MODELS AND THEI R USES

I. Introduction

There are econom sts doing research with VAR nodels or other kinds of lists of
regression equations with little or no formal behavioral theory. There are
econom sts studying purely theoretical nodels, apparently unenbarrassed that
the nodel s’ connections to any observabl e phenonenon are at best tenuous. In
bet ween we have structural VAR nodelers (like Orden and Fackler in this
session, or Blanchard and Wat son, Bernanke, or nyself [1986]), who give form
partial behavioral interpretations to statistically detail ed nodels and
calibrators (like Kydland and Prescott or Gary Hansen) who use conplete

behavi oral nodels but match themto only a few aspects of the data, w thout

any formal statistical methodol ogy.

This is as it should be, nore or less. W should not expect our discipline to
be exenpt fromthe pattern of the natural sciences, in which nodels of
different types and levels of detail are used for different purposes. Many,
maybe even nost, practical applications of the | aws of natural science ignore
the "m crof oundati ons” of quantumand relativity theory. In applications |ike
weat her forecasting or epidem ol ogy, detailed use of data often requires
nmodeling with little explicit guidance from physical theory. And on the other
hand cosnol ogi sts theorize with about as little concern for connecting their

theories to sonething observable as the nore abstract nathematical econom sts.

It is dismaying, therefore, that as we econom sts begin to use an increasingly
differentiated array of nodel types, we seemto be dissipating energy in
argunent over what kind of nodeling style is correct. As sonmeone who is nore
easily bored by enpty theory than by raw data, | have the possibly biased

i npression that nost of this energy cones fromthe side of nore "structural”
researchers attenpting to cl eanse the profession of what they see as
meani ngl ess exerci ses in neasurenent w thout theory. Countless articles and
sem nars begin with a brief paean to the virtues of guiding enpirical work by
explicit theory, or of the value of theory as "discipline" for enpirical work

It may even be a verifiable regularity that this kind of introductory remark
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is an indicator that the research that is about to be described contains a
particul arly outrageous sinplifying assunption in the theoretical nodel

justifiable only under the hypothesis that sone formal theory, however

i npl ausible, is better than the informal theory that m ght otherw se be used

to interpret the data.

VAR nodel ers ought to admit, as | certainly do, that an
i deal nodel which:
| cont ai ns a fully explicit for mal behavi ora

interpretation of all paraneters;

m connects to the data in detail

m takes account of the range of uncertainty about

t he behavi oral hypot heses i nvoked, and

m includes a believable probability nodel that can be used to eval uate

the plausibility, given the data, of various behavioral interpretations;

is better than the usual nonstructural VAR nodel. Correspondingly, nodelers
who match their nodels only to a few "stylized facts" or a few contenporaneous
second nonent statistics ought to admt that such an ideal nodel would be
preferable to the nodels they use. The problemis that ideal nodels take up
human and conputer time, so that every actual nodel is a conprom se. Dependi ng
on the problemat hand and the skills and inclinations of the researcher

there may be val uable nodeling efforts which | eave to informal common sense
the question of connection to data, just as there may be valuable efforts

whi ch | eave to informal conmon sense the question of how patterns found in the
data, say conputed MAR inpul se responses, connect to a behaviora

i nterpretation.

Though ny usual inclination is to defend careful statistical work against the
onsl aughts of the smug "no neasurenent w thout theory" crowd, this paper takes
the opposite tack. It aims to show how useful it can be, in interpreting the

evidence froma VAR, to have worked out theoretical nodels which are difficult
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to fit to nore than stylized facts, but which can guide intuition about what
to expect fromthe data. | take the specific exanple of interpreting the by
now heavily worked over tinme series data on interest rates, noney stock

out put, and price |evel

| have argued el sewhere [1982] that the rational expectations revolution has
done for nonetarismjust what it has done for inflationist policy
prescriptions based on the Phillips curve: it has shown that both treat an
observed statistical relation as exploitable for policy purposes even though
such a relation could arise in a nodel where it is not usable for policy.
Here | present an explicit equilibriumnodel which verifies this assertion in
detail .

The results, by showing in nore detail how a purely classical equilibrium
nodel with nonetary policy irrelevant can match some tinme series facts,
strengthen the possibility that nonetary policy really is of m nor inportance
to the business cycle. Nonetheless there are certain aspects of the actua
behavi or of the data which the equilibriumnodel nisses. The gaps suggest

i nadequaci es which, if corrected, mght well reintroduce a substantial role

for monetary policy and other fornms of demand managenent.

The broader nmethodological inplications of the exercise are

t hat :

i) Particularly when dealing with nodels which mx financial and rea

aggregate vari abl es, experinenting with sinple behavioral nodels is an

i nportant safeguard agai nst naive interpretations of VAR s or other data-based

nodel s, even when the behavioral nodels are too sinple to fit wel

ii) Simulating nonlinear behavioral nodels is getting easier, both because of
i nproved techni ques and because of better conputational hardware. This
weakens the excuse that these nodels are so hard to work with that papers

whi ch use them shoul d not be expected to contain any fornmal statistica
inference. It also weakens the excuse that they are so hard to work with that
VAR nodel ers are justified in eschewing themin favor of intuition and conmon

sense in interpreting their results.



iii) It is not enough that a behavioral nodel should match a few observed
second nonents in sign. By insisting on a quantitative match to the data, in
as much detail as possible, we give the data a chance to be nuch nore
informative. This point is nade in the context of another macronodel by

Hodri ck, Kocherl akota, and Lucas.

I1. The RWPY VAR

The nature of the time series relations anmong noney stock (M, interest rate
(R), price level (P) and real output (Y) has been exami ned often, recently
e.g. by Runkle and by Ei chenbaum and Singleton. Monetarists, led by MIlton
Fri edman, argued that correlations of noney with income were strong and
inplied a role for nonetary policy in generating business cycle fluctuations.
Tobi n showed that such a correlation could arise in a nodel where nonetary
policy did not influence the business cycle, but his exanple was a
determnistic nodel. Friedman did statistical work to show that the

rel ati onshi p between i ncone and noney was asymetric, wi th noney predicting

i ncone nore than vice versa, a result with no counterpart in any deterministic
nmodel . My own paper showed that this asymretry was sharp and indeed of just
the forminplied by a claimthat regressions of incone on noney recovered an
exploitable structural relation. Bivariate relations between noney and

nom nal GNP still show this pattern, as shown in the actual data panels of
Tables 1 and 2.

It is interesting to note that the statistical significance of the |agged M'’s
in predicting YNis no stronger nowthan it was in ny original work on this
relation in 1972, despite the data accunul ated since. Also, in 1972 the
relation of real GNP to ML was nuch weaker than that of nominal GNP to M
according with the idea that it was hard to predict how nom nal demand shocks
woul d split up between price and real novenents. But now bivariate rel ations
between ML and real GNP (not shown) have al nost the sane pattern, and slightly
greater statistical strength, than the corresponding rel ations between ML and

non nal GNP.



It is also by now well known that nom nal interest rates show substanti al
predi ctive power when introduced into an RWY system in the process reducing
the margi nal predictive value of ML for G\P. These regularities are
docunented in the Actual Data panels of Table 3 and the Chart. These results
make it difficult to maintain the position, once the standard nonetari st
position, that the noney stock by itself constitutes an adequate index of
nmonetary policy, with any attention to interest rates a possibly n sl eading
distraction. But one can still take the position that, while both interest
rates and noney stock "matter”, this is no weakening of the evidence that
monet ary policy, which affects both these variables, matters. |Indeed a rise
ininterest rates is shown in the VAR i npul se responses to be followed by a
del ayed, but substantial and sustained, decline in real output, nuch as one

woul d expect if contractionary nonetary policy produced a recession

Il'l. A Non-Mnetarist Structural Model

We consider a purely classical, rational expectations node

in which the representative agent maxim zes

mc:[(l-ht)l'"l-r :
subject to
1
[C? + 2I3]§+T +m-p +b, -r p, b = ————IL————— (2)
t t) T PP - 2P P (149, V,) !
Y=ok n’ v o=vinm (3)
I, = K- 92K . (4)
Here Cis consunption, | is gross investnment, h is hours worked, mis rea

bal ances, p is the gross rate of deflation (price at t-1 divided by price at
t), bis the real value of the stock of one period bonds, r is the one-period
interest rate, Y is aggregate output, Vis velocity, and Kis the capita

st ock. et is a shock to productivity and ¢t is a stochastic process

determ ning transactions costs.

CGovernnent chooses r, m b, and taxes T at tinme t, subject to

t he constraint



TeM-PeM g™ Pere aPeog = % (5)
where x is expenditures, which are taken not to enter utility

or production and to be fixed exogenously.

The nodel has a | abor-Ileisure choice, a variable relative price of capital and
consunption goods, and transactions-based demand for noney. Because the node
has transacti ons costs absorbing real resources (the 1+¢V termin the

denonmi nator of the right-hand side of (2)), nonetary policy does have rea

effects in this nodel. A high average rate of inflation (low p), for exanple,
will inmply high average nom nal interest rates, high velocity, high
transacti ons costs, and | ower output. However, if ¢ is small, these rea

effects of nonetary policy will be small.

The nodel enbodi es rational expectations, but it does not produce the usua
concl usi on associated with classical rational expectations nodels -- that
unanti ci pated nonetary di sturbances are the source of real effects of nonetary
policy. That conclusion depends on introducing into a nodel persistent

di screpanci es across agents in currently avail able information. Because this
nodel has all agents alike, it is possible to verify that purely unantici pated
di sturbances to noney supply feed directly and proportionately into the price
level, with no effect on real variables. Only anticipated nonetary policy

di sturbances, which influence expected inflation and thereby the nom na

interest rate, have real effects in this nodel

We postul ate two equations to deterni ne government policy, one which can be
| oosely thought of as a fiscal policy equation and one which can be thought of
as a nonetary policy equation. They are

T, = .06(b, -2)+v, (6)

i

log|——| = .5*log(r(t)) + W, . (7)
PtM .1
In the simul ations, the exogenous processes ¢ and 6 are postulated to foll ow
mut ual Iy i ndependent first order markov processes, both |ognormal wth
aut oregressi ve paraneters .8 and .9, respectively. The standard deviation of
the disturbances in ¢ and 6 is .01. The determnistic steady state val ues for

¢ and 6 are set at .01 and 1.0, respectively. The x, v and w processes are
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al so mutual Iy i ndependent and independent of ¢ and 6. The standard errors of

x v.and ware set at .01l. B was set to .98, T to 2, and mto .7.

To solve and sinmulate the nodel, | applied the idea of backsol ving, which
descri be el sewhere [1984]. A quick summary of what this involves runs as
follows. One finds the determ nistic steady state of the nodel, then
linearizes the Eul er equations about this point. The resulting systemis

anal yzed to find unstable roots, which are extingui shed by addi ng equations to
the system This part of the process is equivalent to taking a |inear-
quadratic approximation to the original nodel and solving it, as did Kydland
and Prescott in a sem nal paper. However instead of sinulating the linear-
quadrati c approxi mati on, backsolving sinmulates the original constraints and
stochastic Eul er equations, obtaining a solution in which all the
approximation error is concentrated in the distribution of the exogenous shock

processes. That is, the resulting sinmulations are exact solutions to a nodel

with the same objective functions and constraints as the original nodel, but
with a slightly different specification of the exogenous shock processes. In
the sinul ations reported here there is no indication that the exogenous shock
processes have distributions very nmuch different fromthose originally

speci fi ed.

The sinul ated data panels of Tables 1 and 2 show results for a sinulated run
of 200 periods for this nodel.In this nodel there is little variation in

out put from any source except productivity shocks. |In steady state
transacti ons costs absorb about 3% of output, which is probably
unrealistically high, but the 1% standard devi ati on shocks to this 3% forma
negligi bl e source of output variation. The one per cent standard deviation
di sturbances in the growth rate of noney originating in w are naturally
treated as policy shocks. A regression of real GNP on current and | agged
val ues of these policy shocks in the sinulated data (not reported in detai
here) shows conpletely negligible and statistically insignificant effects of

t hese shocks on real output.

Nonet hel ess it can be seen from Table 1 that the asynmetric pattern of

predi ctive val ue between noney and nom nal inconme is simlar in both panels.
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Further, the pattern of inpulse responses shown in Table 2 is broadly simlar
Some of the apparently greater snoothness in the response of nominal GNP to M
shocks in the actual data nmay reflect the effects of tinme aggregation. Table 2
inplies that ML has substantially nore explanatory value for nomnal GNP in
the sinulated than in the actual data. This may reflect the unrealistic price
flexibility of the nodel, as discussed below, but it only strengthens the
point that a nodel with negligible nonetary policy disturbances can generate

strong G anger causal priority for noney.

Table 3 and the Chart conpare the sinulated and actual data results for VAR

i mpul se responses in a four variable system It can be seen that the negative
effect of interest rate innovations on output is reproduced in the sinulated
data, though the effect is imediate, instead of delayed, in the simnulated
data. The positive effect of nobney stock innovations on output also appears
in the simulated data, though it is both weaker and nore persistent than the
effect in the actual data. On the other hand, the negative effect of interest
rate innovati ons on nom nal noney bal ances is not reproduced in the
simulations. This probably reflects the biggest defect in the sinulated node
-- the discrepancies in the responses of price, the third block fromthe top
In the sinmulated data, price responds sharply to every kind of innovation; in
the actual data it responds nmuch nore slowy and weakly to interest rates and

money, and not at all to real output.

Concl usi on

The macroecononic inplications of these results are summarized in the
introduction. Here we consider inplications for policy and nethodol ogi ca
issues related to agriculture. Informal interpretations of reduced form VAR
i mpul se responses and Granger causal priority results are likely to be
reliable in applications where the nodel contains no financial or nonetary
vari abl es or where those variables are treated only as indicators of effects
com ng fromoutside the agricultural sector. |If we include agricultura
sector variables in a nodel which also includes exchange rates, noney stock,
and interest rates, and if we are willing to assunme that effects of the

agricultural sector on these variables are weak, we can reliably use responses
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to these variables as indicators of the effects of external forces on

agriculture

But when the issue is whether these effects originated in nonetary policy
decisions or in private sector disturbances to tastes and technol ogy outside
agriculture, the nacroecononic identification problens becone central. Then
policy conclusions becone highly sensitive to identifying assunptions, and
macr oecononi sts have not yet sorted out for thenselves which of these
assunptions are plausible or consistent with the data. This does not nean
that sophisticated tine series methods are no help in resolving these policy

i ssues -- rather the opposite. This paper’s nethods, in show ng that a now
popul ar way of viewing the data (the real business cycle theory perspective)
has difficulty in matching the actual data’ s price sluggi shness, offer prom se
that nore careful data analysis can contribute to sorting out the controversy.
And when a decision has to be made, some identifying assunptions have to be
made, explicitly or implictly. They ought to be nade with the best possible
anal ylsis of howwell it fits the data’s full range of dynam c cross-

dependenci es.



Table 1
Tests of Granger Causality

Actual Data Simul ated Data
F statistic for hypothesis that:
ML causes YN causes ML causes YN causes
ML 3672 1. 097 54.3 . 814
(.4X10-7) (.36) (.4X10-7) (.542)
YN 2.38 4881 7.39 9.77
(.042) (.4X10-7) (.2X10-5) (.7X10-7)

Note: Tests based on a 5-lag VAR with constant but no trend terns. For actual
data, variables were logs of nonminal GNP and of nonminal ML (the latter spliced
to maintain continuity across the split between MLA and MLB) over 1948: 1-
1988: 3, quarterly data. Sinmulated data are fromnodel set out in the text.
Mar gi nal significance |levels are shown in parenthesis below F statistics.

TABLE 2
Bi vari ate | npul se Responses
Actual Data Si mul at ed Dat a
Response to Shock in:
Qrs. Ahead ML YNOM ML YNOM
Responses of
0 0.73 0.00 1.00 0. 00
1 1.02 -0.06 1.02 -0.09
3 1.11 -0.06 0.94 -0.08 ML
7 1.04 -0.10 1.11 0.01
11 1.05 -0.01 1.14 0.09
0 0.21 1.02 1.04 1.11
1 0.50 1.31 0. 88 0.12
3 0. 83 1.66 0.90 0.24 YNOM
7 0.70 1.41 1.09 0.19
11 0. 66 1.52 1.12 0.20

Note: See note to Table 1. Al responses multiplied by 100 to give themthe
units of per cents. Each response colunn represents responses to one-

st andar d- devi ati on unpredicted di sturbances in the variable heading the

col um.
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TABLE 3
| MPULSE RESPONSES

Actual Data Si nul ati on
1949: 2-1988: 3
Responses to Shocks in:
Qrs Responses
Ahead TBILLS ML PGNP GNP82 TBILLS ML PGNP GNP82 of :

0 0.64 0.00 0.00 0.00 0.22 0.00 0.00 0.00

1 0.76 0.08 0.06 0.04 0.01 -0.00 0.01 -0.04

3 0.52 0.37 0.16 0.07 0.03 0.01 0.04 -0.05 TBILLS
7 0.26 0.06 0.24 0.03 0.01 -0.00 0.01 -0.02

11 0.08 -0.04 0.22 0.03 0.01 -0.00 0.02 -0.01

0O 0.08 0.58 0.00 0.00 0.16 0.97 0.00 0.00

1-0.25 0.83 -0.02 0.03 0.16 0.97 -0.09 -0.09

3-0.40 0.91 -0.05 0.05 0.16 0.86 -0.23 -0.083 ML
7-0.59 0.86 -0.11 0.09 0.20 1.07 -0.29 -0.02

11 -0.40 0.94 -0.06 0.16 0. 26 1.10 -0.24 -0.11

0 0.02 0.09 0.48 0.00 1.21 0.82 1.14 0.00

1 0.12 0.19 0.61 0.00 0.33 0.81 0.93 -0.41

3 0.24 0.36 0.88 0.00 0.70 0.64 0.70 -0.62 PG\P
7 0.41 0.49 1.17 -0.04 0.64 0.85 0.37 -0.61

11 0.41 0.50 1.29 0.00 0.56 0.94 0.24 -0.53

0 0.15 0.18 -0.06 0.8 -0.19 0.07 -0.85 0.35

1 0.16 0.26 0.03 1.02 -0. 27 0.08 -0.74 0.36

3-0.23 0.40 0.13 1.14 -0.40 0.17 -0.61 0.45 G\P82
7-0.80 -0.01 0.02 0.87 -0.33 0.16 -0.51 0.45

11 -0.80 -0.03 0.00 0.88 -0.23 0.13 -0.38 0.33

Notes: Actual colums are froma VAR nodel relating 3 nonth Treasury Bill
Rates (TBILLS), the noney stock (ML), the GNP deflator (PGNP) and GNP to 5

| ags of each variable and a constant term quarterly data. Al variables but
TBILLS were in natural |ogs, and the correspondi ng responses have been

nmul tiplied by 100 to give themthe units of percents. Responses are all to
one-standard-error increases in the innovation in the variable heading the
colum. Sinmulation colums are froma VAR estinmated from 200 peri ods of data
for r, m p and Y fromthe theoretical nodel laid out in the text.

11



REFERENCES

Ber nanke, Ben [1986], "Alternative Explorations of the Mney-Incone
Correlation," in Carnegi e-Rochester Conference Series on Public Policy
(Amst erdam North Hol | and)

Bl anchard, divier and Mark Watson [1986], "Are Al Business Cycles Alike?" in
The Anmerican Business Cycle, R J. Gordon, ed.(Chicago: U of Chicago Press).

Ei chenbaum M and K Singleton [1986], "Do Equilibrium Real Business Cycle
Theories Explain Postwar U S. Business Cycles?" in NBER Macroeconom cs Annual
1986, S. Fischer, ed.

Hansen, Gary D. [1985], "Indivisible Labor and the

Busi ness Cycle," Journal of Mnetary Economics V.16,

Novenber.

Hodrick, R J., N Kocherlakota and D. Lucas [1988], "The Variability of

Vel ocity in Cash-in-Advance Mdels," Northwestern University discussion paper.
Kydland and Prescott [1982], "Tine to

Bui |l d and Aggr egat e Fl uctuations, "

Econonetri ca, Novenber.
Runkl e, David [1987], "Vector Autoregressions and Reality,"
Jour nal of Business and Econonmic Statistics
Cct ober .
Sims, C A [1986], "Are Forecasting Mddels Usable for Policy Analysis?"
Quarterly Review of the Federal Reserve Bank of M nneapolis, Wnter.

Sins, CA [1982], "Policy Analysis wth Econonetric
Model s, " Brooki ngs Papers on Econonic Activity.

Sims, C A [1972], "Mney, Incone and Causality," Anerican
Econoni ¢ Revi ew 1972,

Sins, C A [1985], "Solving Nonlinear Stochastic Equilibrium Mdels
"Backwards’", University of Mnnesota Center for Econonic Research Di scussion
paper no. 206.

Tobin, James [1970], "Money and |Incone: Post Hoc Ergo Propter
Hoc?" Quarterly Journal of Econonics May.

12



