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Unfortunately, this semester we have to deal with two versions of the Gali book
due to a misunderstanding at the book store.

Some of you have the 2008 version, some have the 2015 version

The 2015 version has some added material and also some changes in parameter
notation. The slides will be informative about this as we go along.

For the added material, all necessary information will be on the slides so that the
2008 book + the slides will be sufficient for those of you with the old book.
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= Introduction to a classical monetary model

= Households
The representative household solves a dynamic optimization problem

= Firms
The representative firm's technology is introduced — determines the firm’s optimal behavior under
the assumption of price and wage-taking (remember: PC)

= Market Clearing

Equilibrium. Shows how real variables are uniquely determined independent of monetary policy
= Log-linearization and equilibrium dynamics

= Equilibrium behavior of nominal variables

Introducing monetary policy rules

= Money in the Utility Function
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e Establishes the use of DSGE models as a central
tool (micro foundation)

e Perfect Competition and fully flexible prices and
wages

* Business cycles were seen as efficient

 Technology shocks important (Supply side
driven economy)

e Limited role of monetary policy
* Rational Expectations —The Lucas Critique

* Introduces a monetary sector

e Still fully flexible pand w

* Neutrality =7 irionetary policy witi<a! variables

e Nz¢avery popular belief among central baniars
(obviously)

* A conflict between theoretical prediction and
empirical evidence and normative implication
and policy practice: Changes in monetary policy
seem to influence output and employment in

\L _the short run

1990-2000's: New Keynesian

* Motivated by the shortcomings of the flexible price
models

e Still intertemporal utility maximization in a DSGE
framework (microfoundation)

e Introduces monopolistic competition in product and factor
markets to make it more realistic (In contrast to social
planner who seeks to clear all markets at all times)

e Introduces nominal rigidities, which leads to non-neutrality
of monetary policy in the short run.

* Classical long run properties

* Prices and wages adjust and economy goes back to
natural equilibrium
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Soon we will be able to understand:
What drives the real wage
What is the relationship between the real interest rate and output

Households:
Complete financial markets
Perfectly competitive labor market

Firms:
Competitive firms (Monopolistic competition and price rigidity are still not introduced)
Production function with labor as only input
Y — A[Nl—a
t t

General Equilibrium
DSGE-model
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= Introduction to a classical monetary model

= Households
The representative household solves a dynamic optimization problem

= Firms
The representative firm's technology is introduced — determines the firm’s optimal behavior under
the assumption of price and wage-taking (remember: PC)

= Market Clearing

Equilibrium. Shows how real variables are uniquely determined independent of monetary policy
= Log-linearization and equilibrium dynamics

= Equilibrium behavior of nominal variables

Introducing monetary policy rules

= Money in the Utility Function
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Solutions added Everything reIat'ed to Z; is added
in the 2015 version

= The representative household: Correction: «+k» added to the Z
Lives forever B
Chooses labor supply, consumption and one-period bonds
Maximizes discounted expected utility:

E; Zl(io=0 ﬁkU(Ct+k:Nt+k; Ziiy) (1)

C= Consumption N= Employment (1-leisure)
B=  Thediscount factor U=  Period utility

Z = An exogenous preference shifter (added in the 2015 version)

52U,

——— > (0 =Anincrease in Z, raises the marginal utility of
5C.87, t ? Y

Ucz,t —
consumption
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D, (= dividends, accruing to households as firm owners) in the
2015 version replaces T; (subsidies) from the 2008 version

Solutions added

= The objective function is maximized subject to:
The sequence of budget constraints (Flow BC)

P[+kCt+k T Qt+k Bt+k ? Bt+k—1 +Wt+th+k T Dt+k’ k=0 (2)

Price consumption good Price on one-period risk free nominal bond

B= One period risk free nominal bond that pays one nominal unit of
money on maturity

Nominal wage dividends, accruing to households in
their condition of firm owners
= taken as given. Why?
How do we interpret this constraint?
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A; (= the stochastic discount factor ) is added in equation 3 in the 2015 version

= ...and subject to: B,

The solvency constraint: !'_'I‘O E, F >0 (3)
)]

The present discounted value of wealth at infinity is non-negative: makes
sure that the household pays back debt (cannot have positive debt in end
period). A, = ﬁT U - /U . . 1S the stochastic discount factor.

t, T

C tion: «+k» added to the Z
= The HH maximization problem: R

Maximize: Er Y5=0 BU(Ceiks Neaks Zesk) (1)

SUbjECt to: I:)t+kC:t+k + Qt+k Bt+k = Bt +Wt+k Nt+k Dt+k (2)

T oo

and: lIME <A, ET}>O (3)

-
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Z; (preference shifter, see slide 7) and a specification of what
happensif 0 = 1 is added in the 2015 version

= Next step: Specify the period utility function
We work with both separable and non-separable utility

l-o l+¢
[Cftl_ 1—]|-\:t_ th foro+1
Separable: U(C,N,;Z, )= © N wgo
£|og C, —— ]Zt foro=1
1+ ¢

Non-separable: U (Ct, Nt): [Ct (1_1Nt)v] —1
— O

In the following, we assumethato #1,0 >0 and ¢ = 0
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Separable period utility:

Ctl—a _1 - Nt1+¢)
-0 1+¢

Z

U(Ct’Nt;Zt): t (4)

1
o istheintertemporal elasticity of substitution: measures how willing the

household is to substitute consumption over time when the real interest rate

changes
1

@ isthe (Frisch) labor supply elasticity: measures how willing the household is
to substitute leisure for hours worked when the real wage changes

Let us now solve for HH optimal consumption and labor supply by maximizing (2)
with respect to (2), under separable period utility as described in (4)
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This slide is added to supplement the 2008 version: All on slide is additions in the 2015 version

= The analysis is considerably simplified by two properties of the utility
functions:
(i) Separability (i.e. the cross derivative is zero), and

(ii) The implied constancy of o and ¢, which leads to simple log-linearized
approximations to the equilibrium conditions.

= The preference shifter Z; should be interpreted as a shock to the
effective discount factor (which becomes Z, B¢, for t=o0,1, 2,.....),
whose effect will be restricted to intertemporal choices (through its
effect on the intertemporal marginal rate of substitution), but with no
effect on intratemporal choices (since it does not affect the
intratemporal marginal rate of substitution). The two mentioned
marginal rates of substitution are explained on slides 15-16

=  We assume the shock z =logZ, tofollowanexogenousAR(1) process

(see seminar 1 for details about AR(2)s) 2. =pz  +&, 0<p <1
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Solutions added

: 1-o 1+
= The max problem is: MaxE. ¢ B Coe —1 N/ z .
k=0 -0 1+¢

subject to: Pt+kCt+k T Qt+kBt+k = Bt+k—1 +Wt+th+k T Dt+k

= The Lagrangian:

. Cl—a _1 Nl+(p
L[ = ET kgo ﬂk|:£ Iri o _1_|t_+;jzt+k _/1t+k(Pt+kCt+k + Qt+kBt+k - Bt+k—1 _Wt+th+k - Dt+k)

where: j‘t+k — /Bkﬂ’htk
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Solutions added

= The first order conditions:

B ouU
,_C7, G 6)
R PR
@ o 8%
,1t — N_t Zt — aNt (7)
Wt Wt

— 2‘t+1
-]
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Solutions added

= The optimality conditions:

The INTRAtemporal optimality condition (combine (6) and (7)):

N’Z

Vi

The INTERtemporal optimality condition:

-

t+1

A

t+1

Ct+1 Zt+1 t
| elG2 R e
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t"cez ~ oU
t z. Yo

U,
Ct+1 I -1

at%c t+1

(9)

'

(10)
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= Interpretation of the optimality conditions:
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Pssssst!

Smart to work on optimizing non-separable utility, as described on
slide 10, as well
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= Introduction to a classical monetary model

= Households
The representative household solves a dynamic optimization problem

= Firms
The representative firm's technology is introduced — determines the firm’s optimal behavior under
the assumption of price and wage-taking (remember: PC)

= Market Clearing

Equilibrium. Shows how real variables are uniquely determined independent of monetary policy
= Log-linearization and equilibrium dynamics

= Equilibrium behavior of nominal variables

Introducing monetary policy rules

= Money in the Utility Function
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= The representative firm has access to the following
production technology:

Y= AN

where Y: and N; are production and labor input, and
log At = ar = p,ar 1+ €. 0<py<l

= The firm is price-taker in all markets

(i.e. the labor market and the goods market)
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= The firm maximizes profits:

MaxXx [Pf Yi‘ — Wi'Ni'} , (12)
Y. N¢
subject to: Ye = AN, " (13)
W A
« FOC: L =(1—-« (14)
P ( ) N 4

Also equal to:
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= Log-linearization and equilibrium dynamics
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= All markets clear:

Yt — Cf, (15)

= Zeronetsavings: B; =0

This is all we say about market clearing at this point
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Recall that a preference shock is added in the 2015 version

= Will later discuss:  equilibrium dynamics

Note:
1. Equilibrium dynamics of employment, output and the real interest rate
are determined independently of monetary policy in this model:

Neutrality of monetary policy

2. Inthis simple model: Technology and preferences only driving forces

3. Incontrast to real variables, nominal variables (e.g. inflation and
nominal interest rate) cannot be determined uniquely by real forces —
requires a specification about how monetary policy is conducted
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Why do we log-linearize?

= Easier to work with linear expressions

= Makes more sense economically to work with percentages

= More statistical reason: Way to stabilize the variance

= Useful method to approximate and solve dynamic models

= If taking logs yields a linear expression directly = precise description of

relationship between variables: y: = a: +ak: + (1 —«a) n;.

= If not = Approximation by log-linearization around steady state:

yt:3t+(\'kt+(l—a)nt.
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Introducing the three loglin steps for log-linearization around steady state:

1. Manipulate the expression

2. First order Taylor Approximation around steady state

3. Solve for the variable of interest (and interpret the result)
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Log-linearizing the intratemporal optimality condition

= Labor supply: Q =C°Nf

= Just taking logs yields
a meaningful relationship: @, = OC, + ¢X,

= Interpretation:
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Log-linearizing the intratemporal optimality condition around steady state:

= Labor supply: Q =C7N/ (9)

Step 1 — Manipulate the expression

QO (c:c:t j"( Nth¢
— —

(@ C N
€2
= Qe =C%e““N%e?" .. e'”[ﬁ) _ 2
Q
:>ea)t :eO'Ct—I—(Dnt (Qtj Qt_Q
|Og — | = —
Q Q

NB!! We always work with the natural log In, not
the common log, so when |, or Gali in his book(s),
write “log” we mean In, the natural logarithm
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Solutions added

Step 2 — Taylor approximation around steady state:

If X is the steady state, then: F(Xt)% F(X )+ F'(X )(Xt — X)

For the manipulated labor supply schedule:
et =60+ (e, —0)=> e” =1+
e™ " ~e° + oe’(c, —0)+ ¢e’(n, —0)

oCy +¢phy
— e =1+ oC, + ¢n,

0, = o, + on,
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Solutions added

Step 3 — Solving for variables of interest:

__ Why do we
— *
O, OC, + @I, (17) get the
same
Remember: @), = OC, + N, (17) expression?

No need for an approximation around steady state (17)* when taking logs
directly (27) gives us a meaningful relationship.
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Recall: Z; has been added to the utility function in the 2015 version (see slide 11, equation 4)

Log-linearizing the intertemporal optimality condition

C7\Z
Consumption Euler Equation: Q. = SE Ctji Z”l Ht_jl (10)

t t

Because  E,(log X,) = log(E,X,) 2 log-linear approximation is
required.

Always the natural Iog

Step 1 — Manipulate the expressy

S = % = log B =log(1) —log(1+ p) = —p,
TP

—:>IogQt log(1) —log(L+1,) = —I,
1+1
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Recall: Z; has been added to the utility function in the 2015 version (see slide 11, equation 4)

Step 1 — Manipulate the expression continues

Co\Z., ) Co) (Zo )t~
Qt::BEt Cz_; Ztt1 Htil jlet%IB C;tl f til t1L

— e0 _ Et {e[—p—ochract+zm—zt—7zm+it]}: eo _ Et {e[—p—aAcm+Azm—;zm+it]}

"

Defining steady state values Why not just move the
as in Gali: y, mand i yields: Expectation term inside the brackets?

e =gl il o j_ 7 = oy +p
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Recall: Z; has been added to the utility function in the 2015 version (see slide 11, equation 4)

Step 2 — Taylor approximation around steady state:

RHS:

Et {e[—p—GACM+AZH1—7ZM+it]}z eO - eO Et (,0 . ,0) . OeO Et (ACt+l . 7/)
T eoEt (Azt+1 o O) o eOEt (ﬂ-t+1 o 72-) T eOEt (It o I)
~e - GEtACtJrl T Oy — (1_ pz)zt - Etﬂ'

t+1

++1 -1
z:I'_GEtACHl - (1_pz)zt - Etﬂ-t+1 T it _(I _72'_07/)

~1- GEtACHl _ (1_ pz)zt - Etﬂ-t+1 T it —p
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Recall: Z; has been added to the utility function in the 2015 version (see slide 11, equation 4)

Solutions added

Step 2 — Taylor approximation around steady state con't:

LHS and RHS
together:

1=1- GEtACHl - (1_ P, )Zt o Etﬂ-t+l + it — P

= 0= _OEtACHl - (1_ P, )Zt - Etﬂ-t+1 T it — P
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Recall: Z; has been added to the utility function in the 2015 version (see slide 11, equation 4)

Step 3 - Solving and interpreting

1+ 1
C = EtCt+1 - g [It - Etﬂ-t+1 - ,0]"‘ g (1_ P, )Zt (28)
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= Log-linearizing the firm’s production function and optimality condition:

ve = ar+ (1 —a) ng, (19)

W, — P =@ =Y, —n, +logl-a)

(20)

where (20) can be interpreted as the labor demand schedule,

mapping the real wage into the quantity of labor demanded,
given the level of technology.

Remember the FOC Firms:

Why are eq (19) and (20) not linearized
around steady state? Will the equilibrium change if they were?
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Remember that all output is consumed in equilibrium:

Y, = G, Y, =C, (21)

In order to solve the model for real variables we need the log-linear
household and firm optimality conditions, in addition to the log-linear
aggregate production relationship.

5 endogenous variables and 5 equations yield a unique solution for the
equilibrium dynamics of the following real variables:

Output, consumption, employment, real interest rate, real wage
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Recall: Z; has been added to the utility function in the 2015 version (see slide 11, equation 4)

= The five equations are:

(17) , = OC, + ¢, Labor supply condition
1. 1
(18) ¢ =Ec,, —~[i —Ex., —pl+=(1—p,)z, Cons.Euler
o o
(19) , Vi = a; + (1 —a) ng, 1 Firm prod. function
(20) w, =Y, —n +log(l-a) Labor demand cond.
(21) Y: = C; Market clearing
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= g stepsto easily (it's true!) solve the model for real variables:

Step1
= Combine the log-linear labor supply and labor demand optimality conditions (i.e.
equation (17) and (20) and solve for employment

n,
Step 2
= Insertfor N, inthelog-linearaggregate production function (equat|on (19))and
find eqU|I|brlum output e
R ‘T°t )
Step 3 R "

= Solve for equlibrium real interest rate \I’ by solving the log-linear Euler
equation (equation (18)) for I knowing that.

=i —E {”m}

= Next, insert for A - found from: Vi — Y
t+1 t+1 t
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= After 3 steps we have found equilibrium output and equilibrium real
Interest rate.

Step 4
= Insert for equilibrium output Y, into the solution for n, found under
step 1. This yields equlibrium employment n
‘\ t Y
Step 5

= Solve either the labor supply optimality condition (equation (17)) or the
labor demand condition (equation (20)) for the real wage by inserting for
equilibrium output and employment. This yields equilibrium real wage.
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= QGiveita GO!
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= QGiveita GO!
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= QGiveita GO!
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= Solutions and interpretation (no space to write? See next slide):

=y (22)
X 1 1—a)log(l—
y = + @ +( a)log( a)=wyaat + &, (23)
cl-a)+p+a cl-a)+tp+a
rt* :p+(1_pz )Zt +0WyaEt {Aa“[+1} (24)
nt* = 1-o a, + |Og(1—0£) =W .8 + g, (25)
cl-a)+p+«c cl-a)+p+a

Co(l-a)+p+a cl-a)+op+a
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= Interpretation of solutions
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Solutions added

“Classical Dichotomy”

= The equilibrium dynamics of employment, output and the real interest
rate is determined independently of monetary policy in this model:

Neutrality of monetary policy

= Inthis simple model: Technology only driving force of all real variables
= The preference shock only affects the equilibrium real interest rate

In contrast to real variables:
=  Nominal variables (e.g. inflation and nominal interest rate) cannot be
determined uniquely by real forces

= Requires a specification about how monetary policy is conducted
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= Introduction to a classical monetary model

= Households
The representative household solves a dynamic optimization problem

= Firms
The representative firm's technology is introduced — determines the firm’s optimal behavior under
the assumption of price and wage-taking (remember: PC)

= Market Clearing

Equilibrium. Shows how real variables are uniquely determined independent of monetary policy
= Log-linearization and equilibrium dynamics

= Equilibrium behavior of nominal variables

Introducing monetary policy rules

= Money in the Utility Function
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For the exogenous path for the nominal interest rate and the simple interest rate rule: Study
the version in your respective book. The exogenous path for the money supply has no changes.

= The Fisherian equation for the nominal interest rate:

it =E { t+1}+r (27)

The nominal interest rate adjusts one-for-one with expected inflation, given a
real interest rate determined exclusively by real factors (independently of
monetary policy rules (equation 24)

= Introducing monetary policy rules in order to determine equilibrium price
behavior

Exogenous path for the nominal interest rate it =E { t+1}+ I

Leads to price level indeterminacy (and money supply and nominal wage
indeterminacy)

A simple Inflation-Based interest rate rule it =p+ ¢t72't
Determinate equilibrium if Taylor principle satisfied

An exogenous path for the money supply
Determines the price level uniquely
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= Introducing function for real money demand:

m, — P, =Y, — 7, (28)

Combining equation (28) and the Fisherian equation (27) eliminates the
nominal interest rate and yields the following expression for the price level
(rememberthat 7., =p,_,— P )

1
Pt = [Lj E¢ { pt+1} + (—jmt + Uy (29)
77 1+7

1+

where U, = (1+ 77)_1(77rt - yt) evolves independently of the money
supply path {mt}
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= Solving (29) forward, assuming >0, yields:

p, = [ijz[ij £ fm, )+

1+7 1+7

=  We want to rewrite the expression in terms of expected future growth
rate of nominal money:

77Em+1 77Em

1 n
pt — m m + m +— E mt+l t+1

t+1

add &subtract 1+77 EL+77 V1+77 , 1+771+77
add &subtract
2 2 1 2
T 7 Etrnt+2 o L Etmt+2 + 7 Etmt+2 +...+
1+7 1+7 1+n\1+n
) add &;lrjbtract ’
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= We can then write:

2 2
pt:mt+LEtAmt+1+ 4 < -1 Etmt+1+ T Etmt+2+ 7 ! -1 Etmt+2+"'+
1+n 1+n|1+n 1+n 1+n ) \1+n
%/_/
1

2 2
= Andthen write: p,=m, T E.Am,,, + /. Em,.,— /. Em. +..+
1+7 1+n 1+n

k
Summing up yields: p, =M, + Z[Lj E. {Am,, }+u, (30)
i \1l+n

An arbitrary exogenous path for the money supply will always determine
the price level uniquely. Assuming an AR(z) for money growth:

AM = pAM_, + &

And assuming absence of real shocks (as in book), equation (30) can be solved
backward so that we get the following expression for the price level in
equilibrium:
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t (32)

If o, > 0 (the parameter is often calibrated to 0.5 based on empirical
evidence), the price level should respond more than one-for-one with
the increase in the money supply.

This prediction is in stark contrast to the sluggish response of the
price level observed in empirical estimates of the effects of monetary

policy shocks.

What is optimal monetary policy?
Hard to say, no rule seems to be more desirable than another- HH only cares
about C and hours
Can be overcome by introducing money in the utility function

The model cannot explain the observed effect of monetary policy on real
variables! =—————> Introduce nominal rigidities next time (NKM)
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= Introduction to a classical monetary model

= Households
The representative household solves a dynamic optimization problem

= Firms
The representative firm's technology is introduced — determines the firm’s optimal behavior under
the assumption of price and wage-taking (remember: PC)

= Market Clearing

Equilibrium. Shows how real variables are uniquely determined independent of monetary policy
= Log-linearization and equilibrium dynamics

= Equilibrium behavior of nominal variables

Introducing monetary policy rules

= Money in the Utility Function
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Money in the Utility Function
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DROPPED

ergo

Section 2.5 in
Gali is taken out
of the course
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= Next week: No lecture. Use the time to catch up

= The week after (on February 12): Gali chapter 3 (Not section

3-4.2)
The New Keynesian Model
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