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Aggregate Demand and Supply Reconsidered

1. Intrraduction

Thiz paper presents a simple short-perisd aggregative model where
the aggregate demand (AD) and aggregate supply (AS) fumctions differ from
the more usual ones. The AD function incorporates two portfolio
eguilibrium conditions derived from & 3-asset formulation, and the AS
function i1s based on the supply bshavier of the represencative
mopopoliscically competitive firm. Altheugh the money wage is endogencus
in che model, the typical case is an mmemployment eguilibrinom. The model
permits explanations of che Phillips curve and scagflaricn ag well as
procyclical real wage phenomena. A contimuum of full-employment
egquilibria is a possibkbilicy with an exogencus money supply and an
exogenous AD shift parameter.

Secticn 2 defines equilibrivm conditions in che asset and product
markecs, and Section 3 derives the supply function of the represencacive
price-setting £irm. Section 4 describes rche aggregative modal.
Implicaticons are drawn in Section §, and Seccicn € makes concluding
remarks,

2. Portfolio balance and output eguilibripm

Following the lead of Tobin {19469), we assume three paper assecs in
the economy: fiat meney M, government bonds B and sguicies E. At
the 2nd of the preceding short period, their correponding amouncs are
M, 2 and E. Each unit of B issued during the preszent pericd is
redeemed in the next period for ome unit of money, so the price per unir
of B is 1/(1 + ') where =r' iz the nominal rate aof interest on
bonds. The government's budget constraint is, in real terms,

(2.1} C s (M-M/p+ (B/{1+1') -Bifp+T

whare G 1is govermment spending on output, p the price level, and T
Caxes .

Assume Lor simplicicy that firms finance their planned investment
by issuing new equities, so I = (E - E}/p, =ach unit of E being
laim to cne unit of physical capital. There is the usual aggregate
roduction function .

V22 i

where K is the stock of capital at the end of the preceding period and
N 1is employment. The amount of lakeor supplied, N*, is given by the
usuzl labor supply functioo e

£33 M* = h*(w/ip)

where w is the money wage rate: Defining
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(2.4] Y o FAE, W)

as the output that can be produced with N°, we can assume thar
(2.5] N = N°

and therafore

[Z2.8) b BT ke

Writiang W = (M/p, Bfp, Efp} and ¢ for consumpticn, we assume
thar households in the aggregate have a utility function TWi(C, B°, Wi,
W etanding"for future peossibilities afrer the present pericd. Howsver,
in-view of (2.5), U is effectively U{C, M, W) which  is maximized
subject to the budget constraint

(27} S+ M-M/p+ (Bfl1w ') - BI/p
+ IE-El/ps Nwp+ o -T

where ¢ denctes firms' profits which are paid cut to owners of T
Since ¢ =Y - Nw/p and {2.7}) will be satisfied as an equality, (2.7)
reduces to

(2.7a) C+ (M -M/p+ (Bf{L + ') - B¥/p + (E-El/p =Y - T.

Wwriting W = {M/p, E/p, E/p) and X' = (r’, ¥, W), suppose X'
is given. Since N is determined by Y in (2.2}, the maximizacion
prablem includes only four choice-variables, viz. O, M/p, Bfp and E/p.
Because of {2.7a), there are only three degrees of freedom, sc if (say)
M/p and Bfp are also given, the U-maximizing wvalue of ¢ would he

determined. In other words, the opcimal i can be expresszed as &
function of X', M/p and E/p. Noting that
(2.8 L= 11+ 2t i{3 » o2

where r iz the expected real rate of interest on bonds and 7 is the
eXpected inflation rate between the present period and the next, the
cptimal C can also be expressed as a function of X = (r, ¥, W), M/p
and Bfp with the exogenous 7" suppressed:

(28] et CMADL BEP .

More generally, any particular choice-variable can be expressed as a
funeticen of X and any two of the ofber three wvariables.

We can therafore write the asser demand functions as

(2.10) M/p = m°{X, Bfp, E/p)
{2.11) B/p = b"(X, M/p, E/p}
[2.13) E/p = e*{X, M/p, B/p)-

Using {2.12) to eliminate E/p in (2_30%



(2.10a) M/p = m* (X, Bfp, M/p}

m*{X, B/pl-

Similarly in (2.L1),;

{2 11a) B/p = B {X, M/p, B/p)
= b (X, M/p).

Theri, wsing (2.11g} in {2.10a),

{2.108) M/p = m*{X, M/p)

(2L 1) Mip = P (X,

Similar procedures give

o i B Cah B/p o (X}

[&.13c) Efp = & Xl

If we mow read M, B smd E 1o 12.10c), (2.11¢) and (2.12¢) as the
exogenous supplies of assets, these thres squaticns are then the asset-
market egquilibrium condicions, of wilich only ©wd’ are independent:.
Supprassing W, we can then write

(2.10d) M/p o mormilEC F) s mE e BT 0
(2.114) Blp = B8E, - PR 2 0a B

adding. - the wusual signs of the dJderivacives, to define portfplic
eqiilibrium in Che aggoregative model of Secticn 4.

Since the demand for output Y e C 4+ I + G Suppressi i
E PE o
[2.2) it can be written

{25213} ¥ = glr, ¥, M/p, B/p) + %

where ¥, 83y > 0,  is an exogenous paramercer reprasenting slements

of demand which are not reflected in the function -~g°. Finally,
equilibriom izm the product market is defined by

Ty
2,12} ¥o= T
witich implies
{2.15} e 2
bBacauss of [(2:6) 0 In the aggregative model of Sectiocn 4 we will assume
1214} -12.E5) Lo cover both the Eavnesian: (¥ < ¥ and:clazsical =
¥ casas.




3. The representative firm's supply function

In line with the recent literature on monopolistic compefition as
a basizs for an aggregaCive model (zee e g. Startz (198%) and, for a
survey, Dixon and Rankin (1994))}, we assume that the production sector
of the economy consiste of a large number of monopolistically competitive
firms whose differentiated products are measured in the same un:ts. Let
x-o= xlp, ol e 0, % = 0 be cthe demand for the product of the
represencative (or average) firm; p is the price set by the firm--1t
is alsc the price level--and o 18 a demand shift parameter for che
Firm* s output x.¥ Writing w«w for the money wage rate and £ = 0 for

an excgencus cost parameter, let kix, w, 8) be the cost of producing
Xy kKo 0, ko w0, kpis 0 ks 0 and ke s 0. Taking @, W and
f a5 given, the firm wmaximizes pxi(p, a) - kix, w, §}, 80

(3.1 D - kX, + X = 0

fa2) £ - B S R Tl TR

We sssume encugh competition to make p -k, » 0 relatively zmall -and

k.. = 0. Total differentiation of (3.1} gives
(3.1a) Ddp + ({p - kbx, = (1 - k. txide - xk dw
- 1kd8 = 0
where D is the left-hand eide of {3.2). Therefore
3.3 dpfow = x k. /D = O
(3.4) dpSIf = xk,./D = 0
12.5]) dpfie = -{{p - Klx, + {1 - gkylak)/D >4
with p - ¥, sufficiently small. The price is thus set higher if w,

or o 1= highsr,

Conzsider the demand curve in the usual Jdiagram with = on thes
borizontal axis and P on the wverticel. Since a higher o =shaifts the
demand conrve and the marginal revenus curve rightwards, the latter will
igtersect the marginal cost curve atc a higher value of x. The firm's
suppiy curve, which tells the optimal o &5 a functiom of the output
x supplied (which depends on @), is accozdingly generated by varying
&, given w and §£. It is upward sloping as usnal and can be written
[3.6) P o= EO e ow, B), £ w0, SSsgl R 5 0.

Te examine the effect of the incresmse in w on the supply curve,
Tar us assume rhat kix, w, §] = ni{x}w = fx where n = nix) is ths
amount of labor required to prodoce x, =0 kK = o'(x]w + §. & Taylor
linear approximation at any particular eptimal price-output poiat (X7,
P! gives

(3.7} x(p, o) = x + [p - p I, + o= EEE



where o 1ig the existing wvalue of o« and the partials are evaluated at
(p’; x°)}). To.simplify the notation, write A =X - PG -~ 0'X, and b = -
x,, and choosing units so that x, = 1, (3.7) becomes

(3.7a) X = A - bp + .

Then, writing a = n'ix’] and using {3.7a}, (3.1} can be'written
(2 aa) D= (B =+ a)/2b + (aw + £}/2.

We oow asserc

Fropogition 1. The supply curve will shift upwards proportionately
les=s than a dw increase in W, i.e. at any given x and the
corresponding p on cthe supply curve, if &p is the wexrcical shift,
then fp/p < dw/iw.

oof. Th fp  shift can be thought =f ‘ag rhe sum of two
components: (i) 6p,, due to dw, which decragsss QuLput oy (say) dx,
and (ii) dp, die co a rise in « Cthat increasss output by the =zame
amount  dx.

(1) &dp/iw = 8 2 from {J.1a), S0 4w ='1 Giveg. Ap ' = af3 ‘which
reduces cutput by dx = ba/2 since the slcpe of [hs Jemand curve is 1/X
= =1/h. (ii) dpfde = 1/2b 1is the slope of the supply curve, and
therefore &p, = (1/2b) (baf2) = a/4. Thus o8p = &p; + 6p; = 3af4, and

fp/p =3a/4p can be compared with dw/w = 1/w. 5Since p >k, = aw + f§
g0 pfa = w, one gets 4pfia » w whence dp/p <« dw/w.

In view of Proposicicn 1, the representative firm's supply functicon
[3.6) rcan be wriccen

(3.64a) pfw = FiE: w00, T e

where ' = £%w. Since ¥ ' 'ia x times the number of firms, {3.8)
[(3.8a) imply Ehe aggregate relaticnships

[3.58E) g ot T R RS T e RS, S SR TN T

{(3.6c) T bl Sl | SR L s e S I g

respectively. It is then possible Co have a lower p/w ar a highs

putput level if w is higher, a result which will play a later role.
4. An aggregative model

The model consiscs of cthe following relationships from the preceding
sgccione, reoumbered here for comvenience:

(1) T = FYE, W)
(2] y» Je T i AL Y
':3] Yd. = EI':[I.- .!E.I [']."IP.- E.-"-PJ . S




4 Mip = milx, ¥)

R Bip-= bifT EF)

(&) b o

(e O = R iwSp)

(8] P m B, ¥

V3 ¥ ox ¥°

Bquation (XY & (202), 2] = {3681, (3= (23371, 14) = (Firadry (s} =
(214, A6) = {2034, 1) = {2031, [BY = (24 iand 9] e (2.15F .

Egquatione {3)-[&}) suffice to determine T, 2 Jo R G 3 2o T,
with p and Y in hand, (1)-1{2) give N and w, and (7}-(8} give
N* and ¥'. The model is just determinate "in the eight endogencus
variables ¥, N, T, P, W, ¥, F and ¥, given the exogencus

yariables "EDC@ C OB S LE Tand Tyl

In order to have a simple diagram, it will be useiul to condense the
model inte an AS/AD schema. sSuppressing K, (1) and (B8] can be written

(1.a} ¥ = Fi{M)
(g.al o= F(H)

respectively. Since [2) implies

Zal p/w il 5 e R SR s T 1 SR LML R e T
by Proposition 1, we can write

[y, T G, e TR TR T R S |

i -

L2b) i
Using (4) and 15) in (3},
i3a) et =B o S S
From (4} and {5,

i4a) pis mf i, ¥, M)

5a) B | ol Lyt ol

m*(-} - B%(-} = 0, the implicit

respectively. Letting Jj¥(r, ¥. M, B)
funcricen theorem gives

{10 o= ST o)
¢ (32a) can be written

|3b) Y= g'¥, M, B) + 7.



We assume that &, « 1 for stabilicy of ¥, denoting equilibrium values
of the variables by SLAr-superscripts, and it is clear from (3b) tha!
¥ is unique given M, B apd ¥. The unigqueness and stability of r
and p° then follow from (10) and (4a) ar (Sa). Bince {2] gives

(11) w = £{% pn, 8

the unigqueness and Stabllicy of w alsc follow, given g£. Using (2b)
(2b] can be written

(3e) ¥ = gilp/w, w, §, M, B} <« ¥.

Finally, wicth {7) in {8a},

{8k} I = hip/w)l, B! = o,

To summarize at thig point, (2)}-(2hL) are altemative versicone of rthe
aggregate supply function, and (3)-(3c) 2rs altermative vargicns of bl
aggregate demand funcrion, but we will refar kg (2k) in parcicular as th
AS functicn and (3c) as the AD funcrion. Putting w = w' and plocting
(2B} . {3c} and (8b) gives Fig. 1 which is drawn for thne case ¥v° - e
(CE. Edwards (1%53) for a similar diagram.) Refarzins co {2h] , we noce
that a higher w shifts 28 upwards.

The labor market fazils rto clear in general because pifw, which
equates ¥ and Y would only fortuitously egquate Y apnd ¥ also.
The extent of involuntary unemployment, measured in terme of the
corresponding cutput, is indicated by the vertical distance hetween rhe
¥ curve and the eguilibrium point whers AS - AD. Ae Eevnes (19326, p.
15: put it, "in the eventr of a smail rise in ... [p/w] bath the
aggregate supply of labor willing to work for the CUTrrent money wage ancd
the aggregate demand for it at shat wage would be greacer than rhe
existing velume of emplovment." This is clear from Fig. 1.

Abstracting from goverament spending &, notice alseo that it is onl
where AS = AD chat planned investment I |or ¥ Iegg C)  eguals
saving 5 {or ¥ less C), in contrast Lo the texthook construction of
AD baged on IS-LM where I = S ar every point of the texthook AD.

3. ‘Implicarciocns
relimiparies

In the following discussion of some comparative statics of the
model, we assume that the endogenous variables are always at theix
sguilibrium valuss which will change only as a result of a €hange in some
exogencus wvariable, and we will omit the ECar-guparscripts deaoting

equilibrium values unless they are needed for clarity,

We make some assumptions about the possible effects of a higher M
ar B.




Al. A-higher M cet, par. {(i.e. orher EXOJeEnous variables
Iemaining the samée) implies that w does hnot fall ltand p does not
fall,.

AZ. A higher B cet. par. implies thar r doss not fall.

e alsc assert

AZ. A higher M or B cef, par. implies that if p rises but
T Ialls,= pfw iz mot lower.

The raticnale for A1 ig that ©p and w are in monetary terms, and
it would be odd if they should fall as a8 result of an increase in M,
The parenthetical "and p does net fall® in Al iz meant to indicate
that it can be deleted, for it will Ye sesn below Ehmt 1if) o CoEheasr
fall., neither can p. A2 seems clear: with more B in the market, it
18 hard to see how r can fall.

Regarding A3, suppose a higher p, lower ¥ and lower p/w. Then
W riseg more than p. The higher w shifts AS upwards, which induces
an upward shift of AD. Ac the =zame time, the higher M or B has a
direct positive aeffact an AD, S0 we expsct the total shift of AD to he
of about the same order of magnitude as the shifs of A5 since Avispv
should be closer te 1 than to 0. Now a lower ¥ and a lower Bfw would
mean that the mew AS = AD point is scuthwest of the old.  But this is
2ot possible with roughly egual upward shifts of AS and AD. A3 thus
S2emns Lo be reasonable.

Effects of higher ™

Suppose M is higher. There are five cases ro consider.

(i) If p falls, chen ¥ balance (4] and B balance (5] say that
¥ Mmust be higher. Looking at (2a), the higher ¥ means that pfw is
higher, so w must be lower on the supposition that p £alls. Since
& lower w is ruled out by A1, p cannot £all.

{il) If p zremains the same, then M balance requires lower
or higher Y. If r is lower, a higher ¥ ig needed to maintain B
oalance, so ¥ must rise. For the same reason as in (i), pfw must be
bigher, which requires w to £311. Thus p cannot remain the same.

(133} If p rises proportionacely more than M, then portfolio

balance reguires ¥ to fall., This means a lower pfw by {283}, =0 w
must rise more than p, contradicting A3. Thus D Ccannot rise more
chan M.

(iv) If p rizes in the same proportion as M, then B balance
requires lower r or Y. A lower r means a lower Y in order to
maintain M balance, so ¥ must fall. Repeating the argument in (iii},
' canngt rise like M.

{(v] If p rises less than M, then M balance calls for lower
r or higher ¥, and B balance calls for lower r or T BS ¥
must fall. We have seen in (iii) that A2 rules out a lower ¥ with
higher p, and therefore B balance reguires a lower r. Ignoring the



null -proebability event thar the walus of r for B balance will also
balarice the M markert withoot a higher. ¥, r will fall and ¥ will
rige.

Since only case (v} remains as a possibility, Lo summarize we have

Propogition 2. Under assumprtions AL and 23, a higher M ger, par.
imoplizs that o) rizes proporticnateilv leas than M =T=" M/o
increages), I decreases, and Y increases.

£fects of higher B

Suppose a higher B (but M is maintained). There are five casas:

(i} If p falls, B Dbalance needs a highar r or ¥, and M
balance means lower r (ruled out by A2} or higher ¥, S0 ¥ must
rise. . Agein ignoring the mull-probability event tchat the valne of ¥
that gives M >salance will alsoc bazlance the B macket without a higher
e r and Y will both increaze.

ii) If p is udchanged, B balance requires higher r or 7.
Te maintain M balance, ¥ must be higher if r is higher, and
cooversely. Thus r» and ¥ must rize.

(iii) If p riger more than B, then M balance calls for a lower
¥ since & lower r is ruled gut. But as in case (iiij of a higher M,
A3 A Violatred, so p. cEOOob. rize more: than B.

(iwv) If p rises like B, then M balance regquires a higher =
gince like {iii} a lower Y is ruled sut by A3, However, to maintain
B -balance, a higher r implies that ¥ must fall. Thus, p cannot
rige like . B.

(vl If p rises less than B, then B balance reguires higher
or ¥, apd since & lower Y is ruled cut with a higher p, M
alance requires higher r. Thue ¥ and ¥ will both risze.

o' et

Cases (1), (ii] and (v) remain ag the only possibilities, and we
summarize with

B ataon 3. Under assumpticns AZ and A3, a higher B cgt, par.
imolise thar che prnpurtinnate change in p is less than that of 8,

and hoth ¥ and ¥ will insreass.

The: Phillipgciire

Consider an increage in M. The largsr the increase, we expect from
Proposition 2 that the greater is the percentage change Ap/p and the
larger is Y. This means a pogitive correlation between ap/p and ¥,
hence a negative correlaticn betwesn the inflacion rate and the

unemployment race, Which is the Phillips curve.

G




Stagflation

Consider an increase in the cost parameter §, which shif:s as
downwards. This induces a similar shift of AD, but =ince = e S
{3b), the downward shift of AD will be smaller than that of 35. The new
A5 &and AD will therefore intersect at a point southeast of the old
equilibrium, hence at & higher p/w and lower Y. Unless p falls and
w Lalls more than p (which thers Iz nd reason to SUPPOSE), CLhis mEanE
higher p and lower ¥ which ig the stagflarion phenomenon.

A proguclical™ resl wage

Suppose that a higher M raises w as well as p and ¥,% so that
AS and AD are shifred upwards. If the AD shift i= smaller, mayhbe because
of a concomitant change in 7Y, the new AS and AD will intersect at a
point northwestof the old equilibrium, so at a lower p/w and a higher
1. Hence the possibility of a procyclical real wage. It is important
that there be no necessity about this, for the empirical evidence is chat
there are Cimes when the real wage is procyclical and times when it is
countercyelical ; see Summer and Silwer (1929) .,

Full emplovment egquilibria

Proposition 2 says that a higher M  implies higher p and Y.
Suppose that for some M and y the point AS = AD lies on the ¥* curve
so thers is full employment. Then a further increase in M must raise
w in order Chat more labor can be hiresd to produce higher ¥. The
higher w shifts AS upwards, and somes value of ¥ would put the new AS
= AD at a higher point on Y where ¥ and the real wage are higher.
Thus we have

Proposition 4. Appropriare combinations of y and M give a
continuum of full-emlovieent equiiihria._

We might note that Cottrell snd Darity {1593) obtain the posgibility
of multiple full-employment aguidibzaa on the assumpcion of inecreasing
returns. McDonald [(1987) gete & coobimnnt of eouilibria from a
discontinunicy in the represencarive SSrm*s marginal revenue function, and
Dixcn (198B) from relative demsnds 3im 8 Z-sector model, bur thedr
eguilibrig are not full-smployvment Coes.

6. Concinding r_,_!*i'

The aggregacive model pressnted in th DET 1% I I
standard Keynesian model in two 1mm:tlnt.' EEDECEE. First, there are two

independent asser-sgullibrium equacicEs I - 'In BOOIEI0n Co the
usual cte for meney] derived [rom & 3-8 = shich includes
equities. This feature endogenizes tl.'ﬁ. _ ] _ﬂ:_t mtm‘_pl-:ﬁ}rmEnt

equilibrivm remains as the Cypicats
portfolio egquilibrium, which bhas th
AD = AS that planned investment T &g E
at every point of the usual AD CORSCIECTEEESENEENNC O s TE-LM fra.m&war}-:.
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Seccnd, instead of the profit-maximization condition for Price-
taking firms that equates the marginal product of labor te rChe real
wage, the AS functicn derives frem the supply functien of the
represencative price-getting firm. This supply function has the
property that & higher monev wage makes the price—wa;e ratigc smaller ak
any given output level, which thus allows for the possibility of a higher

TEE=TWAOR T at | Sigher OUCpUC. - The chgervation that the real wage i3
sometimes procyvclical can then be explained; Alsoc, & ceoatipuum of
eguilibria with full emplovment is possible with sn exagencuas AD shifc

parameter and increages in :he.mancy'wage resulting from increases in the
stock of money. Finally, Phillips curve and gstagflation phenomena find
straightforward explanations in the mcdel.




% = x(p, B, @) where T is the average price

. p = F for the representative firm, we can

:r.'ausu_'l.t.ing f::nm a high&r :w-, far we axp-m:-t A.E'. o be

'..-.'-..ﬂ.'..;h.p_'i’--l-d ol FEEES

o
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