
6. COMPUTERS IN ECONOMETRICS

The procedures described in the previous four sections are complicated and require
considerable computer resources. Ten years ago these resources would have been
expensive. To-day the availability of cheap computer power has made it possible to
complete them at very little cost. The first generation of econometricians would
have found it impossible to do anything but the simplest of calculations as they
worked entirely by hand. Even after the advent of mechanical calculators,
econometric work required inputs that today sound unbelievable. It is interesting to
recall the following extract from a 1946 report of the Cowles Commission as quoted
inBerndt(1991);

"In answer to a question by Girshick, Koopmans mentioned that
one supervisor and one or two computers had worked two to three
months on an eight equation system, by hand calculating. Tubin
estimated that a ten equation system with fifty unknown
parameters by hand calculating with an ordinary calculator
required seventy 24-hour computer days".

The advent of computers did not altogether relieve this situation. Longley (1967)
appraised various "least-squares programs for the electronic computer from the
point of view of the user". He compared the results of eight regressions on six
independent variables using a variety of programs on six different mainframe
computers. With identical inputs all except four programs produced outputs which
differed from each other in every digit. The cause of the problems was the use of
poor algorithms rather than limited hardware. The algorithms were based on the
methods used for hand calculators that carried more significant digits. The Longley
analysis should provide a timely reminder of the problems of numerical instability
that can lead to even greater problems in more elaborate analyses.

The mainframe computer was expensive, not very easy to use and often required a
considerable number of support staff. It was not until the arrival of the
microcomputer that much econometric analysis became feasible. In Frain (1987) I
examined a number of econometric programs that ran on a basic IBM PC (8086)
with a math-eoprocesser. The programs included

YSTAT verl.2

PC-GIVE ver 4.2

SHAZAMver4.2and5.1

RATS ver 2.01 and

GAUSS ver 1.49 (b)

280



While the hardware imposed certain constraints it was clear that it was possible to
complete a great deal of real work. Each of the individual programs had its own
strengths. In some cases it was much easier to work with them than with standard
mainframe packages. Only analyses that were very elaborate or required a large
dataset required a mainframe.

To-day most of the hardware constraints have been removed and software has been
improved. It is now possible to complete most15 analyses on PC's. The low cost
makes it possible to complete many analyses that might have been too expensive on
mainframes. Reduced costs and improved computer facilities have lead to
improvements in software and the cycle of reducing costs and improved facilities is
likely to continue.

Thus, econometric analysis is becoming increasingly complicated and demands
considerable knowledge of mathematics, statistical theory, numerical methods and
computer science in addition to a deep understanding of the economy. In many ways
the packages are becoming more user friendly and can give the impression that their
use is simply a matter of pushing an appropriate button and displaying results on a
screen. In the Bank we now use a variety of econometric packages

MICROHT

PCGIVE

REGX

RATS

SHAZAM

GAUSS

MATHEMATICA

Ver 3.21

Ver 8.00

Ver 92.6

Ver 3.10c

Ver 7.0

Ver 3.24

Ver 2.23

MICROFTT, PCGIVE and REGX are, in the first instance menu-driven but each has
its own way of extending the set procedures with forms of batch or matrix
manipulation languages.

MICROFIT is probably the easiest of all to use. It offers a range of single equation
estimation methods.
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Ordinary Least Squares

IV (2SLS) Instrumental Variables

AR (J) Autoregressive Errors (Exact ML Method) J < 2

AR (J) Autoregressive Errors (Cochrane-Orcutt Iterative

Method) J < 12

AR (J) Autoregressive Errors (Gauss Newton Iterative Method)

IV/ARJ IV with AR Errors (Gauss Newton Iterative Method)
MA (J) Moving Average Errors (Exact M2 Method) J < 12

IV/MA (J) With MA Errors; J< 12

and produces a comprehensive set of diagnostic statistics and graphical analysis of
these. Estimations can also be examined using the recursive and rolling regression
procedures. The univariate procedures are excellent, well documented and the user
interface very well designed. The Johansen routines in the package are only for the
simplest of applications and in my opinion are probably best avoided as they may
lead to wrong conclusions. Their analyses could of course be extended by saving
error correction terms setting up single equations and testing some hypotheses using
the single equation methods available. A new version of MICROFIT is promised for
later this year and I understand that this has been greatly extended and improved.

PCGIVE16 (and PCFIML) is based on the LSE econometric philosophy and we have
given a brief description of its diagnostic tests for a single equation model. PCFIML
is the equivalent for system estimation and is as comprehensive as regards methods
and diagnostic tests and graphical analysis. It provides a comprehensive
implementation of the Johansen methodology. This methodology is very involved
and implementation problems are more likely to arise from a misunderstanding of the
methodology than from the software.

REGX is a package written by Stephen Hall and could be described as an ideal
package to accompany Cuthbertson Hall and Taylor (1992). Its general philosophy
is again based on the LSE philosophy. However, in addition to the more usual single
equation methods it provides time varying parameters, GARCH-M, seasonal
estimation, general Kalman filter routines and matrix manipulation for extensions.
While the interface is not as polished as MICROFIT or GIVE it provides, to
academic users, some very useful routines at a very small cost.

RATS and SHAZAM are powerful flexible tools for statistical analysis. They are in
effect programming languages with a large number of built in procedures. They
operate by issuing commands at a command prompt rather than choosing items from
a menu. Commands can also be gathered together in an external file which may also
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include control expressions (e.g. if ...then...else, do, block, and procedure definition
statements). In theory, either of these packages could tackle nearly all the problems
that one could encounter in econometrics. However, in practice, some problems may
be too big or may require so much programming that they might not be suitable.
RATS is particularly strong in time series analysis while SHAZAM is strong in
diagnostic tests and rivals PC-GIVE in this regard. Both packages are used in the
Bank and I have even used both together in a single job. TTie benefit obtained from
learning both packages far outweighs the costs of trying to work with individual
packages. RATS is widely used in the Bank. It has some very good time series data
management routines and these are widely used in the Bank

Preliminary versions of CATS in RATS developed by Hansen and Juselius have
been in circulation for some time. This package is a complete implementation of the
Johansen procedure in RATS and a final version will be available about the same
time as the promised new version of RATS17.

The relative merits of command and menu driven systems are often debated. I
confess to a certain preference for the flexibility of command driven systems but the
faster learning curve means that where possible I would recommend a menu-driven
system to a new user.

GAUSS is a complete mathematical programming language with a syntax that is a
cross between FORTRAN, PASCAL and C. The basic element used in GAUSS is a
matrix. Thus, even the most elaborate formulae can be written in one program line.
GAUSSX is an econometric front end for GAUSS which provides many of the
features of a more standard econometric package but with the programming facilities
of GAUSS added. Among the procedures implemented in GAUSS in the Bank were
Chow-Lin interpolation routines and an early version of the Johansen procedure.
Gauss has wider usage than quantitative economic analysis and has been used in the
for numerical analysis and optimisation

MATHEMATICA is a symbolic programming language. It is easier to explain this
statement by way of an example

/ * / / / ; =
D[x*n,x]

Out[J]
-1+n

nx
In[2]:=

Solve[a xA2 + bx + c = O»x]
Out[2] =

~b-Sqrt[b2-4ac] -b+ Sqrt[b-4ac]
{{ x _> },{ — -}

2a 2a
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In[n] ;= and Out[n] := are respectively input and output to the program. The first
example finds the derivative of x11 and the second solves the general quadratic
equation. The program has the capability of doing very complicated symbolic
mathematics.

The program is used by researchers, engineers and analysts in applications which
span all areas of science, technology and business where quantitative methods are
used. Varian (1993) describes the use of MATHEMATICA in Economics and
Finance which alongside standard and Bayesian statistical techniques includes:

Diffusion Processes and Ito Calculus

Option valuation for Black-Scholes and binomial models

Modelling and solution of co-operative games

Nash equilibria

General equilibrium models

Optimal growth model

Solving linear discrete line models

Determining long run dynamics of economic models

Optimal incentive mechanisms.

Many other packages are available (e.g. TROLL, SAS, SPSS, TSP, ET, MATHLAB
to name but a few). They all have their strong points (e.g. TROLL for macro-
modelling, SAS or SPSS for general statistical work...)

Dewald, Thursby and Anderson (1986) is, to my understanding, the only major study
of the efficacy of empirical economic work. They reported on the results of a
Journal of Money, Credit and Banking survey on replication in empirical analyses.
154 authors were asked to submit their data and programs as used in articles
published or submitted to the Journal. Of the 62 authors whose articles had already
been published only 42 responded (mean response time 217 days). Of these 22
supplied data, the remaining 20 had either confidential data (2), lost or destroyed
their data (14) or data available but not sent (4). 26 authors had their articles
accepted but not published. The mean response time was 125 days. All but 1
responded. 5 did not supply data -

confidential 1

Lost 2

Data available but not sent 2
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65 requests were sent to authors whose articles were under review. Only 49 replied
and of these 1 had lost or destroyed his data and another 1 replied that his data was
readily available but not sent. Considering that one authors of the study was an
editor of the Journal it is surprising that one in four of these authors did not respond.

Data are of no use unless they are accurately recorded and properly documented.
The first 54 data sets submitted were examined and only 8 met the required criteria.
14 data sets were incomplete. The main problems with documentation were failures
to identify sources and problems with the identification of individual series.

An attempt was made to replicate in full nine analyses. Only two attempts were fully
successful but these still required some assistance from the authors (mainly minor
problems arising from the use of different computer systems). A third was successful
apart from one equation which could not be replicated. A fourth had problems with
numerical stability. The computer program used in the fifth was so defective that
some of its results were useless. When the computer program was corrected the
results did not change the conclusions of the article. The sixth, seventh and eight
articles could not be replicated because of program problems, data problems and
possible erroneous descriptions of the procedures used. The ninth article was an
application of a large econometric model and the analysis could not be replicated
with the resources available.

The authors recommended

"On the basis of our findings, we recommend that journals require
the submission of programs and data at the time empirical papers
are submitted. The description of sources, data transformations
and econometric estimators should be so exact that another
researcher could replicate the study and .... obtain the same
results.... Alternatives must be proposed for authors whose
research is based upon proprietary, licensed, or confidential
programs and data sets .... Authors should submit the version ....
of proprietary programs (such as SAS, SPSS, RATS and TSP) as
well as listings of the instructions executed by the program ".

This recommendation or some variation of it has to some extent been adopted by
several journals. The need to prepare data and programs in a form in which they
may be replicated by others including possible referees should ensure that they are
more correct and the results more reliable and more robust.

As an experiment I decided to replicate part of Lovell and Sellover (1994). They ask
if state of the art econometric software is capable of contributing to serious error.
They use four PC econometric packages -
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MICROFIT ver 3.0

RATS ver 4.0

SHAZAM ver 7, and

MICRO TSP ver 7.03

to analyse three data sets

Longley(1967)

Dufour Gaudry and Tran (1980) and

A Consumption function data set derived form the Citibase Databank.

The Longley data set is very ill-conditioned. In my 1987 paper referred to already I
used this data set and found that all the PC programs examined were capable of
handling the Longley data far better than the programs Longley used. Longley
shows the type of problems and numerical instabilities that can arise even in simple
OLS regressions.

The Dufour et al (1980) dataset is known to have two local maxima of the objective
function when a standard Cochrane-Orcutt procedure is applied. The true maximum
lie at about p = 0.93 while the local maximum is at p = 0.33. When full maximum
likelihood is used there is a single maximum at about p = 0.32. The table below
compares my results with those of Lovell and Sellover. Apart from the method =
HILU in RATs we are close to agreement.

Initially I had considerable problems replicating the Lovell and Sellover results.
When I obtained a copy of their data oft the interest and compared it to my own I
found two discrepancies. Comparison with the original Dufour et al (1980) data set
revealed that we had one mistake in each of our datasets. Using Cochrane-Orcutt in
MICROFIT or the RALS procedure in PC-GIVE and an appropriate starting value I
was able to get the true optimum. In the second and third column of results I give
my results using the Lovell and Sellover data while the final two columns give the
Dufour et al data.

There are some annoying, if not particularly serious, problems about these results.
They can all be explained by realising that the different programs are maximising
different objective functions and are using different criteria to assess convergence. I
have managed to reconcile these in this case but one might have considerably more
trouble in the more complicated problems likely to arise in practice.
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Defour et al. (1930) Data Set-Autocorrelation Problem

Exact AR(1)
Inverse Interpolation
Cochrane-Orcutt AR (1)

Maximum Likelihood

Lovell &
Sellover

0.31661

0.32921

L&S Data

Default
Initial
Values

0.31661
0.32883

0.32921

Alter-
native
Initial
Values

0.92683

0.32921

Revised Data

Default
Initial
Values

0.31664
0.32889

0.32928

Alter-
native
Initial
Values

0.9263

0.32921

Rats

AR1 (METHOD = CORC) 0.3289

AR 1 (METHOD = HILU) 0.3289

AR1 (METHOD = MAXL) 0.3166

AR 1 (METHOD = SEARCH) 0.3166

0.3289

0.9319

0.3166

0.3166

0.3289

0.9318

0.3166

0.3166

SHAZAM

AUTO

AUTO .../ML

AUTO .../DROP

AUTO .JGS

AUTO ..JML GS

AUTO .JGS DROP

0.33629

0.31649

0.32867

0.34

0.32

0.93

0.33629

0.31649

0.32867

0.34

0.32

0.93

0.3166

0.32888

0.33632

0.31653

0.32874

0.34

0.32

0.93

0.31664

0.32895

PCGIVE

RALS 0.32888 0.93187 0.32895 0.9318
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Journals publishing applied work should pay particular attention to these points. In
general data and sources should be fully described. Estimation methods should be
described in full and to an extent that it should be possible to replicate the analysis.
Ideally data and programs should be supplied to the journal and available to a referee
if required. In some cases editors might ask a referee to review the analysis. Only in
this way can we be sure that empirical work is of the highest standard.
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7. CONCLUSIONS

Econometrics or, more precisely, the application of statistics to quantitative
economic analysis, is now in a state of flux. For a statistician it is probably one of
the most interesting branches of statistics. In the last ten or so years there have been
considerable developments both in theory and practice. In effect, theses
developments are coming at such a rate that it is very hard to keep up with them. I
do not expect that all of you will return to your computers in the morning and launch
yourselves into the more advanced topics. I will be satisfied if I have increased your
awareness of what modern econometrics is trying to achieve and that those who use
it are more aware of the pitfalls involved. I would be pleased if this paper helped
those who are responsible for the updating of the econometrics courses for students
of Economics.

Perhaps, I might close by making a few comments on truth in science. The
economist often looks to physics as an example of how theory should be developed
and empirical work conducted. I am often very surprised that so many economists
believe in the absolute truth of various iaws' of physics. My own studies of
theoretical physics in the sixties has left me with a healthy disrespect of such
positivist views. Newtonian mechanics and the Newtonian theory of gravitation is an
obvious case. Its success in providing solutions to many problems does not need to
be elaborated here. In many cases its predictions are so close to reality that
predictions and reality can not be distinguished. However, it is not reality and it has
been known for more than a hundred years that it gives the wrong answer in certain
cases.

Einstein (1905, 1916) proposed his theory of relativity as a solution to these
problems. This theory encompassed the earlier Newtonian theory in that it explained
all that Newtonian theory explained as well as various phenomena that the latter
could not explain. However, we now know that relativity does not explain
everything. It also is not absolute truth.

Thus, both Newtonian and Relativistic theory are not absolutely true. AH of science
and, in particular, physics advances by a process of approximation. Current theory is
found to be defective and research leads to improvements. Bit by bit we advance
towards the truth.

Economic theory is no different from other sciences. To-days theory may explain
well certain facets of the economy and may provide useful forecasts and valuable
insights. At first econometrics can demonstrate in what circumstances the theory is
likely to be valid. Secondly econometrics provides the parameter estimates
necessary to turn the theory into policy recommendations. Finally it can show where
theories are defective and point the way to improvements. The profession has not
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reached agreement on how this can be done. In Section 5 we discussed the general
to specific approach (Hendry), the fragility or sensitivity approach (Learner), the
macroeconomics and reality approach (Sims) and the macromodel approach. All
four methods have added to our understanding. The user must choose whichever is
best suited to has needs. If time were available he should try out more than one
approach.

Finally there is the cautionary advice - possibly due to Learner - in economics it is
not too bad to sin if you know that you are sinning and preferably confess your sins
on the spot. To sin without knowing that your are sinning is unforgivable.
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Footnotes

1. Richard von Mises was an applied mathematician who first specialised in
mechanics, hydrodynamics and the theory of flight. I understand that his book on
the theory of flight from the early years of this century is still in print. As a
practical man, in 1915, he constructed a 600 Horse Power airplane for the
Austrian army and served in it as a pilot during the world war. His work on the
foundations of probability began about 1919 and "Probability, Statistics and
Truth" was originally published in 1928. In 1929 he published a large book on
Probability and its application in statistics and theoretical physics. His
"Mathematical Theory of Probability and Statistics" is based on lectures from the
early 1950fs. He identified himself with the positivist school of philosophy and
has written on positivism. For a current assessment of his frequentist views on
probability see von Plato (1994).

2. In recent times several laboratory style experiments have been carried out.
Examples are the studies of the behaviour of trades conducted with
undergraduate students in laboratories at Carnegie-Mellon University by
Marimon and Sunder (1990) and at The California Institute of Technology by
Aliprantis and Plott (1990). See also Chapter 29 of Azariadis (1993)

3. In practical work identification or lack of identification often lead* to problem*
and errors in analyses. In the next Section of this paper there are wimc comment*
on identification in a cointegration context.

4. This is a simplification. The effect of exogenous variable* may be included
through the transfer function methodology.

5. The literature sometimes uses the term nonsense regression for what I call a
spurious regression. The term spurious regression is then used to describe a
regression between two variables that arc related to one another only through a
third variable.

6. See also Yule (1926)

7. The RATS program for the simulations and regressions is reproduced in Frain
(1993).

8. There is a general misunderstanding that inducing trended variable* in a
regression is the cause of spurious regressions. None of the non-stationary
variables included in these analyses arc trended and yet the regressions arc
spurious. Here the random walk component of the variables is the source of the
problem. Regressions between variable* which arc trended (in a deterministic
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sense) may indeed produce nonsense regressions but standard statistical theory
will apply. The problem may lie with the interpretation of the regression.

9. There may of course be other more basic problems arising from specification
errors.

10. An argument against unit roots, which is frequently quoted, is that real interest
rates are now the same as they were in Babylonian days. If real interest rates
followed a unit root process the probability is very small that they are now at the
same level as they were in Babylonian days. Therefore they could not follow a
unit root process. This argument is wrong. Consider the Babylonian statistician
who believed in unit roots. He would have predicted that real interest rates
would be the same to-day as they were in his day. Yet we wish to discredit his
theory on the basis that their predictions were true.

11. This model is of course too simplified to model reality but serves to illustrate
some ideas.

12. Corresponds to /J instep 1 of the estimation procedure

13. A considerable amount of conditions are assumed and not elaborated. Further
details are available in Priestly (1987)

14. Another approach to quantitative macroeconomic analysis is that described in
Kydland and Prescott (1991). They choose the parameters of general equilibrium
models of business cycles by calibrating the model to fit certain features of the
business cycle.

15. There will always be a place for more powerful computers for work such as the
type of multivariate time series analyses being completed at the Minnesota
Federal Reserve Bank on a CRAY supercomputer.

16. PcGive (ver 9) runs under a new WINDOWS interface GiveWin. The full
package includes OX an object orientated matrix programming language with a
syntax similar to C++. A beta test version of PcFiml ver 9 has just been made
available.

17. Since writing this RATS 4.20 for DOS and WINDOWS and CATS IN RATS
have become available.
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