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| It is the purpose of this study to investigate the predictability of short

| term interest rates using the methodology of multi-layer perceptron neural
networks with back propagation. Federal Reserve Board policies in setting

ithese short-term rates has a phenomenal impact, not only on stock markets,

| but on every individual since their influence is directly reflected in

| moxtgage rates,credit loans for automobiles and charge card rates.
Manufacturing companies across the country make decislons about worker
cutbacks and production schedules based on how they expect the Federal

the strategic management style of the current Federal Reserve Chairman and
its Board and thus forecast Treasury Bill rates, a rational response to
these changes could be formulated both by individuals and by corporations.
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CAN A NEURAL NETWORK FORECAST MONTHLY TREASURY BILL RATES?

1, Intreduction and Significance

During 1994, The Dow Jones Industrials Average moved sideways, fluctuating between
3600 and 4000, and closed on December 30, 1994 at 3834. In contrast, since the beginning of
1995, the Dow Jones Industrials Average has increased by 25% to its current value ‘of 4784. This
move translates to an increase in wealth for all equity holders of about 1.5 trillion dollars. Most |
analysts agree that interest rates, both the short-term 3 month Treasury Bill rate and the long-run
30 year Treasury Bond rate, have been the catalysts for this move.

Among numerous financial variables, short term interest rates play a very significant role
in influencing the evolution of the economy, partially because they reflect the various strategies of
the Federal Reserve Board, For example, given one set of data about the rate of unemployment,
the consumer price index, industrial production, and new housing starts, analysts would offer
different interpretations of this data, depending on whether short term rates were going up or
down. Suppose that the rate of unemployment is slowly decreasing, the consumer price index is
stable, and industrial production and new housing starts are slowly increasing. If, to sucha
scenario, we add that Treasury Bill rates are slowly declining, then one would conclude that we
are in the early phases of a cycle with the Federal Reserve attempting an easy monetary policy to
sustain economic growth. On the other hand, if interest rates are rising, one would reach the
* opposite conclusion, nately, that the economy is at an advanced cyclical phase with the Federal

Resetve attempting to keep the lid on inflation.




The key relationship that lends support to the significance of short term interest rates is
the policy decisions of fhe Federal Open Market Committee (FOMC). When this Committee
meets about 10 times a year, it studies numerous indicators exhaustively and decides by member
voting to set Fed Funds targets. The FOMC, consisting of six members of the Federal Reserve
Board and five presidents of various Federal Reserve banks under the chairmanship of the
Chairman of the Federal Reserve Board, sometimes errs in its assessment of the economy’s
condition. However, the resources in terms of data, analysis and evaluation that the FOMC has at
its disposal, makes market participants pay enormous attention to the FOMC’s assessment and
Fed Funds policy decisions. This attention is justified both because of the superior information
that the FOMC possesses as well as because Fed Funds targeting immediately influences short
term Treasury Bill rates.

This brings us to the topic of this proposal: are Treasury Bill rates predictable on the basis
of other earlier acquired information? There are two broad categories of answers given to the
question of Treasury Bill rate predictability. One claims that such rates cannot be predicted while
the other provides some evidence of partial predictability. Needless to say, no one has ever
claimed complete predictability.

Among the numerous studies that offer support to the gon—predictability of short term
interest rates, most are variants of the efficient market hypothesis and its random walk statistical
description of interest rates. Some recent studies include Shiller, Campbell and
Schoenholtz(1983), Cook and Hahn (1989), Simon (1990), Campbell and Shiller (1991),

Rudebusch (1992) and Blough (1994).




On the other hand, several researchers have been able to demonstrate the existence of
some degree of predictability, for example Hardouvelis (1988), Mishkin (1988) , and Mankiw and
Miron {1986, 1991).

Researchers have used a variety of statistical methods to investigate this problem. Typical
methods include time series analysis as in Rudebusch (1992), econometric estimation as in Fama
(1984) or Froot (1989), or instrumental variables as in Simon (1989). The traditional approach in
studying this problem is to establish relationships and test them empirically using statistical
techniques. These methods have difficulty in capturing the extensive nonlinearities in the data and
better tools are needed to analyze Fed policies.

Tt is the purpose of this study to investigate the predictability of short term interest rates
using the methodology of multi-layer perceptron neural networks with back propagation. These
networks use an abundance of input data to infer an underlying structure. This structure does not
have to be specified apriori. Rather, the network itself, through repeatedly looking at the data and
readjusting the importance of the data connections, attempts to discover the relationships. The
backpropagation neural network has been applied to other financial problems such as managing
investment funds (Fishman, et. al. (1991)), pricing gold futures (Grudnitski and Osburn (1993)),
estimating options prices (Malliaris and Salchenberger (1993)), and forecasting the S&P volatility
(Malliaris and Salchenberger (1995)), and has had good success in dealing with nonlinear data.

Fed policies have a phenomenal impact, not only on stock markets, but on every individual
since their influence is directly reflected in mortgage rates, credit loans for automobiles and charge
card rates. Manufacturing companies across the country make decisions about worker cutbacks

and production schedules based on how they expect the Federal Reserve to set short-term interest




rates. If a neural network can capture the strategic management style of the current Federal
Reserve Chairman and its Board and thus forecast Treasury Bill rates, a rational response to these

changes could be formulated both by individuals and by corporations.
2. Research Plan

This project consists of three basic components: (a) bibliographic research and data
collection; (b) determination of the neural network architecture and parameters, and {c) using the
resulting architecture to train the network and develop forecasts.

The bibliographic search and data collection have been completed. Monthly data for the
period from January 1980 to the present have been collected on Treasury Bills and related
variables. Each series of data has about 180 observations.

The next step is to determine the best architecture and parameters for a given neural
network. This involves a series of tests with the data in which various neural network
combinations are built, tested, and progressively refined until a satisfactory model has been
constructed. Three neural networks models will be constructed and their effectiveness i.n
forecasting compared. The first network will use Treasury Bill rates and lags an input variables.
The second network will use these inputs along with inflation and industrial production data. The
last network will use monthly Treasury Bill rates along with excess inflation and excess growth as
input variables. Tn all cases, the output variable will be next month’s Treasury Bill rate. This

should take three to four weeks.




Finally, the neural networks will be trained on 18 months of data and used to make weekly
forecasts for the following 3 month time period. The window of training data will then be moved
forward 3 months and the training and forecasting process will be repeated. This process will
continue until the entire set of data has been forecasted. The results will be evaluated by
calculating the mean squared error, mean absolute deviation and mean absolute percent error for
each of the forecasting periods. To train, forecast and analyze the network results should take
about four weeks. The results will then be prepared for publication and an article is expected by

December, 1996,
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