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Forecasting the Effects of Government Fiseal Folley

by Eemmeth J. Arrow
A{This renort leans heavily on discussions with S, Cobr, G.T. Gunn,
Sobre Hageﬁ, ﬁ.ﬁ, ~Nelson, and A. Swmithiss 6? the U,~. Dureau of
the Dudget, 7.4, Brown of the Departuent of Heeonstruction and
Supply, Canada, and J. Marschak, Cowles Commission. )}

1. in whabever time is left sver from work on the Federal
budget proper, the Fiseal Anaivsis Jivision of the Lureau of the
Budget investigates, partily on its owr behalf and partly on behalr
of the Council of Economie ~dvisers, the effectof various possible
alternative government fisecal voliclea on national income in one
of ita various forms. It is also irvtersested dilrectly in the fores
casbing of varicus tax yislds. Corcern is divided between the
nutieonal income effects of government expenditure policles such
28 the ‘arshall Plan and the national income anc¢ governuert revenus
effects of tax rates,

To answer thesa@uastions, the uvsual Keyneslan model, based
cn consugptlon d4s a function of disposable income, is used., The
princlipal rovelty is.tha considorably refined method of handling
taxes. In many models, total tax collections (more precisely,
scerued tax liabilities) have simply been taken as exogenous,

#8 theo govermment fixes tex rates and rot tetal tax return, the
assuption that the latterrabther than the former aye 8 Xogenous is
clearly 1nadmissib15, on theoretical grounds, Even for practical
forecasting considerations, the f orecast cannot be maede by treating
tax returns as exogerocus, slnce one would not know what level to

assume for them without knowlng tho national income to be forecast,
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©e Delalled Analvysis of tie Dudeel Burean ¥odel.

The basic equations, (as in any Keynesian analysis) are the
consumption relation
(2,1) Q::._cz‘y-, + b,} |
and the identity f
N i~ ral
(2.2) C + T+ A +F + 5 = Xﬂ‘.

where 0

£

perasonal consumptionVexpamdiﬁures;

Ylm Giszpesable perscnal income,

Io= grows natlonal product,

{ = expenditures on procucers' durable equipment and new
construction

H = stock of inﬁentories,

‘B’!

1]

net foreign lnvestwent,
G1= government purchases of goods and serviceas,

and AH x H - H-l,

There are two equations in ssven unknowns. Two of the five degrees
of freedom are eliminated by taking F and Gl a5 exogenous, or,
better, predeterminedviith respect Lo a certain quasl-complete
model. F and Gy are ‘certainly not independent of the rest of the
¢conomic s ystem in the long rurn, This viewpoint will not be
challenged here, but it is to be remarked that forecasting these
variables may still involve difficulties. G, cen presumably be
deternined from a detalled knowledge of the projeects of the govern-
ment. A question I should 1ike to raise is whether 1t is the value

of G in constant or in current dollars which should be teken as
given. The first means that ‘the governmentts policy is to decige.
on a fixed program and spend whatover mohay is required at current

'prices; the second means that the program is increased or d ecrsased
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according as the price level falls or rises insuch a way as to
spenc the preassigned sum of money, With thepresent scalse of govern-
ment expenditures, relatlvely small (pﬁrcentagewise) errors in
forecasting Gl may give rise to aporeciable errors 1n forecasting
national income via the riulitlolier effect, OF eccurse, this is nog
a major source of error.

If gdefinite policy of contracyelicsal variation in gzovermment
expendltures on goods and services is adopted, Gl can no longer
be t aken as an Bxogenous variable., Instead, the aquation embody—
ing the poliecy must bs added to the system,

Forecasting foreign trads is much more difficult, in prinelple,
than forecasting governgent spending. In the prewar period, F
was probably a function of csritaln aspects of the domestic economic
situation, sc that assuming P to be e xogenous may involve an error
in fitting a model to prewar date. For the present, forecasting
I by assuming that foreign countries will buy as much here as thelr
| doller supply permits is surely satisfactory. Note thet in this
case, it is thewlue of F in current dollars.and not that in con-
stant dollars wilch can be tsken as exozenous,

mven t aking Gl and F as exogenous, we ars shy three e quations
of a complete system. The Bud -et buresu has concentratsd attention
on analysls of' the differsnce Ei - Eé, whicht 1s largely, though
not entireiy, camposed of tax collections, which in turn are re-
lated to Yi or Yé. The three mwajor kinds of taxes are indirsct
business tax and nontax liabllities, which ave related to groas
national product, sorporats profits tax liability, which are re-
lated to ¢orporate profits befefa inventory revaluation, and personal

tax and non-tax payments, which are related to personal income,
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{(Note that there is implied in this classilicaticn a theory

of varylng behavior on the part of businessmwen as agaiﬁst
consumers, The former are suppossd to react to tax liabilitles,
the latter to tax payments.) Other relevant variables are
business reserves, dividends, tranafer payments, and contributions
to soclal insurance funds, The Budget Bureaut's "basic table"

may be represented by the follewlng relations.

Let Gy = Compensation of employees by govermment
- and government enterprises

¥z = private zross national product
Y, = national income

¥g = personal inccme

R =— capital consumption allowances
Py = corporate profits sand inventory valuabtion
, adjus tment
Pg = corporate imventory profits {the negative of

corporate lnventory valuation adjustment)
Tl = Indirect business tax snd nonkax liability
4+ business transfep paymenis = subsidies
current surplus of govermment enterprises
Ts = net lanterest pald by government -- governnent
transfer payments + business transfer payments
- contributions for social insuvarce — excess
of wage aceruals over disbursements
Tz = corporate profists tax llebility
T4 — personal tax and nontax payments
8 = undistributed corporate profits.
All conespts are taken frowm the National Income Stpplement,

Survey of Current Businegs, July, 1847 {reforred %o zs Kaztionel

Income).




Identitles:
(2.5) Y3 = Yg - Gz,
(2.4) Y4 — Yg - Tl - R,

Government Tax rolicy Equations:

LY
(2,7) Ty = & }‘,3 ‘f'ﬁ“
(2.9) T o= s (KrR)+f
(2.10) T, = 7 x Tt f)"f .
Economic Behavior Equations:
(2.15) g = ‘aé(}‘}l + 1"2"‘?3) -+ b4.

To these we may 8dd the sssumption that Gg is exo=

genous. Even wlth this assumption, we have added twelve equa-~
tlons and twelve varlables and are thus three equaticrs short of
a complete systom.

The'number of equatlons and variables can be reduced by
eliminating the identities and govermment tax policy equations,
Vzliminating Yo, Y30 Y4, Yy, Tys To, Ts and T4 from equatlions

(2.2) - (2.10), we have

(2.24) (C 1—‘_[_'1-,.{);1 + F + &,
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where the )r's are functiqna of thse. q;'s andfg 's.
The economic behavior equations {2.11) - (2.13)
become
(2.15) R=4« [3’7 (), !)é;i')fgf’ +J:,P+C)3 P-@QS"-:%_]
+' L)

{2.18) - (13[& f-/tﬁ ;)/‘ .fhf..,..}',f +J'3-f"fjé JFJ-?].,L{
(2.17) s = :,f}:(l x3}(/,'+/‘°) /}_7‘7“/{

To recapitulate, the szt of equations implied in the
"basic table", together with the Keyneslan consumption squation
and inceme identlty, is contel ned in equations (2.1) and (2.14) -
(2.17). The endogenous variables are G, Yq. I,llﬁﬂ, Fys Po, 8
and R; the exogenous variableas are F, G3, Gp, and tho tax rates
reflected in the variables ;ﬁ , ...,Jﬁ and Qx%_(ﬁhﬁse variable s
ars not independent),

3+ Some Comments on the Budget Buresn Modsl

Mne question that srises iz vhether the varlous guanbi-
tles appearing in the akove relatlons ave real oy monstary. From
the viewpoint of the tax rélatioms, 1t is clear that thoy must be
menetary except in (2.7) whore the prevelence of specific execlse
taxes suggests that ¥3 should be taken as real. The various idene
tities c¢an be interpretsd sither way; in (2.2) and its eculvalent
{2:24), however, /) H should be replaced by the value of the change
in inventories if monebtary guantlties are used, From now on,

.'this term will be written as -»‘AI-? where ﬂfi is the change in veal

lnventories and p is & sulteble general price levsel (perhaps the



B.L.S, wholesale price index). The economic relations (2.11 -
2.13) and their equivalents (2,15) ~ (2.17) e be sbout as
plausibly defanded on elther Interpretation of the symbols.
The consumption relation (2.1) presents difficulties, Usually, it
has besn assumed to hold for real variables, on ths.basis of
thecoretieal raésoning as to the rational behavior of the consumer,
If the true relatlon is betwsen real consumption and real irc ome,
we have

P = "-"1%'"" by
or

C = aqY + byp
Note that the mar glnal propensity for real censumption out of
real incomes 1s 2 while the mérginal-propensity for moneatary
consumption ocut of wmenetary income {mcasured by time derivatiwes)

is al‘f“blg%. As %§ may be teken greater than zero, the latter

marginel propensity is usuaily greater than the former. To take
account of amoney illusion, 1% would perhaps be best to rewrlte
the consumption equaticn as
(3.1) C = a1¥ +b3p+ ey
With the change sug.ested above, the ldentity (2 1)
is rewritten, letting all variables be monsetary,
(3.2) © +I+ pAH+F+ Gy
| :é’ny,ﬂ}lﬁx*?fﬁ' E*Jf/’e‘*&!ﬁ*‘% St 4.
We have now seeumlngly Introduced an additional endogenous

variable, p, but actually, we can now wrlte down a definition of




inventory profits, so we also have an additional relation,
(3.3) Pas{p=p_y)H 4

Needless_to say, 1 have ignored a number of problems
here. For example, I have identified the price & propriate to
consumption with that @ propriste to inventories., 4lso, there may
be some questions as to the Pelation.between Py as deflned in'{é.s)
and Inventory revaluation adJustment as defined by the Comnerce
Department. | |

There are some plausiltle alternatives tc the relations
(2.11) - (2.13) on which (2.15) - (2 17) are based. (2.11) might
be generalized by inciuding K.1» the stoclt of durable producsrs!

goods at the beginning of the ysar as an additional varisble,

(3.4) K= 41[(), ):'r‘(_,h-f)ﬂ,"fffsf?-n)'ql’,4,&’£J+y1]
~t b\.'fa #{l “F ('p)

(3.5) K+ K_ 4 28

(2 12) offers the grostest difficulties.  If we assume
that corpcrate behavior 1s not signiflcantly diffefent from non-
corporate and that the desire of an snterpriss to assume an in-
‘corporated form is based on exogenous institutlcnsl Tactors, we
might assums corporate operating profits {i.0.5 exclusive of inven=
tory profits) form & proportion of national incoms other than
wages and salaries (Ps), the proportion belng itself subject to a
trend, |
{3.8) - Py= agPs 4 bzt 4-cz,
vhere t 1s time (in years). This introduces a new endogenous

variable Pg.' Let ¥ be lobor incoms from private businoss {compen-



sation of employeses other than military and government clviiimm
wages and selaries), Then _

For W, Klein on thecretieal groﬁnds suggested thet W depends on
national income other than military and government civilian wages,

The same must therefore te true of P&' Hence

(3.7) Py = ag{¥, - Gg)‘f"bsin; - Ggloy Tt et 1—dg.
The lagged value of ¥4 - Gy reflects the role of antle
clpations in buslness decisions; ¢ reflects the gErowling sStrength

of labor unions.,
(3.8) Yy= 5: Y,+ N g? A 'f'{.r - $) |
whare 1? *ce> Ss-are funetions of o 127 la"",‘f! Fsllé?;ﬁ‘/;
(3.7) is essentidlly a profit maximization theory, -
{3.7) has been shown to have & close f1%. It is equi-
valent to Kleln's (3.3.12) in his monograpﬁ or {3.4} 1m hie pap er

Ihe use of econometric Mmodels vea

This theory doss net vreclude that profits poy se may
effeet corporationa! pricing velicles., It merelysscunes that once
prices are set, the corporaticng adjust oﬁtput an: demand fop
labor as to maximize profits. Discussion of pﬁiae-adjusting equa~
tious will‘be_deferrad to the section.on oquations needed to come
plete the system.

{2.13) might ve modified in accordance with Tlubergon's
squation for divlidends, Lejg Z~1 be cumulatea corporate surplus at
the beginning of the yeay.

(5.9) Sl (ReR) g 47 e

13.10) 22 2y 8



It has also been suggested that higher personal tax
retes may stimul abe corporate savings. This would suggest
introducing q,’f and ﬁ,{ as variables in (3.,9), but the exact
method of introducing them is not clear,

4, Equation to Complete the System.

Three equations are needsd to complete the system:
an investment relation, an éxﬁlanation of inventory accurmlation,
and a price adjustwent raiation.

For the investment relation, Klein*s hynothesls that
I 1s a function of prefits, current and lagged, and‘the initial
stock of capltal seems reasonable. ,

(«.1) Te a4, b +bé (), + < 70/4{, ""5/6'

Por the explanation of inventory accumuiaticn, Klein's
relation again seems reascnable and has filtted well.

(¢.2) H-= Gy p + -’ﬂ? Pt T €y (_’_/-f ~ QW) Ay Ky + €.
I have modified Klein's sxpression to Qchude gross rather than
net output in the tramsaction demand term. This seems reasonable
since sales are gross rather than net of depreciation.

The price-adjustment cquation is the most diffieult of
all, since the theory is so 1little kﬁown. The Welrssian law of
supply and demand in aggregative form suggests that prices nmove
opposite to some kind of inventories. This suggests using ‘the
stock of inventories mgther chan the trensaction demand as
governing the changes of prices. It has alsc been suggessted that
large corporations (e.g., steel snd sutomoblle) charge icwer
prides than they might otherwlss shen their prof’lts are high

{presumably in the interszts of a lonz run proflé maximi_ation),
p y > »



{4.3) Af-_-ﬁg[}/-g(%‘A//)]-ﬁé;‘ (ﬁ?‘f;) -f(s,.

Apart from introducing additional variables in (4.3), other
variﬁnts may bve swggested. Klein, in san unpublished‘ﬂodel for
Canada, dropped the price~ad justment equation, and introduced ﬁhe-
wage rate as a new endecgenous variable and two new aguations,
one a wage adjustment equation like (4.3) and one a production
funotion. The economic as opposed to the mathematical meaning

of these varlations is not clear.



