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Quick recap of representative firm's problem (1/2)

The representative firm is owned by the representative consumer.
- as shareholder, consumer receives dividends 7 from the firm every period, in
real terms. This is his capital income

The representative firm employs the representative consumer/worker, whose
wage rate is wy, in real terms
- as worker who puts in V¢ units of time, his labor income is N;w;

The representative firm uses labor and capital to produce a (final) good
every period, in real terms.

This firm at time ¢t has K¢ units of capital, and has to decide how much labour
to hire, and how much capital stock it wants in period (¢ + 1).

Kiy1=(1-9)Ki+ Iy
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Quick recap of representative firm's problem (2/2)

How is capital produced?
- the firm can produce one unit of capital using one unit of output

What is this final good?
- It is output supplied of consumption goods.

Who buys this output of consumption goods?
- the representative consumer demands consumption goods

In our model, representative firm hires worker, produces consumption goods,
and is owned by representative consumer.

Rrepresentative consumer works, buys consumption goods, and receives divi-
dends from owning 100% of representative firm
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Representative Firm's Max. Problem (1/4)

o

max 7y + + ...

Ni1,K> 1+ 7

2o (K2, N»)
F(K1, Ni) — wiNy — Ko + (1 — 6)K

Jmax 21 (K1, N1) —wiNy — Ko + ( )K1 + LT
(1-6)K> wo N> K3 N
1—|—7“1 \l—l—’l“l 1—|—le

we don't care about these terms today

Taking the F.O.C's:
F.O0.C. (Nl) : ZlFQ(Kl, Nl) — W1 = 0

2F (K2, N2) +1 -6
1+ 7

F.O.C.(Kp) : —1+ 0,

which after rearranging gives
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Representative Firm's Max. Problem (2/4)

F.O.C.(N7) : \ZlFQ(Kl, Nl)/ = Wi, (24)
MPN;
F.O.C. (Kz) . ?2F1(K27 Nz) — (i = \T}/ (25)

MPKo,—§, ornet MPKy  OC of inv.
return to inv., net of ¢

opportunity cost of investment is the rate of return on alternative asset, i.e.,
what you get on your savings, 7.

Two assets in the economy: bonds traded in credit market, and capital held
by representative firm. Since consumer owns firm, it's as if consumer owns
capital. Firm acts in consumer’s interests, and will invest up to the point where
marginal benefit of investment (net M PK>) exactly equals the marginal cost
of investment (1)
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Representative Firm's Max. Problem (3/4)

Equation (25) : (from F.O.C. (K>3))

MPK> —§ = zpF1 (Ko, Ny) — 6 =11

If r1 increases, for equation (25) to hold, Fj(K5, N3) needs to increase, and
since total output increases at a decreasing rate in capital, K> needs to fall,
I.e., I1 needs to fall, as illustrated in figure “9.6".

For equation (24) : (from F.O.C.(N7))
MPNy = 21F>(K1, N1) = wy

if wq rises, z1F>(K1, N1) needs to rise, and since total product is increasing
at a decreasing rate in labour, N1 needs to fall; demand less labour today
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Representative Firm's Max. Problem (4/4)

But M PNy is Nfl because firm's optimal decision for labour demand is where
M PN71 = wq from equation (24). Because representative consumer/worker,
higher labour demand means higher demand for more hours worked in a period.
Hence, figure “9.4".
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Representative Firm: Comparative Statics

Change in current TF' P, z1:

Labour demand: ~ 2y = M PN; / = " return to labour = demand
more labour today at every wage rate, so M PNy curve shifts out for any given
wage rate. (figure “9.5")

Expected change in T'F'P in second period , zo:

Investment: " 20 = M PK»> / == A'return to investment —>invest more
today, so net M PK5 curve shifts out for any given r1. (figure “9.7")
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The Government

- Expenditures: G;
- Levy lump-sum taxes: 1
- Can issue debt at the end of each period: By

Budget constraints are:
-periodt: G¢ + (1 +7r_1)Bi_1 =Tt + By
- lifetime BC:
Go G3 17 13

+ =17+ + + ...
1+ry (T+71)(1+m2) Pl () (L)

(26)

G1+
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Competitive Equilibrium (1/2)

Given that the government is spending and taxing (G¢, Tt) for all ¢ such that its
LBC holds, a competitive equilibrium here is an allocation (C’f, St NtS*, NtD*, Ig“)
and prices (7}, wy), for all ¢, such that:

e the representative consumer chooses (Cg‘, St NE*) each period in order
to maximize lifetime utility, taking (v}, wf) as given;

e the representative firm maximizes its present value of profits by choosing
(NtD*,ng) each period, taking (rf,wy) as given; and
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Competitive Equilibrium (2/2)

e the labour market and the goods market clear at (r;, w;):

— the labour market clears when labour supply equals labour demand
each period, i.e., N = Nts* = NtD*, and

— the goods market clears when goods supplied equals goods demanded
each period, Y* =Y,° = Ytd = Cf + I] + Gy.

recall that there are 3 markets here: Labour Market, Goods Market and Credit
Market, so by Walras's Law, if goods and labour markets clear each period,
then credit market also clears in every period.
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Constructing Output Supply Curve v (1/2)

We already have labour demand N{Z and labour supply le (r1): labour market
equilibrium is (N7, w7) (figure “9.10")

If interest rate r; 7 from 71 to 7y:
- given any wage rate, work more, so rightward shift of Nig, because price of
current leisure is more expensive relative to price of future leisure, and substi-
tution effect domintes
- optimal employment " and optimal wage rate |
- movement up the production function,
reflecting Yls /" when optimal employment ~
- Hence, goods supply is increasing in r1, so Yls is upward sloping
(figure “9.11")
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Constructing Output Supply Curve v (2/2)

Output supply curve Yls reflects combinations of (Yls, r1> for which the labour

market is in equilibrium.
Contrast this with “usual” AS-AD analysis when output supplied (AS) is plotted
on (Pq,Y7) diagram. Here, (71, Y7) to reflect the concern with “real”, as

opposed to “nominal”, variables.

Note: changes in 1 are movements along the YIS curve
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Shifts of Output Supply Curve v (1/2)

Question: When does Yls curve shift?
Answer: When Niq (r1), N{l, and/or production function change.

From previous lecture, we dealt with:

- Nig (r1) changes if lifetime disposable wealth w® changes

- N{Z changes if current T'F'P z1 changes

- production function Y7 = z1F (K1, N1) changes if current TFP 2z changes

Here, let us analyze an increase in current or future expenditures of government,
i.e., G1 or G or G3,... /" (try an increase in z1 as homework)

- immediate implication is: for government’s lifetime BC to hold, taxes have to
increase, either now or in the future
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Shifts of Output Supply Curve v (2/2)

- hence, lifetime disposable wealth w? of representative consumer falls since
PV of taxes

- as w? |, consume less leisure => work more (dN{ (r1) /dw® < 0), so
N7 (r1) shifts to the right and N 7 and w] |

-as N{ /", output supplied increases as we move up and along the production
function.

Hence, for a given interest rate (which hasn't changed), output supplied in-
creased, so Yls curve shifts to the right. (figure “9.12")

(Implicit assumption here: can think of government expenditures in economy
as worthless; do not increase productive capacity of representative firm, nor do
they increase utility of representative consumer)
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Construction of Output Demand Curve (1/5)

Yi* = C1(r1, Y1) + I{(r1) + G1

Yld : total current demand for goods, or output demand
C1(rq, Yld) : - demand for current consumption goods by representative con-
sumetr,

- decreasing function of the real interest rate because substitution effect dominates;

I{Z (r1) : - demand for current investment goods by representative firm
- decreasing function of the real interest rate because opp cost of investment
increases as 11 increases so invest less;

(1 : - government’s purchases/demand of current goods
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Construction of Output Demand Curve (2/5)

Recall that C'; decreases when r increases (substitution effect dominates).

But C7 also depends on Yld. Why?

- recall that when current income Y7 7, other things being constant, disposable
lifetime wealth w® ', so demand for consumption goods today C; . But we
know from national income accounting that current income must equal current

expenditure on goods, which is equal to total demand for current goods, i.e.,
d
Yy

In other words, if Y 7, Cy /.

Which is why Cy(r1, Y{).
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Construction of Output Demand Curve (3/5)

But this is an added complication because now there is a multiplier process:
- suppose some exogenous factor changes C or I7 or (G1, leading to an increase
in Y

- but this increase in demand for output creates an increase in income, some
of which is spent on consumption

- and this increase in (1 will again lead to an increase in Yld, which in turn
increases C'q, ...

Example:

- suppose some exogenous variable, like zo changes, which leads to an exoge-
nous increase in spending AE

- let AYld : change in current demand for output

- let MPC’AYld : change in demand for consumption goods
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Construction of Output Demand Curve (4/5)

As we have seen from before, 0 < M PC' < 1 due to consumption-smoothing.

Hence,

AYY = MPCAY{+ AE, so

1
AYE = ( )AE,
1— MPC

\ 4

mulgirplier
- notice that the higher then M PC, the larger the multiplier, so the larger the
effect on Yld, for some given exogenous factor affecting demand for goods.
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Construction of Output Demand Curve (5/5)

Suppose 1 changes

ALY
We know that 251 < 0, and 3,1 < 0.

Since
Yi' = C1(ry, i) + If(r1) + Gu,

we have that

AYE 1 AC; AT
L — ( ) + =Ll <o.
Arq 1—-MPC)\Ary  Arg

In other words, there is a negative relationship between Yld and rq
(figure "9.14")
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Shifts of Output Demand Curve v¢ (1/2)

Question: What causes Yld curve to shift?
Answer: Any factor that changes C'1 or If or (G1, except 77.

Examples:

- decrease in the PV of taxes, which increases wd, and if the change is Awd,

. : Aw?

output demand curve shifts to the right by the amount +—575;

- increase in tomorrow's income by AY5, then lifetime wealth increases by ?}_fﬁ,
AY,

so output demand curve shifts to the right by the amount (A+7)(1—MPC)’

- increase in tomorrow's T'F' P, which causes investment today to rise. Suppose

investment today changes by A, then output demand curve shifts to the right

Al
by the amount 1-_MPC’
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Shifts of Output Demand Curve v¢ (2/2)

- increase in G1 by AG1, which causes output demand curve shifts to the right

AG1
by the amount 1-MPC"

(figure "9.15")
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Graphical Representation of Competitive Equilibrium

See figure “90.16"

Go back to definition of competitive equilibrium



