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1 Real Business Cycle Theory

1.1 The representative household

omax, Eo;ﬂtth,Nt), B€(0,1], Uat >0, Ucce <0, Une <0, Uyne <0,

is the price per bond borught today,

st. PCy+ QiBy < Bi_1+ W Ny + Dy, Q= 141
t

| Solving the problem by Extended Kuhn-Tucker conditions or optimal control or dynamic programming
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1.2 The representative firm

min W; N; = max PY; — WtNt,
Ny Y:
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1.3 Log-linearization

B wy —py =In(l —a) +a; — an . . . N
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%‘ = % = e — Py = G — miy < The money demand equation, where 1 > 0 is the interest rate elasticity.

Notice that the method of taking logs and then substracting the log terms of the steady state equation should
not be used on equations that involve expectation terms, even when the equation is multiplicative, because the
expectation of a log term is not the same as taking the log of an expectation term.

This is the result of Jensen’s inequality, which implies In(Ez > Elnz) for the log function. Only for a linear
function f(z) is f(Ex) = Ef(z) (cf. Huang, Lecture Notes).
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Note that log-linearization means taking the log-deviation around a steady sate value. Assume x denotes the
steady sate value of variable z;. Define the log-deviation of variable x; from its steady state x as
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It states that the log deviation of z; from its steady sate value are approximately equal to the percentage
difference between x; and its steady state value. This approximation holds from small deviations from the steady
state, which highlights that log-linearization is a local approximation method.



1.4 The complete model characterized with linearity
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1.5 Determination of equilibrium values of real variables

Labor market clearing N®* = N¢ = N, or 7° = 2¢ = n, so that
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Gali (2015, slides/book):

Neutrality: real variables determined independently of monetary policy;
Optimal Monetary Policy: undetermined;

In contrast with real variables, the equilibrium values of nominal variables cannot be determined independently
of monetary policy.



1.6 Monetary policy and price level determination
Example i: An exogenous path for the nominal interest rate:
it:i+Ut = %t:’Ut,
Ut = puUi—1 + €, € ~11.d.N(0,05).
3
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where &; is a sunspot shock, possibly unrelated to economic fundamentals. Note that expected inflation is determined since it can
be written as a function of exogenous variables. But actual inflation is not. An equilibrium in which such nonfundamental factors
may cause fluctuations in one or more variables is referred to as an indeterminate equilibrium. The example above shows how an

exogenous nominal interest rate leads to nominal variables indeterminacy.

Example ii: A simple interest rate rule:

Bt =04 Gpfr U = A= Qufty + v, ¢r >0,
Vg = ppUi—1 + €, pv €10,1], € ~iidN(0,07).
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Responses to monetary policy shock (¢ > 1, i.e., the “Taylor principle” requirement)

it :Z'—Fd)ﬂ—ﬁ't—FUt,

) 1+ 1 1
1+ ¢n |O af]- as — (¥ +'U,
¢ (p )U(l_a)+04+%0¢7r—f>a ! ¢7r_pv t:| !
. 1+ 1
=i+ ¢pr0(pg — 1 At — pr————U¢ + Uy,
¢U(p )U(l_a)+a+<ﬂ¢w_l)a ‘ d) (b‘n'_pv ! !
. I+¢ . O
=1+ @ro(pg — 1 a+ (1 ———— ) vy,
(b (p )0—(170‘)+O‘+90¢7r7pa ! ( (rb‘rrpv) !
I+¢ 1 Pu

i+ ¢w0(pa - 1)

at

_ Uy,
O'(].—Oz)-l—()é—‘r(pqﬁﬂ.—pa ¢7r_pv k

My = Py + ¢ — U%ta
=Pr—1 + T + Y — Tﬁt,

R 1+ 1 . 1

= 1+ a—]_ at — v

b=t J(p )‘7(1_‘1)+a+<ﬂ¢w—ﬁu ¢ d)ﬂ'_pv t]

1+¢ . 1+¢ 1 P

+ at =1 |¢x0(pa — 1 ar — Vil
Ty el L R (e prp ey w  a
npu—l

= e . ’lj
¢7r po

For simplicity, let p, = 0 and vy = €} which means the process of monetary shock is i.i.d.

Then we arrive at

o =0,

g;’ - ¢« pu =0,

ggf =5 = _d%ﬂ <0,
S =3, =5 <0

Turn to the case in which 0 < p,, < 1 which means the shock is persistent but damping.

o =0,
gz: = % ©- <0, — liquidity effect
g%; = —51-<0,
o = d S0

And the case p, = 1? (The shock will last forever)

09t _
Oey O’
Oty . __ po — _ 1
362’ - P —Po ¢7r < 0
Ofy . 1 _
geji) ¢1r 71Pu f -
me . NPv—1 __ < >
D = bmpu d> 7 S0, recall that n > 0.

The analysis above assumed that monetary policy can be described by an interest rule. In the above two cases,
money supply does not play an independent role in determining the equilibrium and just adjusts endogenously.



Example iii: Another simple interest rate rule,

~ ~ ~ 4 =0 ~ ~ ~
my — Py = Yp — Nt == m = Py + Y,
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an equilibrium outcome

A difference equation with rational expectation:
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—1
Tir1 =Y T2 + CZeya,
—1
Ty =Y T4l +CZy,
—1/, 1
=y (Y Xy + czy1) F o2y
-2 —1
=Y "Tiy2 TY Ze41 +Czy,
=2/, —1 -1
=y (Y xpys FCziq2) F Y 21+,
-3 —2 1
=Y T3 +Y “CZyo T Y 241+ CZy,

k —(k—1)

= y o +y Coprh—1+ +y g ez
———

0 when k—o0 Etzt4k-1=0



Example iv: An exogenous path for the money supply:

— b = G — i, n >0, n=0 = 1my—pt =Y,
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0= 1 1

1.7 Optimal Monetary Policy

Given that household’s utility is a function of C and N only——+two real variables that are invariant to the way
monetary policy is conducted—it follows that no policy rule is better than any other (cf, Gali, 2015, ch.2.4.4).

1.8 Money in the Utility Function (MIC)

We will discuss it in DNK model and solve it by dynamic programming.
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