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How Lo Use bconometiic Hodels Lo Forecast

fiz e roduct bon

Ihe purpose of this paper I8 to describe the procedures
folivwed by Lhe Rescareh Depattment of the Federal Reserve hank of
Minneapolis in producing a forvecasi of national economic activity with

5 |/
the aild or a lacge coonomelric modoei. =" We produce such a foveccast once
a month, and this torecast foirms the foundation fer monetrary polic)
discussion within the Reseatch Department. This paper should be viewed
as a "how-to-do-it" manval, and 10 is not a theovctical discuscion of
economelvic models. 1L is ipntetived to be a docamentation of our procedords
so that cur stafl can produce our wmonthly forecast 1n an efficient and
systemai ¢ maaner. Forthermore, since reproducibility is one desiiable
characteristic of scientific experiments, it is hoped that thie documentaticn
will bring us closer Lo the poilnt where a fovecast made by ovne of our
statt members can be 1eproduced by any other statf member.

Reproducibility of expeviments is a voalid scientitic ecitericun
putr g2 becanss e allows leacaluy From past ezpeirtonce. When a aoin ot
rorvecast 15 made, was it due fo good luck vr did the forecaster reallvw
LW whot he was doing, i.c., under similar condicions could Lhe rorecasies
Gupiledate the quality of (hat forecast? Similarly, when an incocrect
iotecast Is amade, was the eiror dve to something completely bevond bne
forecaster's control or state of knowledge, or does the error help the

forecaster isolate a probiem in his procedure so that better lurecaste
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= For an excellent discussion of econometric models, see
introduction to the Use of Econometric Models in Feonomic Policy Making.
[ires ililier and Konald kaatz, Federal Reserve Bank of tliuneapolis
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can be made in the future? 1In other words, without a systematic forecasting
procednre, there is little information that can be extracted from forecasting
errors==there is almost oo leginipe Ly dnine

The bedy of the paper will focus primarily en procedures which
are applicable to anv econometric model so that it may be of some interest
to forecasters outside our own staff. The Appendix containsg some examples
of procedures which we followed in modeling certain kinds of experimente
where the details relate to the particular econometric model that we
use, viz, a version of the Federal Reserve-MIT-PENN (FMP) Model.

At the most abstract level, an ecconometric model should not
require any judgmental intervention on the part of the forecaster. The
model is designed to reproduce economic history in a reasonable way, and
the forecaster's role should largely be one of observing the outcome
produced by the model when it is subjected to the stimuli which are
expected to prevail in the future. However, as every economist is well
aware, the present state of ecconometrics and economic theory is such
that on models are incapable of reproducing the real world in an entirely
acceptable manner. Therefore, users are faced with the need to manage
their econometric models when they are used for forecasting.

Aside from theoretical inadequacies, there are additional
reasons why econometric forecasting models must be managed in the sense
of direct intevvention, which causes the model tn produce a result that
is different from that which is implied by historical statistical experience
alone. These considerations fall into two broad categories. First of
all, there frequently ocecur events of major economic significance which
represent a fundamental change from the conditions under which data were

gener ced during the historical period. Since such events did not occur




in the period of estimation of the econometric model, there is litrle
reason to believe Lhat the model will respond corrvecily to this new
stirali,  Thus, the forecoeter iv fared with the tack of maling tho

model respond in what he believes Lo be the correct way. kecent examples
of this kind of event include the vil embargo, the Nixon price freeze, 4
major public employment program, and the income tax rebate of 1975. The
Appendix contains examples of how we managed the FMP Model to deal with
some of these issuces,

A second reason for managing an econometric model derives from
the fact that, to the author's kaowledge, all of Lhe econometric model:
currently being used to regularly forecast the national ecopomy are
based on quarterly data. 'This means that the forecaster ig faced with
the task ol somchow using tne vast amount of subquarterly data that
hecomes available on virtunally a continuous basis. Incorporating thie
information flow into the quarterly model forecast is the primary tocus

of the body of this paperc.
1., Fiver-Periecd Adds

The standard way of incorporating current informatvion flows
into a quarterly model forecast is to make additive adjustments (adds)

to the structural equations of the model. If the equation
(i} roo: a t by

cepresents an actual stiuctural eguation of the model, theo, oo Lorve ot in,

nurposes, the equation will be coded into rhe computer in chie Forw

(ii) y :a+b}:t + A

t t

‘her we A are the add factors which most be supplied to (he wodel and

i

th cowpnor by the forecaster or manapger of the model. Thas, it i



clear that additive adjustments amount to changing the intercept term of
the equation while leaving the slope coefticients unaltered. By leaving
the slope coefficiente uncharped, the forecaster ie not chapzing the
implications of the estimated model with regard to alternative policy
assumptions (this statement is exactly true only for strictly linear
models). The adds, then, are the primary way that the informed judgment
of the forecaster gets quantified into the forecast of the econometric
model .

The forecaster's judgment with respect to the current level of
the adds is influenced by a vast amount of actual data and opinion
generated by the media. Bul the users of econometric models frequently
begin with a set of data generated by the model itself, which is known
as a residuals check. The residuals check is a listing of the past
errors of each structural equation in the model. In the context of

equation (ii), the residuals are computed according to the formula

w
[

Ve = a - hxt

where boch y and x take on their actual values in all the historical
periods. In other words, the et's measure the errors that the particular
equation has made when all the actual data were known.

By examining the residuals check, which is the listing of all
the OL'S, the forecaster can see the recent historical performance of
each equnation and come to some decision on the likely value that e, will
take on in the first forecast period. For example, if y represents
consumer purchases and the past six et's have all been around $4 billion,

then the forecaster might infer that the estimated equation is consistently




inderpredicting consumer purchases by $4 billion and, therefore, make

the add in the first forecast period $4 billion.

the subquarterly data which has become availahle since the last forecast

wittt nade Moathly data such as vpemplovment, inventories, and prices

will all influence the forecaster's judgment of the likelv outcome of
rhe quarterly variables, and, bhence, his judgment about the propev
setting ot the current quarter adds. Similarly, daily novements in the
stock market and interest rates may affect the forecaster's jndgment not

; 2
only of the envreut quarter, but also abont futnre quarters as well.,~
Thus, the subquarterly data may help the forecaster decide if the

appavent errors in the modc L predictions ave puirely random etrors or

represenl a structural change in the model.

Fach forecaster may have his own way of quantifying Lhe
subquarterly data into the quarterly forecast. However, we have fonnd
the employment data produced by the household and establishment sarveys
to be eonecdially usefnl and amenable to quantification becaunse of 1the

particalar constimction of the FMP Model. The following example shows

the procedure which we follow to force the FMP Model to produce a forecast
uf the labor sector which is consistent with the known monthly labor

market data.

2/

= For a more detailed procedure for using monthly data to

predier current quarter residoals see:  Paul Anderson and Tom Supel,
"Augmenting Quarterly Fconometric Forecasts by the Use of Within Quarter
taia," Foderal Reserve Bank of Miuneapolis, Working Paper #39 (October 1975).




odeel Adjastments to the Labor Sector

fhe labor sector of the FMP Model may be viewed as consisting
of three behavioral relations, for LMHT, LH, and LF + LA, and seven
idencities. Focusing on the variables for which we receive monthly
information via the honsehold and establishment surveys, and suppressing
those variables for which the feedback due to additive adjustments is
minor, we may write the system as:

(1) 1n IMHT = C, + fl(XBNF) + gl(HLU) + A

1 1
(2) 1n LH = C2 + fz(LMHT) + gz(LE) + A2
(3) LF + 1A = ('.3 + £3(LE) + A3

(4) 1n IMHT = In LEB - 1n IH

(5) LEBR = LE - LG

(6) 1ln ULU = Cﬁ + In 1U - In(LF+1A)

(7) LU= (LF + LA) - (LE & LA)

(8) (LF + ILA) = LF + LA

(9) (1E & LA) = LE + 1A

(10) ln "R = Cq + 1n LU - 1u LF

where the variables are standard TMP notation,ll the fi's and gi's
denote functions, the Ui‘s Are parameters, and Al, A2, and A3 are the

37 s N _

—flhc descriptions of the variables are as follows:

LMHT = man-hours in private domestic nonfarm business sector, including
proprietor and unpaid family workers.

LH = total hours per man in nonfarm private domestic business and
household sectors.

LF = civilian labor force.

LA = armed forces.

LE = total civilian employment.

LU = total unemployment.

ULU = unemployment rate of total labor force (including armed forces).

UR = standard definition of unemployment rate.

]

LEB employment in private domestic nonfarm business sector,

including proprietor and unpaid family workers.

14 = government employment plus the correction for the difference
between the household and payroll surveys.

XBENF = real nonfarm business product and product of households.




additive adjustments (adds) to the behavioral equations. Equations (1),
(2). and (3) are the behavinval equations, and the remaining seven are
identities. 1t is possgible te seolve this system containipg sivteen woe?
by selecting six of them to be exogenous. For purposes of within—quarter
adjustment s, we typically take as exogenous: (a) LA because ir is
exogenous to the entire model, (b) LE and LF because of the data provide:l
by the lousehold survey, (¢) 1C because the feedbacks to this variable
are generally small piven the magnitude of the additive adjustments thar
are typically made, (d) LH because the structure is such that either [H
or LMHAT must be exogenous, and LH appears easier to predict via fhe
establishment survey than LMHT, and (e) XBNF because it must be, i.e.,

the only way XBNF could be endogenous to this system is if A, is exopenous;

1
but the point ot this exercise is to determine a value for Al.
Given the exogenous variable assumptions a through e, the
identities (equations 4-10) determine a consistent set of values for all
the model economic variables. Call these the "desired" values which we
want to be solution values of the entire model. The adds may now be
detetnined on a single-equation basis from equations 1-3. This 1s doue

as follews: let a superscript * " denote the desired value of a

variable. Then the desired solution value for (1) may be written as

* * *
In LMHT = c] + EJ(XBNF ) + gl(UI.U ) + Al.

And the model solution without any adds may be represented as

In IMHT = Cl + EJ(XBNF) + gl(ULU).

herefore, in terms of the desired values and the solution values we may

write A1 as

My
A = In BT

1 n omr . [fl(XBI\iF*) - fl(XBNF}I - [gl([![.[)*) . g.l(lll.U)].




A bracketed term may be interpreted as the change in In LMHT induced by
a change in the solution value for that particular variable. For the
most part, these terms may be computed exactly, but an apnroximatinn
works quite well for the XBNF term, namely

(XBNF _— XBNF)
% Wi XBNF

FLGUNE") - £ (XBNF)
There rtemains the problem of establishing the change in output arising
from the exogenons changes imposed on the labor sector. At this rime v~
make only a crude approximation by assuming that the labor compensation
rate (PL) is fixed, and infer the change in labor income (YLS) Ffrom the
change in man-hours (IMHT) induced by the adds. Assume that the change
in personal income is the came as the change in labor income. Since
disposable income (YD$) 1s approximately 85 percent of personal income
(at the margin), real disposable income, and hence the first round
impact on consumption (CON) is easily computed. For small changes in
man—-hours, this usually serves as a decent approximation to the change
in output (XBNF). 4/

The other adds are derived in a similar way, and the computational

formnlae for all three adds are:

* *
I TN - .0l ULU", _ . XBNF - XBNK
Ay = Inlpgyr) - 0.6162 1n ( ot o ? T 0T R
* * ?\'
A, = ln(LH-- - 0.2829 1n(IMHT ) + 0.0508 ln(
* *
Ay = (LF - LF) - 0.183(LE - LE).
4/

—"Note that this procedure makes XBNF dependent on the adds,
and, hence, violates our assumption that XBNF is exogenous. We could
just as well have put the above words in equation form and added these
equations to our system, but we felt that this was an unnecessary
complication and addition of equations.




These adds give only the first forecast period impact--paths are discussed

in the folloving section.

{1 Poi e Adds

Uiace the rocvecaster has decided on the additive adjusiments io
the structaral equations for the first forecast quarter, he is then
[aced with the decision of how to carry the adds forward to each quarter
ot the euntire forecast horizon. Again, a wide variety of information
will aifect this decision; but if the forecaster can settle on a fix:d
criterion for setcing the vath ot the adds, the procedure is caacly
mechanleal, and hence reproducible.

NDne criterion rthat we uge at times i. that the path adds
should produce a forecast from the second forecast quarter and on into
the future which is the same as the model itself would produce if the
actual residuals for the first forecast quarter were exactly the saue as
the tirst period adds. This criterion assumes, in effect, that subquarterly
data are nsetul for estehlishing the current quarter values of the wodel
variables, but that the futucve forecast should be the model's and unot
the manager's.

A criterion which we use at other times is that the pezih adds
should be consistent with a permanent structural shift in the equation.
[n terins of equation (i) this ie equivalent to assuming that the troe
value of the parameter a has permanently changed from its historically
cstimated average. When this criterion is imposed, it usually follows
from carcful inspection of the residuals check data to see if they show
that the recent errors of the particular equation have consistently been

the ..ime order of maignitude or at least the same sign.




Some users of econometric models implement path adds by
assuming that the error of the last period of actual data gets carried
fapuard hy a getting of the serial correlation coefficrdionr +a 5 w=Tin oF
unity. We, for the most part, try to avoid this procedure.

The actual path adds implied by these various criteria depend
on the particular form of the structural equation. What follows is an
algebraic description of how to compute path adds for the various
algebraic forms of equations which are common to the FMP Model.

We will consider the proper way to make adds to an equation of
the form

= a + b + p + e
Yt t Vg ¥ Py ¢

vhece y is the endogenous variable of interest, a represents all other
variables, p is the serial correlation coefficient, e is a disturbance
term, b is the coefficient of the one-period own lag, and u_q is the

lagped error where u, * 3. = at - byt-l . We ignore feedbacks to y from
the other endogenous variables contained in a. It is helpful to consider

the vari~us special cases:

Setiing e, : 0, the forecast at time t=0 is given by
Yy °
¥y, = 8,

And, gencrally

where Yo without any superscript denotes the control solution.




With an obscrved e the forecast at time t=1 is

]’

%*
' ~ b + £
‘1 L 1
Lo - H .
= Z

And, penarally

®
Yo =8y o 12w
Vhen adds are appeaded vo the equatica in eacl periad shs

forecast path is given by
i &

y. ' = a1 add
21 1 4
vo! = a,. F add
-2 2 TR

And, generally
v = a, r addt

'n order to make the adds path correspond to the desired path
(i e., the path that would be generated bv the model when the dats 1o

time t=1 are known) set add, = e, and all other adds are zeorn., Aad if

1 1
€y Is ftuwc=rpreted as struactuval change, all adds should be equal 1o &,
B, ¥y a4+ pu e
’ ¢ Tl | L

Vhien all data are known through time =20, the rorecasi palic ot
y is produced by settling e, = 0. The model "control" soluticva i4 then

given by

yp = ay + pu where Uy = Y9 = 3
y2 = 32 + pul where “l = y1 e al = pu“
= a, +p vy
And, generally
vy = a -k ‘Il:“ -




Now suppose that, for reasons exogenous to the model, the

value ot e, is known. With the data at t=1 known, the model wonuld

produce a new sequence of forecast valnes (denctped b oae !
* 1 1
Y T A T Mgty
T
i . EY ; *x * _ ;
Y, < a, puy where u, =y, -a, = pu,+ e

2 0 1
= y2 + pel .
And, gencrally
* A
Ye T A, t Pas 2
2= y[ k thinl .

When forecasting from time t=0, knowledge of the data ai time
t=1 may be incorporated into the forecast by a sequence of constant
adjustments (or "adds'") to the control solution. This new sequence of

foreca:t values (denoted by ') is given by

Yy < al + pug i udd}

| = ;'1 + ;1dd1

ro_ . u ! LI .
Yy a, 4- puy + add2 where uy uy pug

2
‘ = a, 1+ p ug + add2

= y2 + addz.

‘ At this point in the analysis, the way that the model solution

is programmed becomes important. In our version, the ui's are calculated




toy all future

calonlated auew

vl oy 4 oadd
L "L L
Vo rrsar o ake fhe Lovecssl sequunce cocrosin bl '
dent ol sonueece which ducorperates the knovledge of the Fivee pex oo
. * .
disturbance, pick the adds so that yt' =Y os dees,
r--1
+ add_ = 4 e
Y G T Ty T 1
t-1
or add, = e .
T 1
At times ¢y My b duterpreted as a structural shife (in the
; . * )
intercept) of the cyuation, i.e., a, = a + e - Beginuing at t=1, Lhe
destoed terecaost sequence 15 then
#* * ’
= d Cpu
' 1 " "
= 31 + ul + [-nn
v b o
17 5
:.- * - # " : * *
P 3 N W : = | a !
7 9 uy ere u, 1 . v,
dy k8, F {2
¥ - X L 8
1 0
And, geverally
* 4
v = o
Jt yt e‘lo

periods at the beginving of the simulation, and are not

for each different set of adds., Tn other words, u.' de«

)




= Y ==

Using the above scquence of y's with adds, it is clear that
the sequence of adds which represents a structural shift in the equation
is given by

add = e .

t l
0u occasion the medel is run with a p value set eanal te one.

This produces the seaunence
Y = a, +u

gl | 1 f)

= yl + (l—na)uo since yl = al + pauO

where P  denotes the actual rho used in the control solution.
il

T = . AR - SRS | =
Yo 2, oy where iy =g
s + 4 2
T T T PR % T Pa
= 7 -4 i A
¥y = a )IJU

And, geacrally

C
Vom oy -+ i
Ve ‘t ( Pa )UO

Note that setting p=1 is equivalent to an adds path where the adds are
given by

add, = (1~uat}uu

In general, setting p=1 is not equivalent to the assumption of a structural
change.

If one assumes that the new path must be parallel to the old

one, i.e., yt' = J A yl' - ¥q» then the adds are determined by

addt = yl



which is equivalent 1o the structural change adds.

¥ 3 = :'._ | :';. L
I . g L
Ubhaon all data ave luewr chrongh tiuwe t20, and o o U, <Ly

L

control solntion forecast is given by

=y g + I
Py By F by

’:Z : ty ¥ f-_','i .

And, gencrally

vy a4 hy . .
£ L }L"'

When there is reacon tn helieve that e, is some known povnzeco

1

number, then starting frewm t=1, the forecast path becomes

* b
)’1 _ dJ_ I"’l: b (J.
b Sk
* _ 4 +
Vg =&yt by
= @y hyl ! hel

f
~
b3
Fo2
[

And. penerally
*
t

1]

t-1
+ &
y Ye b €

The sequence of y's with adds is given by

r b= a4+ ph
31 il Iyo + add1

= ¥y + addl



Yy = a, + byl + add2

a, - byl + b addl + add2

= ¥y + b add? t add

yj' = a_. + by,' + add

3 2 3
2 .
= dg i byz i b dddl t b ddd2 + add3
; 2 ’ ;
& _\,,3 A b c.ll_la.ll t b ril!llz + add3 .

Aad, geoerally

% add

T
y '=y + § b
t .

i=1 &

t

To make the adds sedvence consistent with the known data

sequence, i.e., yt' = yt*, set adds according to
¥y ¥ ad, = gy e

or addl = e

And
Yy + b add1 + add2 =Y, + be1

or :tddz =0

Similarly, all other adds are zero.

*
It ¢ is deemed a structural change so that a =4 + e,

then the equation generates the forecast sequence

* * i
1 )

i
“a; by ¥ by

yl + el

g &g " *
2 "y thyy

]
(]
+
m
+
o
-
=
+
o
1
—

il
<
o

&
(1]
+
=
m
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il gellerally

he adds sequeance is dececrmined by

L 4 ol -'I = A I
d Y e;

i b “dd'i 4 oadd, = v 4+ e + he

L 2.7 ¥3 1 1

O ildd_, A% ek

L

Siwilarly, all adds ave equ2l Lo @y .

(f one applies 1k eritevion that v' chonld be parallel + . |

i o ~yoEm oy ey then the add scquence becomes

1

hoedd, 4 add, = v, = v, = add

add,, = (1l-b) add

f A, kb oadd, 1 oadd,

2 p
2 S T |- - add I & = P
. | Ti = b(1-bj d ld_j add

.nlc_l,} = (1-b), e-idd}L

‘A y S allwy

addr = (1-h) addl

The general statement follows from the fact that since

5% sag,
1

.
-
'
b
ti
IS

i



. , ' _ . - 3 ....
and Yoo Vi3 111 b addi
We o lely wlite
t -1 .
V' ™Ay = _), h add, + add_
i=1
t-1
=D 5 IJL bes add, + addt
i=1 '
= h\yr_l - yt‘l) + addt

= b addl + addt .

Therefore., to have

h add, + add = aldd
1 L

1
we must have nddL = (L=b) addl
. y = a_+ by _ + toe
D Ve lt i hjt~1. pltvl tt

When all dara are known through time t=0, the forecast path of

y is generated by setting g = 0. The model "control" solution is then

given by
¥ = 3; * by, + pu, WhEXe My = ¥~ 8~ WY,
Y, = a, + by, where u, =y, - a; - by, = pu,
= a, + h)l L "y

And, generally

t
) = ; + A
v A g h}t‘l P Y

Now suppose that, because of intraquarter information flows,

the value of e is known. With this information, the model would

produce a new sequence of forecast values as if the data were knownv

through time t=1 (of course, this assumes that a, is known or, equivalently,

1

thar , is ddentified). Thus




i
\—,l l‘
RS
*
g %
= az
T %
= iy
Y4
And, generally
* .
Yt = Yt

When forecasting at t=0, a new sequence of y's may be gencrated

Jhich ineccrpovates

(ot "addns"). This

L *9

g~ T

® A = X
+ h)] t pu wvhere u =y S gy b = gl

2
“+ hyj + be, + pu,. + pe

1 () 1
+ bei + pel
' ¥ 3 * * ' % "
i hyz } ﬂUZ where n2 : yz - a, LY
2 3 2
’_ E 4 e o + 13 - »
hy2 bor el kb Ll 4 “0 t p tl
b } r o’
h e+ b + pTe
) Cl i ﬂe.J i LI
-1
g b oRUI gt
1 .I.“
1=

the intraquarter information via constant zdijuiimonts

sequence 1s

1 byu + pug - add

1
] n\ll.]1
-+ byj' s pulf +add2 where ul’ ==
+ by, + b add, + 2 + add
1 Judy - B L Teesy
+ b addl 4-add2
1 LI 1 ' == = r,?'1
+ by2 -+ pu, £ add3 where uy Wy = 67U,
+ by, + bzadd + b add, + 03u + add
: 1 2 0 3

2
+ b adrl1 + b add2 + add3 .

i 1 | ( T



Apd, generally

Hote, 4s wenticned above, that the definition of y Is dotorained

by the particular solution routine of the model. Tn our particular
instance, the only way that adds are carried forward is through cwnp
laape,

In order to make the forecast sequence corrvespond to the
sequence that the model would produce if the data were known, set the
adds so that yt' =y

Y4 1 addl =y 4 e

‘1 1

or addl = e[ .
And Yy + b ddd]. i ddd2 =, b be] + Del
or éidt12 = Oe] .
And 3 i—bzadd + b add., + add., = +b2’ + bpe +J2<’
o ¥3 g VN REEg T Bey T Vg %31 ey T B8
or J(_ld] w0 u]
And, generally

il }thla

add £ ey -

If e ls inteipreted as a structural shift (in the intercept)

*
of the equation so that a =a + @ then the model produces a new

t 1’

sequence as if it had a new intercept, i.e.,

% *
y; =a + by

+ pu
l F

0 0

=a, +e, +
1y ey 1 byo +Dlu0

- +
Ty




And. genarally

Lo order to make the adds consistent with the styucbLiral ebifs

interpretation, they should be set according to

S ne Ay - @
yl add.l Yy + ¢ |
01 adcl.l == e:l
PETVTN y, + 4 ri.5| ."Ltinl) B o o nel
or :-.1dd,J = e] i
Aund, generally
addL ey -
If =] Loy
L € S ! i I N -~ P
Yy 1y b)o A t {ﬂuo Fa“O
. 1«0 )
_,rl - (1 J)a,lll)
y 1 o= v (¥ ! ! .3 e v
)2 .a2 b by Yy vhere ty L
. 2 ki
s a, + hyl | h(l.--('a)u{J + SN -+ (‘a uy - pa g
=9, + bru. + (L1-p 2)u where g = !-p
2 0 a 0 a
o A s ¥ + |
y3 dq i b)2 g !
2-- 2 3 ! :
4 - by, hA 4k ] 4 1N Jo P 1 t
1 },2 f+ I"n(} Fob(l R )“ﬂ ty F T TG _ .

2 2 :
= ot i} f {--0 i
'3 FLPu F B B }11{. - [1-;d Yu




And, genecally

¢ -l v L-i i
L] s
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Bv folloving the procedures described in this paper, ¢ ic
possible to produce a reasovably systematic forecast of future ecounomic

events.  The value of sach a forecast to any particular organization
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depends on two factors: (a) the quality of the forecast, and (b) the

nature of the organization. Assuming that the quality of the forecast
is good enough (this is discussed below), the forecast of natiopal
measures of economic activity may be of little use to a particular firm
unless it is able to systematically relate its own business to national
economic developments. Our primary concern, of course, is with the
impact that changes in economic policy will have on inflation, output,
and employment. Thus, we typically produce more than one forecast--our
bhase forecast embodies our best judgment about the likely paths of
monetary and fiscal policy, but we then produce forecasts with alternative
monetary and fiscal assumptions so that the policy maker has some idea
of the quantitative range ot various policy decisions. It is in tl.:
context of producing alternative forecasts that using a formal model
becomes very important to the forecaster. For it is this formal structure
which makes the production of an internally consistent alternative
forecast possible in a minimum amount of time.

Production of some kinds of alternatives involves simply
changing Lhe forecast path of a single exogenous variable. This would
be the case for a change in the money supply path or in the level of
federal government purchases, for example. Other kinds of alternatives
might require alterations to the structure of the model, and thus would
require the user of the model to understand the particular mathematical
equations that were being used to generate the forecast. Examples of
this type of alteration to the model include modeling of public employment
programs and income tax rebates--our alterations to the FMP Model for

these experiments are shown in the Appendix.




On the issue of quality of the forecast, we, unfortunately,
have little to offer in the way of quantitatively evaluating the procedur:
described in this paper. There are a number of facltors which can contxib. -
to producing a poor forecast. The most obvious source of error is the
accuracy of the assumption about the set of exogenous and policy variables.
The projected paths of the money supply and the federal budget will
significantly affect the forecast values of inflation and unemployment
in virvtually all econometric models in use today. A glaring example of
the importance of a reasonably correct federal budget projection occurred
in 1969 when most forecasters underpredicted the strength of the aconcmy
because the budget implications of the Vietnam escalation were grossly
underestimated by the adwinistration. Because of this dependence of the
forecast on the policy assumptions, we refer to our forecasi as a conditional
forecast. A conditional forecast carries with it the implication that
any evaluator of our forecast should consider the accuracy of the policy
assumptions before rendering a final verdict on the overall guality of
the forecast.

A more subtle, but sclentifically more important, laclor
atfecting the quality of the forecast is the quality of the ecouom=tiic
model that the forecaster 1s using. Establishing the quality or 4
particular model is a difficult task; however, the evidence that does
exist does not speak well for existing models. A great deal ol worlk has
been done which indicates that naive models of a very simple mathematical
form (e.g., the percent change next quarter will be the same ag last
quarter) can predict better than large econometric models. We tend to

discount this sort of evidence a great deal on the grounds that the




naive models tell us nothing about the process that determines the value

of a particular variable, and it is this process which is important to
the policy maker, especially when there is reason tn he reonecarnad she
alternative policy choices.

Similarly, small models, i.e., models with few equations, are
subject to the same criticism; but in addition, small models are conditiconal
on a different set of information than a large model. That is, small
models generally require a set of exogenous variables which encompass
more information than the set of exogenous variables in a large econometric
model.

The crucial test of whether or not a given econometric model
captures the way the world really woiks is to test the predictio): of
the entire system of equations as a whole against the data that is not
included in the estimation sample.éf The idea behind this kind of
statistical test ié that there exists a certain amount of randomness
that is inherent in the world, and a model which properly quantifies
this randomness may be a very good representation of the real world.

The crucial test, then, is whether or not the prediction errors are
consistent with the errors implied by the randomness quantified in the
estimated model. Unfortunately, the implications of the systems tests
also provide negative evidence about the quality of large econometric

models as we know them today.

5/

— The only system test that the author is aware of is reported
in "Tests For Structural Change and Prediction Intervals for the Reduced
Forms of Two Structural Models of the U.S.: The FRB-MIT and Michigan
Quarterly Models'" by T. Muench, A. Rolnick, N. Wallace, and W. Weiler,
Annals of Economic and Social Measurement (July 1974), pp. 491-519.
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It is this kind of evidence which leads us to the conclusion
that large econometric models need to be managed. We believe that
following the procedures described in this paper can significantly
improve the forecast accuracy of the models, and thereby render them
useful devices not only for prediction but also for examining the implications
of alternative policies and structural changes. The evidence in support
of this assertion is as yet meager, but our experience has clearly shown
that a managed econometric model can predict better than an unmanaged
one. Whether or not this is good enough is the question that we will

continue to explore.

V. Summary

In this document we have described the procedures currently
being followed by the Research Department of the Federal Reserve Bank of
Minneapolis to produce forecasts of national economic activity. While
| we recognize the fact that a reasonably accurate forecast of single
aggregate variable, such as real gross national product, can probably be
generated with a much simpler statistical device than a large econometric
| model, we believe that properly managed large models are extremely
useful as the foundation for prediction. The state of economics as a
science is really quite primitive, and we are a long way from being able
to write down a mathematical description of the world which will generate
a useful forecast of the future simply at the push of a button.
The models which exist today must be managed. And in managing
and using these statistical descriptions of the world, we will hopefully

discover ways of improving our understanding of how the economic agents

in onr economy react to various kinds of stimuli.




Finally, we note that while the purpose ot this paper vas (o

systemattee the torecastiog procedure, 1t by wo means reduces Foleral o

taa mechanical pracess.  We bave given no eriteria which lead 10 2

cledr devision when an add should be interpreted as a raadom disluibouce

ov as s sris paral channe We bhave given no evidence that taige coonowel .

models such as the FMMP Model arve useful for analysis of alternative
mete ¢y, add tiscal policles.  These are amoug the issues whivci & oo .

wirtd contfuwe to debate; meanvhile, there remains a laryge eleaent ol an

in preducing a quantitative forecast of economic activity.
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Appendix
I civls apperais we will describe, via specific ceamnfes gom
Gty wdys Lhdl owe Monane the FHY hodel. For oveadey ;o ave i

sowe other econcwetric model, the cxamples may at least suegesi an

appreash to adapting auy pavticular model to the phenomena roceideped

I The simplest tvpe of change Lhat we can make to the FMP Modol g
change the path ot o siogle exogenous variable. For forecasting and
policy simulation purposes, we run the FMP Model with the money supple
as an exogenons variable. (It should be noted, however, that the moucy
demand function is estimated with the stock of money as the depsedent
varialite ) Thus to simulat  any money supply policy, we need only
specify the desired quartesly growth rates (at annual rates), and the
model will automatically translate this into a consistent set of ocipu!

and interest rate variables.

PAE In the FMP Model, the expenditure side of the federal budget is

divided into seven distinct variables, all of which are exogenous eyeepl

ane, the level! of pavmeats tor unemployment compensation.  The projsct o

of the six exopenous variables represent our best judgment of the Tilkely
budget based on the official administration budget and the actions of
the Congress, and the level of unemployment compensation pavments are
determined by the level of unemployment which the model forecasts. Thus
modeling any specific assumption about the level of federal exieonditnures
is simply a matter of specifying a path of the six relevant variabhles so

as to achieve the desired target of total expenditures. Producing the
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tecived dewal orf total exvenditnres freguently involves more than one

vial becavso of che Joedpack which the nodel geverates on the Loeol ot

ey o e ompensat fon Dament s,

1. aedotia. o rederally egacted public emploveent progrom cogeives a
vipere o e b @b le iy bang becanse the legisiation specitics Luth 4

s Bl Vet s ces b e g et Of e s0ns Lo bt oeegd e b
vl Pl B SR [ PR T I o talentat ton, © :pous rha Prei e da et g an

one cnagcied do Becewbes 1974, called for an expenditure of 535.0 piilion
o euplo, 390,000 poeieins This fmplies an average anvual vape ol
S10, 000,

Thee rivet adins went Is to increase Lhe grants countasnt of

Pendod e tionsg e U 0 il ion, assoming thist this is cutivel :

aee addicion to the expenditare level 1n the base forecast. The increasd

in ftedoral pranis (o stave and local govevimnents will aontowaties) iy

rueces e stare anl loca! cependitnres beraase ol the congtvaction o Ll

wdel cynectons la ihe srare and Jocal sector. llowever, Lhere aicc choes

csquatious wbiiech detfane e ometitures for the state and local secror- oo
Lo e peandliaves on o sapes and salarcries, and two olhers.  Inoovder oo
haneel Al of e fnecease in grants dnto public secior employmem | i
Py onecessasy fo omabe ar oadd to the wages and salavies eguabion to toie
ne change du this varisble to be exactly $3.0 billion and to orfset
this add iy tone other cquations so that their levels do not change esen

vhough prants have increased.  Once the new level of state and ool

sovernment expenditure on wages and salaries is established, the caploysa
: 1% !

target is recched by adjusting the average wage of stare aund 1ooal
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governmeut employees-- in the FMP Model it is actually the reciprocal of
rthe averape wive that is an exogenous variable.

The adds to the structural ecuations describing the srate and
local sector mnst be calculated tor each quarter of the forecasl because
the equai fons 1opresent the histerical experience where the expenditures
of state and local governments do not adapt immediately to a change in
tederal prants. The equations also indicate that total stats ard logal
expenditures will aot sxpand by the full amount of the change in federal
grants, and this Ffact must be recognized in calculating the adds if it
is assumed that the legislation will truly be effective, i.e., if it is
assumed that state and local governments will make this net addition in
emp loyment and not simply sabstitute federal monies for local monics to

pay thelr wage hills.

4. An income tax rebate, such as that of the second quarter of 1975,
is an cxample of a model adjustment which doesn't require computation of
path adds since bt is simply a one-shot change in income. (Note that
consup oo expenditures over time will be affected by this iancome
citange, boei tha' s not & problem which necessarily requires structuval
adds.  The behaviorael cquations for consumption expenditures arc estimated
te automatdicat! - distcibute the change in income over a long period of
time.) Since tihe tax rebate of 1975 was distributed via checks from the
government te pevsons, we chose to model the rebate as an increase in
federal transfer payments. (Note that this is contrary to the official
National I[ncome Accounts which record the rebate as a negative receipt

of personal income taxes.) Thus, our first adjustment was to increase
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teavial transfer payments in the second quarter of 1975 by $32.8 billi-wn
(8.2 birition actual rebate at an aunual rate). Because of the particul:.
structure of the FMP Model, this adinstment dincreaced nrrmane s
$32.8 billion; but disposable income was increased by only about H5 perceni
of this amount. We therefore made an add to the equation which compate:
personal tax liability ftrom personal income in order to feorce =11 ot rhe
tebate into disposable income.,

The increase in personal income caused receipts in three other
tax equations to rise--0AS[ taxes, unemployment insurance taxes, and
state and local taxes. Since we assumed that the entire rebate was

nontaxable, we made offsetting adds to these three equations.




