mean lag is defined as > ia; /‘\'d aj.
=
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TABLE 5

Estimated coefficients of the relationship between interest
rates and price changes when a polynomial distributed lag is
employed

1951 (II) — 1974 (IV)

PDL PDL-CORC
Lag aj t-stat. a; t-stat.
0 093 4.6 032 3.0
1 .090 6.1 .040 5.1
2 087 8.0 046 6.8
3 .083 9.0 049 7.1
4 080 8.2 .051 6.8
5 076 6.9 .051 6.5
6 071 5.8 050 6.1
7 .067 5.1 .048 5.7
8 .062 4.6 044 5.2
9 .057 4.3 040 4.7
10 .052 4.0 .036 4.1
11 .047 3.7 .031 35
12 .041 3.2 .026 3.0
13 036 2.4 021 2.6
14 030 1.6 .017 2.2
15 024 1.0 .013 1.9
16 ‘ 010 1.6
17 009 1.2
Sum: 997 614
Constant:  2.81 (t= 6.3) 5.28 (t= 8.0)
Mean Lag: 5.9 quarters 6.7 quarters
R?: 0.558 0.992
SEE : 1.23 0.17
D.W. : 0.03 1.48

SOURCE: Equation (16) in the text.



TABLE 6

Estimated coefficients of the relationship between interest
rates and price changes when a polynomial distributed lag is
employed

1951 (I) — 1960 (IV)

PDL PDL-CORC
Lag a; t-stat. a; t-stat.
0 —.054 1.05 .010 0.72
1 —.049 1.19 .018 1.21
2 —.015 0.60 .028 1.89
3 007 0.28 032 2.38
4 .009 0.36 030 2.57
5 —.005 0.23 .023 2.23
6 —.022 1.01 015 1.64
7 —.033 1.54 008 0.95
8 —.035 1.70 006 0.71
9 —.027 1.20 .010 1.20
10 —.015 0.68 019 227
11 —.005 0.29 027 2.89
12 —.002 0.12 .010 1.27
13 —.009 0.41
14 —.024 1.16
15 —.042 - 1.19
16 —.061 1.53
Sum: —0.384 0.237
Constant: 4.56 5.49
Mean Lag: 8.4 quarters 55
R?% 0.208 0.967
SEE: 0.627 0.126

D.wW. 0.14 1.45



1961 (I) — 1974 (1V)

PDL PDL-CORC
Lag  a; tstat. a tstat.
0 .091 2.44 047 2.30
1 070 1.75 .052 2.59
2 049 1.69 .068 3.83
3 040 1.43 062 3.64
4 050 2.00 .049 2.94
5 .076 2.81 .049 2.73
6 .109 4.37 .065 3.54
7 .138 4.71 .086 3.82
8 151 5.60 .094 3.68
9 142 4.69 .086 3.00
10 .112 3.76 .072 2.52
11 067 1.38 .067 2.28
12 o011 0.24 053 2.11
Sum: 1.107 0.852
Constant: 3.44 4.25
Mean lag: 6.3 6.4

R2: 0.964 0.989
SEE: 0.334 0.183

D.W.: 0.43 1.42

SOURCE: Equation (16) in the text

that during 1973 (IV) — 1974 (IV) market interest rates, though exceptionally high,
have admittedly failed to fully incorporate price expectations; since including these
five quarters in the estimation period considerably suppressed the sum of coefficients,
they were left out.

(d) Utilizing the Cochrane-Orcutt technique reveals the presence of serious auto-
regression in the residuals. It is easily understood then why combining a polynomial
lag, which almost eliminates multicollinearity, with the Cochrane — Orcutt iteration,
which drastically reduces autocorrelation, results in an impressive goodness of fit.

(e) The real interest rate shows a tendency to fall during the 1960’s and early
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1970’s. This tendency appears to be halted or reversed beginning with 1973 (II) as a
period by period run of the regression makes clear''.

The record of empirical studies as well as my tests show that a polynomial distri-
buted lag scheme, reinforced by a Cochrane-Orcutt iteration, can produce statistical
results that are superior to those obtained by any other distributed lag model. Com-
pared with the Pascal lag, the PDL stands better as far as the estimates of the real
rate and the price coefficients are concerned. The former is lower in the PDL equa-
tions for both the entire period and the 1961-74 subperiod. As for the total impact of
the lagged price terms, it is larger in the PDL-CORC equations for all sample pe-
riods. Therefore, the PDL method seems to be preferable in estimating the interest
rate — expected price relationship. If the presence of other distributed lags calls for
the use of an alternative econometric technique, one’s best choice is the Pascal lag.
However, before we draw any conclusion, we have to answer an additional question.

5. Does it Make a Difference Which Interest Rate and Which Price Variable
We Use?

One may pose the question whether the pattern of the empirical relations presen-
ted in this paper holds invariably for all (or most) interest rates given the price index
or for all price variables given the interest rate. That is to say, we have to examine
how general and representative the reported results are. For this purpose, several
market interest rates were regressed on various price indices. The former included,
among others, the average yield on new issues of high grade corporate bonds (fre-
quently used in recent research and published in the Business Conditions Digest), the
average rate of industrial bonds, the average yield on bonds issued by public utilities
and the commercial paper rate. The price variables included, besides the deflator for
personal consumption expenditures (PCE), the consumer price index (CPI), the who-
lesale price index (WPI), the deflator for the gross national product (GNP), the defla-
tor for the business gross product (BGP) and the price index for fixed investment
(FIXINYV). Table 7 presents, selectively, some results obtained by means of the poly-
nomial distributed lag (combined with a Cochrane-Orcutt adjustment) for the periods
1951 (I) — 1960 (IV), 1961 (I) — 1974 (IV) and 1961 (I) — 1973 (IV). The last pe-
riod was included for the reasons explained in section 4 (C). The findigs reported in
Table 7 confirm, with few exceptions, the remarks made in the preceding section.
Deviations from the common pattern are observed only when the wholesale price in-
dex is employed. This happens irrespectively of the particular interest rate used and
may be attributed to the lack of any systematic synchronization between changes in
the WPI and changes in market interest rates. As a result, regressions of nominal

11. A decrease in real interest rates during the 1960’s is not supported by all studies; see. for exam-
ple, Andersen and Carlson [1].
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interest rates on WPI changes produce coefficients of lagged terms which are fre-
quently negative and statistically insignificant and which are summed up to conside-
rably less than unity.

6. Conclusions

A survey of the available empirical studies and some further tests presented in
this paper reveal that there exists a systematic relation between contemporaneous
and past price changes on the one hand and nominal interest rates on the other. The
former may be taken as a proxy for expected price changes. This relationship ap-
pears to be rather weak during the 1960’s; the estimated coefficients frequently have
the wrong sign and/or are statistically insignificant. However, after 1961 (I) and
more profoundly after 1966 (I), these negative aspects disappear. Since that time pri-
ce movements and changes in market interest rates are highly correlated. During the
latter part of the sample period, the sum of the price term coefficients is either very
close to unity or not significantly different from unity, implying that Fisher’s hypo-
thesis is not rejected. The overall superior statistical fit obtained for the latter subpe-
riod is, furthermore, reflected by a significant reduction of autoregression. Specifical-
ly, the coefficient of autocorrelation is 20 to 40 percent lower in the post-1960 pe-
riod'2

When one comes to the mechanics of expectations formation, the choice of the
distributed lag is the crucial onme. Which particular scheme of distributed lag is em-
ployed seems to be the single most important factor determining both how fast expe-
ctations are formed and how strong their impact is on observed interest rates. The
former has to do with the length of the lag, while the latter indicates the extent to
which market interest rates incorporate price expectations. If one is to rank the va-
rious distributed lags on the basis of their overall performance, the polynomial lag
ranks first, followed closely by the Pascal lag and remotely by the geometric and un-
constrained ones.

Finally, it was found that most statistical parameters of the interest rate-price
change relationship were not conditional upon the particular interest rate or price va-
riable used. Accordingly, distinct series of market interest rates were shown to be hi-
ghly correlated with various price indices, with the notable exception of the WPL
Such a strong correlation has important implications for both economic policy and
theoretical analysis.

12. The only exception takes place when nominal interest rates are regressed on the WPI; then the
autocorrelation parameter of the latter subperiod is, sometimes, lower and, at other times, higher than
that of the earlier subperiod.
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