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From RBC to NK Models

From RBC to NK

Recall The RBC Core

Households, with external habit in their utility, make an intertemporal
utility-maximizing choice of consumption and labour supply subject to
a budget constraint.

Net assets consists of capital employed by firms

Firms (wholesale=retail) produce output according to a crt production
technology and choose labour and capital inputs to minimize cost

Investment adjustment costs and capital producers
Labour, output and financial markets clear

A balanced exogenous growth steady state with zero growth

page 2 of 44



From RBC to NK Models

Three NK Models

e Recall the three models from the Course Introduction

@ The "workhorse” NK model with labour as the only factor of
production. Prices are sticky, but wages flexible. Suitable for analytical

results - see Woodford (2003) for example.

® The model of Smets and Wouters (2007), henceforth SW with capital,
sticky wages, capacity utilization and fixed costs.

© A “slimmed down” SW model without sticky wages, capacity
utilization and fixed costs.

e Model 3 is a special case of Model 2 and Model 1 is a special case of
Model 3 (and therefore Model 2).

e We first concentrate on models 3 which is the model we estimate.
Then we cover models 1 and 2.
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From RBC to NK Models

The New Keynesian Models 1 and 3

e Our NK model 3 consists of

e A RBC real core with CD utility, labour and capital as factors of

production, external habit in consumption and a nominal side
consisting of

e prices set by the retail sector
e a nominal interest rate set by the policymaker

e We introduce price stickiness in the form of staggered Calvo-type
price setting in the retail sector

e The literature often presents a 3-equation log-linearized form of
model 1, the workhorse model, with logarithmic utility, no habit,
labour as the only factor of production and no government
expenditure (6. =1, x = I = G; = 0).

e But this is our Model 1 considered later as a special case of Model 3
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From RBC to NK Models

lHlustration of NK Model
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NK Model 3 Dixit-Stiglitz Aggregators

The NK Model 3: Dixit-Stiglitz Aggregators

Following Dixit and Stiglitz (1977) assume monopolistic competition
in the retail sector that converts a homogeneous wholesale good into
differentiated goods.

See Appendix 2 of the Notes for a summary of this seminal paper.
Then we can model price-setting by firms.

Define Dixit-Stiglitz CES aggregators for aggregate consumption and
price over differentiated goods m by

! ¢/(c-1)
(/ Ct(m)(Cl)/Cdm>
0

With these definitions we have that

@

P C; = aggregate expenditure

The parameter ( turns out to be a price-elasticity.
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NK Model 3 Dixit-Stiglitz Aggregators

The NK Model 3: Demand for Differentiated Goods

e From Appendix 2 of the Notes, Dixit-Stiglitz aggregators lead to a
demand for consumption of good m is given by

Cu(m) = <P,£’"))< ¢

e Similarly for investment and government goods so in aggregate

vigm) = (247 )) Y, M

where Y;(m) is the quantities of output needed in the wholesale
sector to produce good m in the retail sector.
o Integrating over m we then have

/OlYt(m)dm:YtW:</01<Ptl(DT)>_gd)Yt AY:  (2)

—¢
where A; = fol (%ﬁ) dm is price dispersion.
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NK Model 3 Calvo Price Contracts

The NK Model 3: Calvo Price Contracts

e Now we can model price stickiness

e There is a probability of 1 — & at each period that the price of each
retail good m is set optimally to P2(m); otherwise it is held fixed.

e Retail producer m, given the common real marginal cost
MC;(m) =MC; chooses {P?(m)} to maximize discounted real profits

A
E, ka Ltk Yek(m) [P2(m) = PeskMCeii]

where A; i = B* Ue, t*tk is the stochastic discount factor over the

interval [t, t + k], subject to

Yirk(m) = (Pto(m)> B Yitk

Ptk

(using (1)).
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NK Model 3 Calvo Price Contracts

The NK Model 3: Calvo Price Contracts

e The solution to this optimization problem is

o0

A k 1
E kLK Y, (m) [PO(m) — ————— P kMCrii(m)| = 0
t;}f Pt+k t+k( ) t( ) (1 _ 1/<—) t+k t+k( )
e Hence
'Dto(m) 1 E; Zio:o gk/\t,t-i—k (nt,t+k)< Y4k MCiyi(m)

Pe (1-1/0) Ee X0 Merk (Merin)S ™ Yerk(m)

e In a symmetric equilibrium of identical costs MC¢(m) = MC;; hence
PO(m) = PP and Y;(m) = Y; are invariant across m

e Hence we can write
P U
P, JJ;
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NK Model 3 Calvo Price Contracts

The NK Model 3: Price and Inflation Dynamics

Details of algebra in Appendix 5 of the Notes

e Price dynamics as difference equations: Then we can express the foc
above as difference equations:

PR
P. — JJ
1
— EENeer1NS 1 Jea] = (1 1>Ytl\/ICtI\/ISt
S

Sy = EEMNeeaNs 1 Jeia] = Ve

e By the law of large numbers the evolution of the price index is given
by the D-S Aggregator:

PEE = P + (1= €)(POY S
e Defining [t — 1, t] inflation by My = PPf

t—1

_ J
1=€ny '+ (1— <f>
page 10 of 44 5 t ( 5) JJt




NK Model 3 Calvo Price Contracts

The NK Model 3: Price Dispersion

See Appendix 5 of Notes
¢ Real marginal costs are given by

PW
MC, =
G P,

In the RBC model P/Y = P; so real marginal costs are fixed at unity.
Note we have added a mark-up shock MS; to real marginal costs.
The next change is the introduction of price dispersion A; which
reduces output. As shown in Appendix 5 of the Notes we have:
(AtHy) K

At

1 J\ ¢
o = [ (PP =i +(0-9 (JJ)

If steady state inflation is non-zero, A; is of second order so for a
first-order approximation can be ignored.

Yt —

page 11 of 44



NK Model 3 Monetary Policy

The NK Model 3: Monetary Policy

e The nominal interest rate is given by the following Taylor-type rules

Rt Rn e
Implementable : Iog( 7 ) = p,log ( r}?t 1)
n n

M Y
+ (1—pr) [9 Iog<|_I > +0, Iog<y>] teme or
R R,
Conventional Taylor : log < R7t> = p,log < Rt 1)

v o ot () 0108 (22

where Y[ is the flexi-price level of output (as in RBC model) and
€m,t is @ monetary policy i.i.d shock.

e The ‘implementable’ form stabilizes output about its steady state, the
conventional form about Y. Then 0, and 6, are the long-run
elasticities of the inflation and output respectively with respect to the
pia(glt;c%roefs‘;g1 rate. The “Taylor principle” requires 6, > 1.




NK Model 3 Other Features

NK Model 3: Euler Equation and Supply of Capital

e With a nominal side of the model we need to distinguish between the
ex ante nominal gross interest rate R, ; set at time t and the ex post
real interest rate, R;. These are related by the Fischer equation

Rn,t—l
Me

e The stochastic Euler equation must now take the form

Rt:

Rnt
Uct = E¢ [I’I Uc t+1] =1= Et[Rt+1/\t t+1]
t+
e Household supply of capital is now given by
E. IA 1— Pt+1 Yt+1 1—§
e | Aeerl( Oé)pt+1 o+ ( )Qt41]
Et[/\t,t+1Rt+1] = Q
t

= Et[/\t,tJrl RK,t+1]
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NK Model 3 Other Features

Exogenous Shock Processes

e In a zero-growth steady state there are three exogenous AR1 shock
processes to technology, government spending and the mark-up
shock, and an i.i.d monetary policy shock:

logAr —log A = pa(log Ar—1 —log A) +€a ¢
log Gy —log G = pg(log Gi—1 —log G) + g+
log MS; —logMS = pps(log MS;—1 — log MS) + eus, ¢

e Other shocks are possible such as to investment and preferences and
capital quality. (See models with financial frictions).

page 14 of 44



NK Model 3 Steady State of Model 3

The NK Model 3 Steady State: Real Component

Consider first the case of a zero net inflation steady state (1 =1). Then
the real component of the steady state is that of the RBC model with

. . . w
investment adjustment costs and a wholesale-retail mark-up PT:

Q = 1 (because S(X) = S'(X) = 5(0) = S’(0) =0)

1
R = =
B
YW — (AH)aKlfa
A = 1
YW
Y = T:YWsinceA:1
oC
== 0 = W
(1-0)(1—-H)
w
oP™
P
PK 1—a
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NK Model 3 Steady State of Model 3

NK Model 3 Steady State: Nominal Component

e For a non-zero steady state net inflation rate ( gross rate 1 > 1), for
the nominal side we have

J1 - pency = YMC)

JJ1—penety =

(
Y

TJJ _ <1 £né- 1> |
(1 >JJJ<(11—_§HH< )1)

(L EnehTe
1—¢ne

e For a zero-inflation steady state [1 = 1 we arrive ﬁ =A=1and

MC =

N

MC = (1 — %) Note there is a long-run inflation-output trade-off
hses Ascari and Ropele (2007)).



NK Model 3 NK Model 3 with Habit

NK Model 3 with Habit

e External habit introduces output persistence but is arguably a more
plausible form of utility

e Introducing external habit (‘keeping up with the Jones') for household
Jj we now have

(G = XCe)79(L = H)o)t o — 1

o
U= o
UJC,t = (1-0)(C¢ — xCeoy)F7907o)71((1 — H,)ell7o0))
U, = —o(Cl—xCrq)A-00=09(1 — Hy)eli=oe)-1

where aggregate per capita consumption C;_; is taken as given.

e Then in an equilibrium of identical households, C{ = C.
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NK Model 3 NK Model 3 with Indexation

NK Model 3 with Indexation

e Price Indexation introduces inflation persistence in an ad hoc fashion
e With indexing by an amount  the optimal price-setting first-order
condition for a firm j setting a new optimized price P9(j) becomes

o kMo Peyi-1\’
PO( ) E KNy, m<t+ )
£ ( )t[kz_%f Py t+k(m) P,
1
= A MCii Y,
( 1/0 [Z§ tit+k t+k t+k( )]
e Price dynamics are now given by
P_
P. Jk
61 = [l
JJt - g/BEt[/\t,t+lnt+1 JJt+1] = Yt where I_It = I_I,Y )
tf
~ 1
_£/8Et[/\t,t+1n§+1jt+1] = 1 T MCMS: Yy
S
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The Workhorse NK Model 1

The Workhorse NK Model 1

The workhorse NK model is the above model with no capital, no

habit and no indexing. It is summarized as follows.
(P (1=Hr)e)t=7e—1

1—0o¢ '

Instead of a non-separable utility function: U; =
it assumes a separable utility function:

Ctlfo' Ng-er
1—-0c 1+7%

U(Ct, Nt) =

where 9 is the Frisch parameter.

We log-linearize the model about the non-stochastic steady state
zero-growth, zero-inflation.

At the centre in the linearized NK Phillips Curve:

e = LEmir1 + A(me: + msy)
where )\ is a constant given by
-89

§
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The Workhorse NK Model 1

The Linearized Workhorse NK Model 1

The log-linearization of the whole model about the non-stochastic steady
state zero-growth, zero-inflation is given by

AR1 Shocks

Euler Equation
Labour Supply

Real Marginal Cost
Labour Demand
Production Function

Equilibrium
Philips Curve
Monetary Rule

Marginal utility of C;
Marginal utility of H;
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Xt = pxXe—1+exe; X =A G MS
]Et[UC,t—H] =uct— IEt(fn,t - 7Tt+1)
Wi = —UHt — UCt

mce = py’ — pt

wy = mcy + yr — hy

yt = a(at + hy)

Yt = CyCt + 8y 8t
(1-891-¢)
3
ot = prine—1+ (1 — pr)(Oxme + 0y y:) + €m e

uct = —O0Ct

UHt = —1phy

e = BEimeq1 + (mce + msy)



The Workhorse NK Model 1

The Linear New Keynesian Phillips Curve

e Further insight into the NK Phillips curve can be obtained by solving
it forward in time to obtain

e = BE (BEramera + A(mecep1 + msei1) +A(me: + msy)

Tt+1

= )\(mCt —+ ms; + IBEt(mCt+1 + m5t+1) + BzEt’]Tt+2

e This uses E;E;i 1712 = Eymeio (the “law of iterated expectations”).

o Re-iterating we arrive at

o0
T = \E; ZB’(mCH,- + ms¢4)
i=0

e Thus the inflation rate is proportional to the discounted sum of the
future real marginal costs with mark-up shocks from producing the
differentiated good.
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The Workhorse NK Model 1

The Flexi-Price Economy

This is the limit as & — 0 in which case mc; = mcf = 0 denoting the
flexi-price model with a superscript F. It is given by
F

Euler Equation : 0 E¢[cfy4] = occf —1f (3)

Labour Supply :  w; = —un: —uc;: = T/JhtF + occf (4)
Labour Demand :  w/ = yF —nf (5)

Production Function: y[ = a(a;+ hF) (6)
Equilibrium : th = Cycf + 8y 8t (7)

with exogenous shocks a; and g; processes as before.
Equations (4) — (7) define an equilibrium in nf', wf, yf and cf given

a; and g:. Then (3) gives the natural rate of interest as:
rf = oc(Eelclia] — ¢f) (8)
The flexi-price model which has a price mark-up and RBC models still

differ in the steady state. But as the price elasticity { — oo the

mark-up disappears and the flexi-price NK and RBC models are same.
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The Workhorse NK Model 1

The Three Equation Workhorse NK Model 1

With g, = G; = 0 and ‘Implementable’ Taylor Nominal Interest Rate
Rule the model is:

e = PEmepr + Ky + mst)
“IS Curve”: Aggregate Demand

1
Eryir1 =yt + —(rnt — Eemey1)
Oc
Implementable Taylor Nominal Interest Rate Rule
I'nt = Print—1+ (1 - pr)(gﬂ'ﬂ—f -+ eyyt)) + Mt

where y; = log Y;/Y, m = log /I etc and & is given by

_(1-89)1-¢  a(l+v)
B 3 1+¢ +afoe—1)

yf and rf are not required.
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The Workhorse NK Model 1

The Three Equation Workhorse NK Model 1

Let x; = yy — th be the output gap
With a Conventional Taylor Nominal Interest Rate Rule the model is:

e = PBEmey1 + k(X + ms;)

“IS Curve”: Aggregate Demand

F
Etxep1 = x¢ + ;(rn,t — Emep1— 1)
Cc

The natural rate of interest rf and flexi-price output y/ are given by

rtF = UcEt}/tﬁ-l_YtF (10)
a(l+¢
V= 1+v) (11)

a
1+¢+afoc—1)7"
Conventional Taylor Nominal Interest Rate Rule

fnt = Print—1+ (1 - pr)(eﬂﬂ't + exxt)) + €Mt

o See Notes Section 7.4 for algebraic details.
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Understanding the Impulse Responses

Understanding the Impulse Responses

e Linearized models can be used to understand the impulse response
functions set out below.

e Consider a simpler version of model 3 where o = 1 (Cobb-Douglas
utility) and x = 0 (no external habit).
e Then the linearized form (see Notes, Section 6.2.7) gives:

H
labour supply : = —h
ur supply : w; e+ Th
production function : y; = a;+ ahf + (1 — a)ke—1
T 1 .
output equilibrium : ¢; = ?(yt — iyiy — 8y 8t)
%
real marginal cost : m¢; = w; + h;’ -y =w+ hf — Vi

e Hence
Wr =y — h{f’ +mer = ar + (1 — a)(ke—1 — h?) + mc
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Understanding the Impulse Responses

Understanding the Impulse Responses

e The real marginal cost (the inverse of the retail mark-up), mc;, is
given by the Phillip's curve as

Tt — BEemeq1

A
which implies that a temporary increase in inflation with
Eimer1 < 7 (a looser monetary policy) will see marginal costs
increase.

mcy =

e Similarly a temporary decrease in inflation will see marginal costs
decrease.

e In the labour market equilibrium h$ = h? = h;. In the steady state at
t —1, ke—1 = 0 and a little algebra sees equilibrium hours as

<1**>3t+lt+< )gt+mCt
he = (12)
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Understanding the Impulse Responses

Understanding the Impulse Responses

Thus hours rise on impact with a positive technology shock (a; rises)
keeping g = 0 iff

1

<1—> at+lt+mCt>0 (].3)
Sy

negative

which since ¢, < 1, requires as a necessary condition it + mc; > 0.

For the RBC model mc; = 0 and from the irfs below /; rises with an
increase in a;. Then provided that adjustment costs ¢x are absent or
small, hours will then increase.

With the NK model by contrast a positive technology shock leads to
an immediate fall in inflation 7; (a tightening of monetary policy) and
mc; < 0, so the possibility of a fall in hours appears.
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Understanding the Impulse Responses

Understanding the Impulse Responses

For the real wage rate w; it is straightforward to show:

(1-a)1-2) (1 - )i + Zg)
Wy = - H (at + mct) - H
positive
(14)

In a similar manner to hours, this equation can be used to explain the
response of the real wage to impulses a; and g; in the irfs.

In response to a positive technology shock the real wage will fall in
the NK model iff a; + mc; < 0 i.e., the effect of a fall in inflation
policy where mc; < 0 outweighs the productivity effect.

For the RBC model mc; = 0 and the first term is positive whereas the
term in j; is negative.

For high « (labour share), the former outweighs the latter - see figure.
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Understanding the Impulse Responses

Understanding the Impulse Responses
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Understanding the Impulse Responses

Understanding the Impulse Responses
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SW NK Model 2

The Full SW Model 2

e We now introduce six new features

A different form of preferences

Wage stickiness

Capacity Utilization

e Fixed costs of converting homogeneous output into differentiated
goods.

e A non-zero balanced growth steady state with a stochastic trend.

Internal rather than External Habit

Unemployment (or rather underemployment) in a simple way

e Smets and Wouters (2007) has one more feature: Kimball aggregators
as in Kimball (1995) and Klenow and Willis (2016) generalize the
Dixit-Stigliz aggregator. But we do not include this feature.

e Here we concentrate on SW preferences, internal vs external habit
and wage stickiness - full details of remaining features (including
stationarization) are in the Notes
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SW NK Model 2 SW Preferences

SW Preferences

e As with CD preferences, those of SW are compatible with balanced
growth (see King et al. (1988)).

e In stationarized form, with external habit in consumption, household j
has a single-period non-separable utility

/ Oc— Y1+
GG/ ) ()
s 1o . x€0,1)

C
— log(Cl — xCe—1/(1 + g¢)) + (H)™
t 1 +¢

where C;_1 is aggregate per capita consumption
e Whereas with internal habit we have

P P . Ge— H{ 1+
(€= XCLy /(1 + @) exp (=) -1

U = o . x€[0,1)

as o, — 1

(H)
1+

— log(Cl — XC{_l/(l +gt)) + as oo — 1
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SW NK Model 2 SW Preferences

SW Preferences

e Defining an instantaneous marginal utility by

1+9

e Then in a symmetric equilibrium, household first-order conditions are

Uce = (Ce — xCeo1/(1+ g¢)) e exp <(U)t>

A
1 = E¢[Res1Mte41] where Ap i1 = Bger1 ;\H
t
_ oc — 1)HFTY
Une = ~HY(C—xCer/(1 4 g ep  T0 DM
1+
Un
Rt 0w
At ‘
where for external habit and internal habit respectively we have

)\t = UC,t
Ae=Uc: — 5XEt[UC,t+1]
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SW NK Model 2 SW Preferences

SW Preferences

e Note that unless 0. — 1, the separable utility function:

(¢l —xCe1/(L+g)) 7 =1 (H)*
1—o0¢ 1+

Ul =
in Woodford (2003) is not compatible with balanced growth.

e Parameter v is referred to by Smets and Wouters (2007) as the
labour supply elasticity.
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SW NK Model 2 SW Preferences
Wage Stickiness |

To introduce wage stickiness we now assume that each household
supplies homogeneous labour at a nominal wage rate W}, ; to a
monopolistic trade-union

She then differentiates the labour and sells type H:(j) at a nominal
wage W, ¢(j) > W+ to a labour packer in a sequence of Calvo

staggered nominal wage contracts.

The real wage is then defined as W; = V‘,/D”t’f. We now have to

distinguish between price inflation which now uses the notation

P — Pt . . w — Wn,t
My = .5 and wage inflation. Ty = Wt

As with price contracts we employ Dixit-Stiglitz quantity and price
aggregators. Calvo probabilities are now £, and &,, for price and wage
contracts respectively. Similarly J;, JJ; are replaced with Jf, JJP and
JY, JJY to model price and nominal wage dynamics respectively with
dispersions Af and AY.
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SW NK Model 2 SW Preferences

Wage Stickiness Il

The competitive labour packer forms a composite labour service

w/(p—1)
according to H; = (f Hq ()= 1)/“dj) g and sells onto the

intermediate firm. where p is the elasticity of substitution. For each
J, the labour packer chooses H:(j) at a wage W, ;(j) to maximize H;
given total expenditure fo nt()H:(Jj)dj.

This results in a set of labour demand equations for each
differentiated labour type j with wage W, +(j) of the form

i) = () e (15)

where W, ; = [fo () “dj:| T is the aggregate wage index.

Hy and W, ; are D|X|t—St|gI|z aggregators for the labour market
corresponding to Y; and P; for the output market in Model 3.
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SW NK Model 2 SW Preferences

Woage Setting by the Trade-Union |

e Wage setting by the trade-union again follows the standard Calvo
framework supplemented with indexation.

At each period there is a probability 1 — £, that the wage is set
optimally. The optimal wage derives from maximizing discounted
profits.

For those trade-unions unable to reset, wages are indexed to last
period's aggregate inflation, with wage indexation parameter ~,,.

Then as for price contracts the wage rate trajectory with no
Tw
re-optimization is given by W2, (j), Wn?t(j)< 2 ) ,

Pt_1
O (i [P\ ™
Wn,t(f) (Pii) LA
The trade union then buys homogeneous labour at a nominal price
Wh,+ and converts it into a differentiated labour service of type j.
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SW NK Model 2 SW Preferences

Wage Setting by the Trade-Union Il

e The trade union time t then chooses WO( /) to maximize real profits

A K (i (P17
Etzsw S ) [ W20 (552) - W

t—1

where using (15) with indexing Hei«(j) is given by

wWy(j) (P 1\ v K
Hepr(j) = | —2 ( t+ > 1yd
e+k(J) <Wn7t+k P, t+k
e By analogy with price-setting this leads to the optimal real wage
W t
We 1 EETeAe () AL

P, (1—-1 0 w B
e /1) Ee > 2klo S ek (nt,t+k) (nff-‘rk) HE

e Then by the law of large numbers:

1— P \ 7\
VVn,tlu = £W< nt— 1<Pt—1> > _|_(]__£W)(W,97t(j))1—ﬂ
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SW NK Model 2 SW Preferences
Wage Dynamics

e Now define

it We = My . 4
neF = 7t; nw = t szif; P _ P
t Pt—l t Wt—]_ t (nfil)’yw t(fY) (I—Ilzil),y
e Then as for price dynamics we have
Wto . JY
Wn,t a WtJJ%N
w (A L.
T = Swlie At’”l#ﬂtﬂ = H
t,t+1(’Yw)
B = B [Nl | = _ﬁMRStMSWJH;’
where MRS; = _ZI;E — VlVDht,t_
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SW NK Model 2 SW Preferences

Dispersion Dynamics

The set-up is completed with a relationship between real wage
growth, price inflation % and wage inflation MY

I_IW
W, = —LW,_q;
t I_If t—1
wage dispersion AW (with price dispersion now AF):
. woN
aY =&y ot + (1-6) (- )
n,t
and a final composite output - retail output relationship:
v YV —F
t Ap
t
YV = (AH) (uKe1)' 0
H
d t
Ht - r?/

Note that underemployment is H; — H¢
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Software and Exercises
Dynare Model Files

In folder NK

¢ NKlinear.mod: Linear NK model 3 with habit and indexing options.
With a flexi-price option and therefore set up for both an
implementable rule and conventional Taylor rule.

e NK.mod: Non-linear NK model 3 with habit, indexing options and
price dispersion. With a flexi-price option and therefore set up for
both an implementable rule and conventional Taylor rule.

e SW_NK.mod: Non-linear SW NK model 2. This uses an external
steady state - see Day 1. Set-up has external or internal habit
option; Indexing takes place in both the steady state and out of the
steady state (unlike Smets and Wouters (2007). No flexi-price option
and therefore only set up for an implementable rule.

e graphs_irfs_compare_NK Graph plotter for irfs of non-linear or linear
NK model
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Dynare Modelling Exercises |

@ Examine the role of habit and indexing in the NKlinear.mod model
by comparing impulse responses for zero, medium and high parameter
settings of x and .

® Compare the impulse response functions and the variance
decomposition of RBC with external habit and NK models, both with
investment costs, for low, medium and high values of the investment
cost parameter ¢x = 0.1,2.0,4.0.1Use the slides on understanding
irfs to interpret the results.

© The easiest way to do this is to first run the NK model with perfect
competition in the retail sector (¢ = 10000, a large number) and
& =0. This is in effect the "RBC model”. Then reset ¢ and £ as
before for the NK model. In fact the flexi-sticky price option does this
for you. Does the monetary shock have real effects in the RBC case?

® Compare the impulse response functions of NKlinear with
implementable and conventional Taylor rules.

1The responses of hours to a technology shock relates to the hours-technology
debate (see Gali and Rabanal (2005), Whelan (2009) and Cantore et al. (2010))
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Dynare Modelling Exercises |l

@ Modify the code NK.mod by introducing a preference shock (PS;)
in utility, and an investment specific technology shock (/S;). Modified
equilibrium conditions are:

(G — Xthl)(l_Q)(l — Hp)2)t7oc — 1

Ut - PSt
1—o0,
Uce = PSi(1=0)(Ce— xCo) 0029 4((1 — )i
Une = —PSto(Ce— xCra)m 077 (1 — Hy)ottmoe) 1

Kt == (1 —5)Kt71 +(1 —S(Xt))lt /St
1 - Qt /St(l - S(Xt) - XtS,(Xt))
+ Et [At,t—i-l Qt+15l(Xt+1)X1?+1 /St—i—l]

® Discuss the irfs for these extra shocks.
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Dynare Modelling Exercises Il|

In NK_SW.mod compare impulse responses of the model with the
following parameter choices

® &, =&w = 0.7 (sticky prices and wages)
® ¢, =07, & =0 (sticky prices, flexi wages as in Model 3)
© & =0, {w = 0.7 (flexi wages, sticky prices)

Do the same for the sticky prices and wages model comparing external and
internal habit using the pre-processor option.

What do you conclude from these two exercises?

page 44 of 44



References

Ascari, G. and Ropele, T. (2007). Optimal Monetary Policy under Low
Trend Inflation. Journal of Monetary Economics, 54(8), 2568—2583.

Cantore, C., Leén-Ledesma, M. A., McAdam, P., and Willman, A. (2010).
Shocking stuff: Technology, hours, and factor substitution. Working
Paper Series 1278, European Central Bank.

Dixit, A. K. and Stiglitz, J. E. (1977). Monopolistic competition and
optimal product diversity. American Economic Review, 67(3), 297-308.

Gali, J. and Rabanal, P. (2005). Technology Shocks and Aggregate
Fluctuations: How Well Does the Real Business Cycle Model Fit Postwar
U.S. Data? In NBER Macroeconomics Annual 2004, Volume 19, NBER
Chapters, pages 225-318. National Bureau of Economic Research, Inc.

Kimball, M. S. (1995). The quantitative analytics of the basic
neomonetarist model. Journal of Money, Credit and Banking, 27(4),
1241-1277.

King, R., Plosser, C., and Rebelo, S. (1988). Production, Growth and
Business Cycles I: The basic Neoclassical Model. Journal of Monetary
Economics, 21, 195-231.

page 44 of 44



Software and Exercises

Klenow, P. J. and Willis, J. L. (2016). Real Rigidities and Nominal Price
Changes. Economica, 83(331), 443-472.

Smets, F. and Wouters, R. (2007). Shocks and Frictions in US business
cycles: A Bayesian DSGE approach. American Economic Review, 97(3),
586-606.

Whelan, K. T. (2009). Technology shocks and hours worked: Checking for
robust conclusions. Journal of Macroeconomics, 31(2), 231-239.

Woodford, M. (2003). Interest and Prices. Foundations of a Theory of
Monetary Policy. Princeton University Press.

page 44 of 44



	From RBC to NK Models
	 NK Model 3
	Dixit-Stiglitz Aggregators
	Calvo Price Contracts
	Monetary Policy
	Other Features
	Steady State of Model 3
	NK Model 3 with Habit
	NK Model 3 with Indexation

	The Workhorse NK Model 1
	Understanding the Impulse Responses
	SW NK Model 2
	SW Preferences

	Software and Exercises
	Dynare and Matlab Files

