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= Equilibrium Dynamics in the NKM (Gali ch.3 4.1. Section 3.4.2 can be dropped)

Introducing an interest rate rule for monetary policy
What are the effects of shocks under an interest rate rule?
Learning a new method: The method of undetermined coefficients

= Monetary Policy in the NKM (Gali ch.4.1 and 4.2)
The choice of households and firms in the basic NKM
The efficient allocation
Inefficiencies in the basic New Keynesian Model
Monopolistic competition
Sticky prices x 2!
What is optimal monetary policy within this framework?
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The step from equation (1)* to equation (1), i.e. including the steady state level of output, was added in the
2015 version of the book, as a clarification.

= Note: Section 3.4.2 in Gali, discussing equilibrium under exogenous money supply will not
be considered in the course.

= We will now analyze equilibrium dynamics given the following rule for monetary policy:
It = P+ @7t + Py Yy + Ve, @9, >0 (2)*

where 37t = VY — Y ,and Y = the steady state value of output.

= Equation (1) can be rewritten in terms of the output gap:
: S ~N
i\ =p+P, 7t + Py Y + Oy Yy +Vy, &0, >0 (2)

where ¢' =y —y, i.e. the deviation between the natural level of output and the
steady state level of output
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Including the steady state level of output, y, was added in the 2015 version of the book as a clarification.

= What is the difference between Y, =y, —y and 9tn = yt” — VY and Vt =Y — y{‘ ?

= Interpretation of equation (2): i, =p+¢ m + ¢y Y + ¢y yt” + Vi,
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Together with the NKPC and the DIS, we now have the three key equations (the
equilibrium equations) of the NKM:

7T, = PE {”t+1}+ KY,

7 7 1 - natura
Yi = Et{yt+l}_; !t_Et{ﬂ.Hl}_rt rel

'

It

I, = p+¢,m +¢yyt +¢y§/tn + Vi,

We combine them into a system of difference equations to study how they interact.
How to proceed:
First we insert for eq. (2) in eq. (1) and then in equation (3)

Then we solve for the output gap
Inserting for the output gap into the NKPC yields a solution for inflation
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= Giveitago!
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= Giveitago!
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= Giveitago!
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= Solutions for output gap and inflation when defining ﬁ[n = rtnatural_

P

S o v 1-5¢ 1 an ~ N
- E | 90—
(4) Y oty + P t{yt+1}+a+¢y+¢ﬂlc t{”t+1}+o_+¢y+ " (rt Py Vi Vt)
oK - K+,3(O'+¢y) K n ~n
= E E _ _
(5) 7y o+, + Pk t{yt+1}+ o+, K t{”t+1}+6+¢y A (rt Py Vi Vt)

This can be written as the following system of difference equations:

— Yi T G 1_ﬁ¢7r Et{yt+1} 4T 1 fn S\/n Vv

- t )t TVt
Ty oK K+ﬂ(6+¢y) E, {”t+1} ol s — (6)

“ ~ J/ — v L t -
A+ By
1
where: I'=
o+ ¢y + ¢”K Nina Larsson Midthjell - Lecture 7 - 11 March 2016 9



The solution for u(t) follows from the solution for the natural interest rate from equation (27) at lecture 5,
which is the same as the one found at lecture 3, and from the definitions below.

= Interpretation of equation (6):

yt Et {yt+1} [A natural oLl ] t{yt+l}
= At E, {7, +Br [ —PyYr Vi [= Ag ) +Br U
Tt t el t il
= Note that: u, = M — AV Vi =V (¢y +o(l-p, ))at +(1-p, )z -y )
= Howtofind u;?
= Recall that ytnatural =V yady +§3 as discussed at lecture 5 (slide 25) is the deviation from

steady state.

= Redefining level natural outputyields: Yi =Y +¥ 8 +&y , where Y=y +&) <Yy" isthe
reachable steady state given the state of the economy (u#0,a #0).

= Given this information, inserting from the natural interest rate and the natural output level in
equation (7) yields the solution for U; .
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_ snatural

U =h _¢yytn —Vi = _Wya(¢y +O'(1_Pa))at +(1_,0z )Zt —Vi (7)

= 3 shock possibilities in this model (however, we could easily have extended to more shocks
and will do so later at the seminars)

A technology shock
A discount rate (preference) shock
A monetary policy shock

Will eq. (6) have a unique solution?

yt Et {yt+1} ~natural ~N Et {yt+1}
=A + B+ r — -V, [= A +B1u 6
LTJ T{Et {”t+1} T[t ¢yyt t] ! E, {”t+1} T ©
Yes, if both eigenvalues of A; lie within the unit circle (Blanchard-Kahn conditions).
Necessary condition for uniqueness:
y q K(g, —1)+(@1-B)g, >0 (8)

= Equation (6) represents the solution to the model, describing equilibrium dynamics under
the interest rule presented in equation (2).

= How to find the eigenvalues? We will answer that question at seminar 3 (see exercise) 11



= Equilibrium Dynamics in the NKM (Gali ch.3 4.1)

Introducing an interest rate rule for monetary policy
What are the effects of shocks under an interest rate rule?
Learning a new method: The method of undetermined coefficients

= Monetary Policy in the NKM (Gali ch.4.1 and 4.2)
The choice of households and firms in the basic NKM
The efficient allocation
Inefficiencies in the basic New Keynesian Model
Monopolistic competition
Sticky prices x 2!
What is optimal monetary policy within this framework?
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Effects of a monetary policy shock

Let’s assume that the monetary policy shock follows an AR(2) process equal to:

V, = p N, +U, 0<p, <1 and  Efu'}=0

Interpretation:

Since the evolution of the natural interest rate and natural output is independent of
monetary policy we can assume ftnatural =¥ =0 when we consider a monetary policy

shock (no shocks in preferences and technology)
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Effects of a monetary policy shock

= Theintuition behind a monetary policy shock:

7T, = PE, {ﬂ-nl}"— Kyt (2)

1

yt = Et {Vtﬂ}_; th — Et {ﬂt+1}_ rtnatural (3)

It

iy = p+ @, + Py Vi +¢y§’tn + Vi,

= We have an idea what's going on, but because of the expectation terms, we can’t really tell
for sure.

Have to make a guess!
Method of undetermined coefficients — A five step method
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Effects of a monetary policy shock
= Introducing method of undetermined coefficients — a 5 step method!

Guess how endogenous variables and expectations of future endogenous
variables are related to state variables and shocks

When we assume ft”at“ra' =¥, =0, there are no state variables left in the equation system

(6), only the shock variable V.. The guesses are:

Yi =¥\
T =WV
EdVin) =V, EVia ) = w0V
E, {”m} =y E {Vt+l} =Y PNV
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Effects of a monetary policy shock
= Introducing method of undetermined coefficients — a 5 step method!

Insert for the guesses in the equations

In order not to get lost in calculation we will here use the NKPC as in equation (2) and the DIS
equation as in equation (3), inserted for the nominal interest rate (eq.1). Inserting for the
guesses yields:

Wy = BW PN KW,V (2")

1 ,
Ve =Y PV = — (b7 v, + QW Ve Ve~V OV ) @
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Effects of a monetary policy shock
= Introducing method of undetermined coefficients — a 5 step method!

Collect all coefficients related to each state/shock variable in different
equations, considering coefficients only.

In this example: Only one such variable, so step 3 is to consider the two equations we found on
the previous slide, only not including the v's:

Vo = PWa Py + KV, (2")

1
Wyv — Wyvlov _;(¢7{Wﬂv + ¢yWyv _I_l_WﬂVIOV) (3”)
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Effects of a monetary policy shock

= Introducing method of undetermined coefficients — a 5 step method!

Solving eq. (2") for ¥, vyields:

Inserting into equation (3”) and solving for ¥, yields:

Wyv:_

-

\

1

@=pp,Jo—p.)+4,

1+ xlg, —p,]

J/

AV

Yoy —BY Py =KWy =W, =

J
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K

——y
1_1810v "

@-Bp,)=—A,0-8p,)
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Effects of a monetary policy shock
= Introducing method of undetermined coefficients — a 5 step method!

Solve the equation system for the unknown coefficients!

K
Inserting back for ¥4y in the solution for ¥, yields: ¥, =————A, (1_ ,pr): —KA,

1_ﬂpv

Inserting for the undetermined coefficients in the guess

Yt =Vt =—1— Boy) Ay (9)
Tt =WVt = —KAWW (10)
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Effects of a monetary policy shock

= Can be shown that, as long as the system has a unique solution, then A, >0

Yt =yt =—(1-Bo) AWt (9

= |nterpreting
e =WVt = — KAV

(10)
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Effects of a monetary policy shock

= Inserting in equation (1), to interpret the effect on the nominal interest rate from the

shock:
I :P+th1_¢7z’f/\v _¢y(1—,3,0v)AVJ

= |nterpretation:
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Effects of a monetary policy shock 0

Interpretation:
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Added in the 2015 edition.

Effects of a discount rate shock
Home assignment: Solve for the effects of a discount rate shock, using the interest rate rule
presented in equation (1), when you know that:

1. The discount rate shock follows the AR(2) process:  z, = p,z, ;+&f, 0<p, <1l E {65}= 0
>.  Preferences enter the key equations through the natural interest rate.
3. Wemayassume V;, =3, =0

4. Solve for inflation and output gap and interpret how inflation, output gap and the
nominal interest rate responds to a shock in the discount rate

NB: The book page covering the discount rate shock in the 2015-edition of the book will be
distributed at the lecture for those of you who have the 2008-edition of the book.
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Added in the 2015 edition.

70 CHAPTER 3
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Figure 3.2. Dynamic Responses to a Discount Rate Shock: Interest Rate Rule,
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Effects of a technology shock

Home assignment: Solve for the effects of a technology shock, using the rule presented in
equation (1), when you know that:

1. Technology follows the AR(1) process: &, = p,a,_, +U,, 0<p, <1 E, {ua}: 0

t

>.  Technology enters the key equations through the natural interest rate and the natural
level of output.

3. The followingis true: Et {Aa[+1}= Et{ +1}— Et {a[}z Et {a[+1}_at

.. Wemayassume V;=12,=0

5. Solve for inflation and output gap and interpret how inflation, output gap and the
nominal interest rate responds to a shock in technology

NB: The book pages covering the technology shock in the 2015-edition of the book will be
distributed at the lecture for those of you who have the 2008-edition of the book.
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Effects of a technology shock
Interpretation:
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The following parameter values are chosen to discuss the effects of shocks in ch.3in the
2015-edition of the book (and on the slides above):

£=0.99
o=1
Q=5
l-a =3
=9

¢, =15
4, =%,
p, =05
p, =05
P, =0.9

4

Implies a steady state real return on financial assets of close to 4 %

Implies log utility

Commonly chosen value for the inverse of the Frisch elasticity of labor supply
(used to be 1)

Commonly chosen value for the output elasticity of labor (used to be 2/3)

Commonly chosen value for demand elasticity (used to be 6)
Only 1/4 of the firms change prices in every period (used to be 1/3)
Consistent with the Taylor principle

Not much weight put on the output gap (Greenspan)

Implies a stationary, moderately persistent monetary policy shock

Implies a stationary, moderately persistent discount rate shock

Implies a stationary, very persistent technology shock
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We have so far in the course calculated our way through the NK model in order to say
something about how inflation and the output gap will respond to shocks in the economy

We also discussed briefly how the nominal interest rate will react to changes in inflation
and the output gap, following a monetary policy rule.

The responses depend crucially on parameter values.
An important step in the construction of a credible NK model : Try to find credible values
for each of the parameters and use it to calibrate the model

How to do this?

The next step is also to choose optimal coefficient values, i.e. an optimal interest rate rule.
We will start on this today, and continue with this at lectures 8 and g.
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= Equilibrium Dynamics in the NKM (Gali ch.3 4.1)

Introducing an interest rate rule for monetary policy
What are the effects of shocks under an interest rate rule?
Learning a new method: The method of undetermined coefficients

= Monetary Policy in the NKM (Gali ch.4.1 and 4.2)
The choice of households and firms in the basic NKM
The efficient allocation
Inefficiencies in the basic New Keynesian Model
Monopolistic competition
Sticky prices x 2!
What is optimal monetary policy within this framework?
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= Households:

= Complete financial markets. Perfectly competitive labor markets.

= Monopolistically competitive firms:

= Production function with labor as the only input
= Firms set their price. Prices are sticky.

= General Equilibrium
= A so-called DSGE model
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The household maximization problem:

= Maximize discounted expected utility:  E; Yoo B5U(Cetior Nevics Ze+ 1) (12)

where: C, = Lj‘ (oN( )Yidl} o

0 (12)

1
= Period budget constraint: I Pt(i)ct (i)di +Q,B, <B,_; +W,N, + D,
0
(13)

= Solvency constraint like before (lecture 3)
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= Firms choose prices, output and labor input to maximize:

o0 k 1 .
MQXZQ = At,t+k(—P j(Pt Ykt _Wt+th+k|t) (14)
P k=0 t+k
P )
subject to: Yt+k|t = [ Pt J Yt+k’ (15)
t+k
1—
Yt+k|t = Atik Nt+k|t “ (16)
_ = i)  with probability (1—6
Foreach firmi: Pk, (1) = t+k+1_( ) P v« ) (17)
Pk (1) with probability 0
U t+k
ANREOSES /Bk e
" Uc
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= Asocial planner solves the model in order to find the Pareto optimal solution — he

maximizes welfare.
= Thisis the efficient allocation

= The equilibrium prices that yield the social planner’s solution is the desired competitive
equilibrium in the model (i.e. the first-best solution).

= The social planner maximizes the (representative) household’s welfare:

maxU (C,,N,;Z,) (18)

subject to:
(19)

(20)

(21)
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The social planner’s problem implies the following optimality conditions:

In addition we have:

Price dispersion leads
to a welfare loss!

(24)

Equation 24 is found

e MRS = MRT

production.

e LHS: Marginal cost (in units of consumption goods) of increasing the

use of labor in production.
e RHS: Marginal increase in production of increasing the use of labor in

by solving the max
problem with respect
to consumption and

labor supply, subject
to equation (20)
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g
Recall the frictionless mark-up (derived on slide 36, lecture 4): M = P (25)
8_
= Exists due to market inefficiency: Each firm is endowed with some market power
because of monopolistic competition (How is this related to the Barro Gordon model

from lecture 27?)

Since all firms face the same prod.function

Assume fully flexible prices for now _ :
they all choose the same optimal price

(in order to isolate the mon.comp inefficiency)

Recall from optimal price-setting under flexible prices with monopolistic competition,
(derived on slide 34-38, lecture 4):

* W * W
P* (i) = M i) = M t P =M t 26
C () =My () =M ot = R =M ek (26)
_ /N W, MPN, Welfare loss! Working and
Hence: 30 P* N < MPN, (27) consuming more would
/C t have increased welfare!

Interpretation:
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How to deal with this inefficiency? Know that boosting inflation doesn’t work...

Let us assume that the fiscal authorities pay an employment subsidy to firms per unit of
labor.

If we assume that the rate at which the cost of employment is subsidized equals 7, then the
cost for the firm per worker equals: (1—7)W,

"M A-2)W,

In that case the firm’s optimality condition is: t MPN.

Given this solution for the firm, combining the HH and firm optimality conditions yields:

_oU
ﬁNt W,  MPN,
ouU TP (1—
ACt P° (1-7)M

=MPN, (29) iff (1—r)M=1:>r=1
&

Nina Larsson Midthjell - Lecture 7 - 11 March 2016 36



In the following, we assume 7 = 1 toisolate the role of sticky prices.
£

Sticky prices lead to two types of inefficiency in the NKM:
1. Fluctuations in the mark-up over average costs
2. Relative price distortions

®mc,

J/

Recall equation 18, slide 19, lecture s: w, = PE, {ﬂtﬂ

Ly 1-6)A-50)
\ 0

2
Firms set prices as a function of a weighted average of current and future marginal cost
deviations from ss,

Hence, inflation in period t is determined by current and future fluctuations in
average real marginal costs around steady state.

If average real marginal costs in period t increases, then a fraction (1-6) of the firms will
increase their price and face a lower demand.

Recall the cost of higher prices for the firm: Higher prices = Lower demand = Lower
production = Higher MPN (due to DRTS) = Lower marginal costs and dampens the initial
increase = Dampens the optimal increase in prices

Nina Larsson Midthjell - Lecture 7 - 11 March 2016 37



Fluctuations in the mark-up over average costs
Since firms no longer change prices at the same time, the economy’s average mark-up will vary over
time in response to shocks, and will be different from the frictionless mark-up.

Recall from lecture 4 the real average marginal costs: MC,

i P=M =t oL
What is the economy’s average mark-up? t UMPN, t W, MC, (30)
MPN,

Introducing the subsidy to employment costs and assuming 7 = — in order not to have monopolistic
distortion yields: &

M, = P .M _ M _ 1 o

W, MC, "M MC 31
Q-7) t t
MPN,

_ 1 :
Since we have corrected for the frictionless markup, we should then have M =M, and MC =1 in st.state
(see slide 10, lecture )

Given this solution for the firm, combining the HH and firm optimality conditions yields:

_8l% >

OoN, W, M M

U - = Pt = MPN, M =MPN, (32) , with equality only if: =1=M=M,
ACt ‘ t< t

Interpretation: Possible welfare loss!
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Relative price distortions

Due to staggered price setting (not all firms change their price in a
given period), we will have P: (i) # P: (j) for any pair of goods (i, )
whose prices are not adjusted in the same period. From the demand

. . —c
function for goods we can write 28% — (28%) - and therefore

different quantities are produced and consumed; and, as a result,

Ne (i) 7# Ne ().

Recall: The efficient allocation requires
that all quantities produced and consumed
are equalized (i.e. prices and marginal costs

must also be equalized)

Mark-ups should be identical across firms
and goods at all times, in addition to be
constant and equal to the frictionless
mark-up on average
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= Equilibrium Dynamics in the NKM (Gali ch.3 4.1)

Introducing an interest rate rule for monetary policy
What are the effects of shocks under an interest rate rule?
Learning a new method: The method of undetermined coefficients

= Monetary Policy in the NKM (Gali ch.4.1 and 4.2)
The choice of households and firms in the basic NKM
The efficient allocation
Inefficiencies in the basic New Keynesian Model
Monopolistic competition
Sticky prices x 2!
What is optimal monetary policy within this framework?
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Optimal monetary policy is the kind of policy that realizes the efficient allocation

A policy that eliminates the inefficiencies!

. Correction of the market . .
If we assume the following: B No inherited

relative price
distortions

done by the fiscal
authorities

Then the efficient allocation can be obtained by stabilizing marginal costs at a level
consistent with the firm’s desired markup, given the prices in place.

If all firms know this policy and it is a credible policy, then no firms will have incentives to
change their prices in any period!
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What will then the inflation be in every period? Pt* = Pt_l = Pt =

No relative price distortion

P

M
If marginal costs are stabilized and constant, then: =~ = 1=M=M,

Have we then ensured the efficient allocation?

What does the optimal policy require?

Recall eq. 24 from lecture g (slide 27), describing what drives the mark-up:

- p=— O'+¢+a (yt_ytnatural):_ O_+§0+0[
l1-a f——— -«
outputgap
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With constant mark ups under the optimal policy the output gap is then closed at all times:

f—p=0=y; =0
The divine

coincidence

It is also optimal to keep the same price in every period
hence (and through the NKPC): 7, =0

~ ~ 1].
The DIS-equation: ¥, = E{V. }——| i, —E {7, - "™ =0 (33)
0 o J

v

1l

Hence, the optimal policy that eliminates all inefficiencies and lead us right to the efficient
allocation requires that the equilibrium nominal interest rate must be so that

. natural
rL=1-FE {”t+1}: I

Next week: look at some interest rate rules that are consistent with this equilibrium
outcome
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The next two lectures:

Optimal Monetary Policy in the NKM

= Gali chapters 4.3 and 4.4.1 (ch. 4.4.2 can be dropped)
= Clarida, Gali & Gertler (2000)

= Clarida, Gali & Gertler (1999)

At lecture 8 and g, we will again introduce discretion (recall lecture 2) and study how optimal policy is conducted
with a re-optimizing central bank minimizing a loss function within a New Keynesian system and how this may

be welfare-enhancing compared to using a simple interest rate rule and further more, how some commitment
may be even more welfare-enhancing.

Lecture 8 on 18 March - then Easter break - ® - then lecture g at 1 April

I
i y

\ R

==

i

= Seminar exercise 3 (for next week’s seminars) is on the web
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Lecture 8 Optimal Policy in the New Clarida, Gali and Gertler Nina Larsson
Keynesian Model (1999) Midthjell

No lecture

Lecture 9 Optimal Policy in the New Clarida, Gali and Gertler Nina Larsson

Keynesian Model (1999) Midthjell
Lecture 10  Markov Switching in the Davig and Leeper (2007) Nina Larsson
New Keynesian Model Midthjell
Lecture 11  Monetary Policy in Norway  The Norges Bank Nina Larsson
Monetary Policy Report Midthjell
(1/2016), The Norges
Bank Watch report (2016)
Lecture 12  Financial Stability in The Norges Bank Financial Henrik
Norway Stability Report (2015) Borchgrevink
(Norges Bank)
Lecture 13 Topical Lecture: Forward CEPR ebook on Forward Nina Larsson
Guidance Guidance (2013) Midthjell

= Seminar 3 (16-18 March) and = Seminar 6 (4-6 May): Related to the exam
Seminar 4 (6-8 April) : The NKM
=  Exam: 24 May at 2:30 pm (3 hours)
= Seminar 5 (27-29 April): Related to Financial
Stability
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