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Abstract

In a seminal paper, Eichengreen et al. (1985) proposed a strategy to estimate monetary
reaction functions using dynamic probit techniques to allow for the discreteness of
interest rate changes. We follow the approach in the literature on dynamic Tayor rules
and derive a monetary policy reaction function that can be estimated by standard ordered
probit methods. We contrast the two specifications and illustrate our technique on the
data set used by Eichengreen et al. to study interest rate setting by the Bank of England in
1925-1931.
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1. Introduction.

In 1993 John Taylor suggested that US monetary policy in the late 1980s and early 1990s
was well captured by a rule of thumb according to which the federal funds target was
changed more than one-for-one to changes in inflation and by some fraction of changes in
the output gap in the economy. A literature has subsequently emerged which evaluates
the performance of central banks with reference to Taylor’s rule. This involves estimating
a reaction function for the interest rate under the control of the policy authorities.
Focusing on the central bank’s policy rate raises an econometric problem because this
rate is altered relatively infrequently, and when it is altered, the change is by a discrete
amount, usually a multiple of twenty-five basis points. The seminal paper by
Eichengreen, Watson, and Grossman (1985), EWG hereafter, proposed a probit model to
deal with this problem. Furthermore, because of the serial correlation in the policy rate,
they argued that it is necessary to use a dynamic version of the probit model.' This model
is technically difficult to implement. In this note we argue that recent work on dynamic
Taylor rules suggest a method to deal with serial correlation that permits the use of the
“standard” ordered probit model.” We use the data from EWG to implement our

suggestion.

I1. Modeling discrete changes in policy interest rates.
The approach of EWG can be illustrated as follows. Consider the following definitions:

1, = the policy interest rates determined by the central bank

i' = the optimal level of the policy interest rate if it could be set on a continuous scale

! Davutyan and Park (1995) employ the EWG model in their study of the operations of
the Bank of England prior to World War I.

? Recent studies estimating central bank reaction functions using ordered probit (or logit)
models include Christensen (2003), Dueker (1999), Gali et al. (2003), Gerlach (2004),
Heinemann and Hiifner (2002) and Kim et al. (2004).



d = the minimum discrete amount that the policy rate can be adjusted, i.e. the only

feasible adjustments in the policy rate are Ai, = {0, +d,+2d,+3d, etc.}

Since the minimum change in the policy rate is d, the central bank will only change it if
the optimal level of the interest rate is far enough from its level last period. Let p; (n;) be
the minimum distance that justifies positive (negative) change in the interest rate of size

1d {i=1, 2, ...}. Then, for i=1,2

Ai,=2d  if i +p,<i <i_ +p;

Ai, =d if L, +p <1, <1, +p,
Ai, =0 if i, —n, <i;<i_ +p, (1)
Alt =—d if 1, —1n, <1t <1t—1 -,

. . . ok .
Ai, =-2d if 1, —n,; <1, <1_, —n,

This specification lends itself to empirical analysis using ordered probit methods once the
determinants of i, have been identified. EWR proposed a model in which the change in
i, was a function of a vector of variables, z, , describing the state of the economy in time t

as in (2).
Ai; =z B+u, )

Since this equation determines the change in i, whereas its level belongs in (1), the usual
ordered probit model is not appropriate. The reason is that the boundaries at which
changes in the policy rate are triggered depend on the unobserved i, , . This requires the

use of a dynamic ordered probit model which is computationally onerous and not readily

available in standard estimation software.’

3 The estimation difficulties can be illustrated by eliminating past values of the optimal

t t
interest rates in (2) through iterative substitution. This yields i, = (Z z jJB + ) U +iy.

= =1



An alternative model of the determinants of i, can be derived from the recent literature
on dynamic Taylor rules. We start from a linear static reaction function of the form

: TR

i =xB+v, 3)

where i, " represents the interest rate implied by a static Taylor rule. Following Judd and

Rudebusch (1998), we assume gradual adjustment of optimal the policy rate of the form:
i = 1™ =i )+ A (4)
Using (3) and (4) we obtain the expression for the optimal interest rate:
i = (1=X)i,, +AeX B+AALL +A,v, (5)

The specification in (5) has the advantage that since all regressors are observed, it permits
the use of the “standard” ordered probit model in estimation which is computationally
relatively simple. By including the lagged value of the policy rate among the explanatory
variables this specification is also potentially able to deal with the problem of serial
correlation which motivated the estimation methods chosen in EWR. On a priori grounds
it 1s not possible to determine which of (2) or (5) is superior. Occam’s razor argues in
favor of (5), but it must be able to overcome the serial correlation problem mentioned by
EWR. Whether it can is an empirical question, and the answer may be different from case
to case. In the following section we implement our alternative specification using the
original data in EWR and show that in this case at least it gives plausible results and pass

the test for serially correlation.

ITI. Bank Rate Policy Under the Interwar Gold Standard: An Illustration.

We follow EWG who studied the setting of Bank Rate by the Bank of England during the
Gold Standard period 1925-1931.* To briefly summarise that study, it found that the

The dependence of i, on the entire history of z and u is what complicates the
construction of the likelihood function.

*  This data is available on Mark Watson’s home page at
WWW.wws.princeton.edu/~mwatson.



Bank of England’s decision to change interest rates could be tied to a limited number of

variables:

e Weekly losses of gold reserves (by contrast, weekly gains of gold reserves were not

significant in their model).

e The spread between Bank Rate and the rate on London 90-day bankers drafts. EWG
found that the Bank of England was particularly concerned by this interest rate spread

if it was increasing.

e The level of Bank Rate. In particular, the Bank attempted to reduce Bank Rate if it

exceeded 4%.

By contrast, EWG found only weak evidence that the Bank of England responded to
movements in unemployment, the volume of Treasury bill issuance, the Sterling — US
dollar exchange rate, and the spread between London and New York interest rates, as

captured by 90-day bankers acceptances in New York.

We start our specification from one that is loosely modeled on that of EWG, except that
we incorporate the change in New York interest rates, as well as the lagged level and
change of Bank Rate.” After deleting insignificant variables, we obtained the following

model:

Prob(ABR) = 0, Ai™Y + 0, AG; +0,AG, +0,(BR , —i", )+ ...
+a,ABR , +aBR , +v,
where BR, denotes Bank Rate, i, (i)' ) market rates in London (New York), AG, the

weekly decline in the Bank of England’s gold reserves, and A’G, the change in the

Bank’s gold reserves over 8 weeks.

The estimates in Table 1 indicate that all parameters are highly significant and have the

expected signs. We also report the value of the likelihood function, McFadden’s

> Also, in order to ensure that the regressors are not correlated by construction with
decisions to change interest rates, we do not use any regressors based on the current value
of Bank Rate.



likelihood ratio index (or “pseudo—R?*”), and the p-value from a test of the hypothesis

of no first-order serial correlation in the residuals, constructed as suggested by

Gourieroux et al. (1985, p. 326).

Overall the results are highly supportive of the analysis in EWG and we do not comment
on them further. The main novelty is that the change in New York rates in appears to
have influenced the Bank of England’s interest rate decisions, perhaps because this
variable captures international financial factors. The importance of market conditions in
New York is readily apparent from Figure 1 that shows how New York rates rose in
1927-1929, and fell from 1929 onwards, in advance of London rates. We also finding that
the lagged level and change of Bank Rate are highly significant, as suggested by the

model of interest rate setting that we proposed above.

IV. Conclusions.

Using recent work on dynamic Taylor rules we propose a specification of a reaction
function of a central bank that permits the use of the ordinary ordered probit model for to
estimate discrete-valued policy rate changes instead of the more difficult dynamic probit
model. We illustrate the approach by applying it to the data used in the seminal paper of
Eichengreen, Watson, and Grossman to study the Bank Rate policy of the Bank of
England under the interwar gold standard. Overall our results are consistent with those
reported in EWG, and a diagnostic test for serial correlation suggests that our simpler

estimation procedure is justified.
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Table 1

Estimates for June 1926 — September 1931

328 observations

Change in NY rate

Decline in Gold Reserves

Change in Gold Reserves
over 8 weeks, lagged

Spread between Bank Rate and
London market rate, lagged

Change in Bank Rate, lagged

Bank rate, lagged

Log likelihood
Pseudo R-squared

Serial correlation

4.970
[0.000]

-0.255
[0.000]

-0.047
[0.007]

-2.469
[0.001]

-2.248
[0.019]

-0.345
[0.064]

-47.506
0.411
[0.438]

Note: p-values in parenthesis.



Figure 1
Bank Rate and Market Rates in London and New Y ork

8 8
6
J '\\| Ay d \|l| ,.1}'\ Jr\-,_-;u
A4 TR T
— V_ \ /v -
9 Bank Rate
------ Market rate, London
———- Market rate, New York
- -0
1925 1926 1927 1928 1929 1930 1931



