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Properties of the New Keynesian Model

Transmission of monetary policy

Instrument (money and interest rates) rules

The effects of monetary and productivity shocks: impulse responses

Is the NK PC consistent with the data?



The NK model is described by:

. . 1~ . .
Dynamic IS : 7y = —— (Zt — Etﬂ't_|_1) + Etyit1
. 1 — 1-— —
NKPC : 7 = ( 753( ) mct + BETy4 1
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(LM) © M1 —pr = S — i

plus z; = v,2¢_1+€4¢t, with .4 "nid (0, V), and a description of monetary policy
(to be specified below).

e Solve the “Dynamic IS" forwards:

1 oo
Yt = C¢ = — > Ey (’Lt+s — Etﬂ'H—l—l—s)
s=0



output=demand is determined by a geometric average of short term real inter-

est rates over the indefinite future: the yield of a very-long term zero coupon
bond

Therefore monetary policy can affect output only through current and
future expected real interest rates

The reason is simple: From the Euler equation it follows that the path of output
is determined by the real interest rate - a lower real interest rate increases
current output relative to future expected output because it makes current
consumption cheap relative to future consumption

Hence, the real interest rate is key for understanding the transmission mech-
anism: A positive monetary expansion that lowers the real interest rate raises
demand, which in turn raises output



Why does output rise? Some firms cannot change their prices. Hence, they
meet the higher demand at given prices

However, by the first order condition in the labor market, higher activity trans-
lates into higher nominal wages

Implications: with the monetary expansion, the mark-up of non-adjusting firms
fall below its desired level. Hence, countercyclical movements in mark-up
are key

Recall: shocks to marginal costs (productivity) can affect current output only
insofar as they affect real rates



The transmission of monetary policy

e We need to close the model by introducing a description of monetary policy

e First, let's look at the effects of monetary policy assuming an exogenous money
growth rule:

g\mt — pmgmt—l + e%n

we can write:

M1 = gmitMt =
mMi4+1/Dt (m¢/pi—1) 9mt (Pe—1/pt) =

—~

Miy1 — Pt = Mg —Pr_1 — Tt + Gmit



Recall: substituting the Euler equation into the money demand equation yields:

- 1 b ,__ R -
2yt = ;Etﬂ't—H + . (myr1 — Dt) + Etyira

To investigate the properties of the model, set 5 = 0.99, b = d = 0 =
1, p,, = 0.68

Results when v = 3/4 so that prices stay fixed for one year (4 quarters =
1/(1 — ~) on average)

Plot: (gm, output, inflation, technology) (nominal and real interest rates, cash
balances) (marginal costs and output gap)



Impulze responses to a shock ingm

RN TR P ——
e m b ]

“ears after shock

Y S

]
.
O
0
o

BIBIE APEB]S L0, UOIE|ABD JUATIE 4

H i i i
i i i i i i
i i i i i i
i i i i H i
w Lo = " ?_ - = - o
dlels __nﬁ_m_..m_.m oL Uole sap 2018 4
_ _
' '
i ;
S R PR SO R R R
| m
' '
i :
I S R PR SO R R
i :
i :
i :
g foeeetesbosndeon b e
= : .
= ' '
= ; ; B
a ' .
B S b b i m
o ' ' -
w H H o
E | ; i
L L
] i i m
= ' .
= _ : -
= ' '
w ' .
[ R T L e
L m
o ' '
AN m
= S ) ) N [
= :
1
1
1
1
1
I

Impulse respanses io a shock in gm

1.8

12 femmmeod
0.4 fememen

0

B1R13 APEAIS LI0JL LOIEIAGH JUADIa

Y ears after shock



We get large and persistent output effects

Also large and persistent effect on inflation and a drop in the real interest rate

In these dimensions, the impulse-responses from the model appears qualita-
tively in line with empirical evidence.

But there are some problems:

. Lack of inflation persistence: Inflation increases most upon impact - in
the VAR literature, inflation rises persistently following a bell-shaped pattern
(inflation persistence)



2. The empirical evidence also seems to indicate a hump-shaped response of
output

3. How much price stickiness is needed? The above diagrams assume that
prices remain fixed for a year on average (4 quarters) - this sounds unlikely.
Recent studies indicate that 3-6 months is more realistic. Below we show the
results for v = 1/2 which is in the upper end of these more recent estimates.
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e Much smaller output effects and much larger inflation effects when prices are

more flexible

4. Distribution of profits may be weird: Suppose there is a positive money
supply shock. This increases nominal marginal costs but some firms cannot
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change prices. If v = 3/4, after 4 quarters there is still a large number of
firms that have not adjusted prices:

9 = ~+* =81/256 = 31.6%

If the money supply shock is large enough, these firms will be making large
negative profits.

. Response to technology shocks: In the sticky price model, technology shocks
increase output but the elasticity of output is smaller than unity - some firms
cannot change prices. (For an exogenously given monetary policy) when the
elasticity of output is less than one, technology shocks will lead to a decline in

hours worked.



Impulse responzes to & shock in fechnology Impulse responses to a shock in technology
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e Notice that output is below its efficient level (the output gap is negative) due
to price stickiness

e Whether hours worked respond positively or negatively to technology shocks is
one of the most hotly debated topics in current research. This implication of
sticky price models may / may not be consistent with the empirical evidence.



Monetary policy (interest rate) rules

Above we analyzed the effects of monetary policy when the money supply rule
is entirely exogenous.

There is no endogenous policy responses to macro variables: this is not what
we observe, as much of monetary policy is arguably endogenous — Central
Banks respond to shocks

Let's now introduce systematic policy rules, first arbitrary ones, then we will
derive them as optimal rule from the model itself.

To start with we will focus on instrument rule, in the form of interest rate rules
(rather than money growth rules).



e We will see two important things:

(a) Not all monetary policy rules lead to equilibrium determinacy

(b) The policy rule fundamentally affects the response of the economy to shocks

e The importance of the policy rule simply follows from the fact that, as we
have seen before, the real interest rate is key for understanding the effects
of monetary policy — therefore the rule followed by monetary authorities in
setting the nominal interest rate affects the economy through the implied path
for real interest rates



e Consider an interest rate rule with interest rate ‘smooting’ in the form:

AN

it = pii—1+ey
pi < 1

where e% denotes stochastic monetary policy shocks. Note that this is exoge-
nous as was the monetary rule above

e Implicitly here, the Central Bank adjusts the money supply growth rate ac-
cording to its interest rate rule

e In this case, the NK model is given by the equations:

R 1 N N
yr = - (Zt — Et77t+1) + Bty
Tt = BEmii 1+ Kyt — Az

it = Pitt—1 T €



since the money demand equation in the model is redundant — it simply determines
real cash balances

e Rewrite the equations above as:

1 0071[ % 1 L I T By 0
-k 1 0 T | = B 0 Limipr | + | —Az
i 0 0 P; 1L it—l | I 0 1 it i —6% |

e Pre-multiplying with the inverse of the matrix on the left hand side we get:

_ - - B 1 1 T _ - -
Ui Lo o || Btlen 0
T | =| Kk B+g —5 Eymtii1 |+ | ==
i o o 2 i —Lel
L f-1 ] 0; ‘i p; t

e This is a system of linear expectational difference equations with 2 forward-
looking variables: Saddle path stability therefore requires that two of the roots



of the matrix on the right hand side are inside the unit circle

e C(learly the root of the interest rate (%) is greater than unity. Thus the roots

of: Z

1 1
[/4: Bi?]

must both be inside the unit circle

e We find the roots, &;, from solving:

(a2
o



The roots are given by:

1+8+25+VD
2

2
.D::(1+6+§)+45

o

§ =

Note that v/ D > (1 + B8+ g) and therefore 1+6+§+\/5 > 2 (1 + B8+ g) >
2. Thus, the largest of these roots is also outside the unit circle

e This implies that the equilibrium is locally indeterminate (many solutions
in the neighborhood of (3¢, 0) that fulfill the equilibrium conditions) and there
can be self-fulfilling expectational equilibria

e Intuition: Consider a rise in expected inflation which (according to the “IS
curve”) increases output since the nominal interest rate is not affected due to
the interest rate rule (i.e. the real interest rate decreases)



e The increase in output, according to the Phillips curve then increases actual
inflation: In other words, the expected higher inflation is self-fulfilling

e This indicates that, to get stability, we must have an interest rate rule
that increases the nominal interest rate in response to inflation



e Consider now a Taylor-type rules (without interest rate smoothing):

= anfy + gyl + €l
Here yfap is the percentage deviation of output from its flexible price level
(see last lecture):

vt = U — s
o (1+dEs)
Yyt = (a—l—dln%ss)Zt

e The Taylor rule attempts to stabilize inflation (with weight ar) and to target
the flexible price level of output (with weight . It thus describes a monetary
policy that systematically and endogenously responds to the conditions of the
economy

e The arguments in the previous slides suggests that, in order to get determinacy,
ax must be high relative to ay



Were oy = 0, determinacy simply requires that ar > 1 — in this case,
an increase in expected inflation increases the real interest rate which lowers
output and therefore eliminates self-fulfilling expectations

Sometimes the literature refers to (ar, ay) as the preferences of the Central
Banker — a soft-one would be (ar/ay small), a tough-nosed (ar/cuy large)

Now look at the response of the economy to shocks for a slightly generalized
version of the Taylor rule, allowing for “interest rate smoothing” through p;:

= Pigt—l + (1 — p;) (Oéw%t + Oéyygap) + 63’;
Top row is for a softie, (ar, ay) = (1.5,0.5)

Bottom row is for a tough nosed central banker (o, ay) = (5,0.5)



e In both cases, | set p;, = 0.75

1. The Effects of Monetary Policy Shocks

e plot: (inflation, output gap ygap) (nominal and real interest rates)
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e The weaker CB is more “destabilizing” - monetary policy shocks have a larger

impact on real interest rates

2. The Effects of Technology Shocks

e plot: (output, inflation, output gap) (nominal and real interest rates)
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e [wo conclusions:

1. The dynamics of the economy in response to the technology shock depends
on the policy rule.

2. Although the tough nosed central banker cares less about the output gap,
she succeeds better in stabilizing the economy in the sense of eliminating the
output gap. More about this in future lectures.



Is the NK Phillips curve “consistent” with the data?

e Gali and Gertler, Journal of Monetary Economics, 1999, estimate the NK
Phillips curve and generalize it slightly by allowing for backward looking price
setters as well.

e Specifically, the NK Phillips curve is given by:

1— 1 —
T = ( Wﬁi( W)A t + BB

e Gali and Gertler assume a Cobb-Douglas production function:

k:Oén

Yt = exp(zt)kt



In this case, real marginal costs are given as:

Wy W
mcty = =
Oyt/Ony  Pranyt/ny
B Wing B s?
B an PrYy B Qan
= Wing
PrYy

i.e. real marginal costs depend only on the labor share of income

e Gali and Gertler allow for a ‘hybrid’ NK curve by assuming that a share 1 — w
of producers are forward looking, while another share w are backward looking
and set prices simply adjusting past prices for realized (lagged) inflation. This



implies a "hybrid" NK curve:

1— 1—~) R R
Tt = (1 —w) (1 =75)( wmct + S Bt + +<pTi—1

.
¢ — By
d THwl-y(1-6)

Sp =
T+tw(l—~v(1-5))
where we get the standard NK Phillips curve when w = 0

e Questions: (a) Does it fit the data, (b) how sticky are prices, (c) is it important
to allow for ‘rule-of-thumb’ producers (the backward looking ones). Estimate
relationship using US quarterly data for the period 1960-1997

e Notation: 6 corresponds to our ~ and (fyf, fyf> correspond to our (gf, qf))



Table 2

Estimates of the new hybrid Phillips curve

w il f3 b Ve i
GDP dellator
i1y 0.265 0. 808 LEES 0252 (682 0037
(0031 {0.015) {0300 (023 [0LO20) (OO0
2} (.486 (.834 (0909 L37H .5491 0015
10.040) {0.020) i0.031) (0.020) (0.016) (000
Restricted [
i1} 0244 0.803 LN 0.233 . 7a6 0027
{0030 {0.017) [LO23) (0L 5) (OL00S)
i2) 0.522 0.838 1,000 383 oelo (LO0%
{0.043) {0.027) (0020 (0.016) (0.003)
NEB deflator
i1} 0.077 (L8300 0.949 (LOES 0871 (L0336
10.030) {0.016) {0.019) (0.031) (0.018) (0LODE)
i2) 0.239 0.8606 0.957 ;218 0,755 0015
10.043) {0025 (00210 (0031 (0016} (0L006)




Estimate of « (0 in their notation) implies that prices remain fixed for an av-
erage of about 5 quarters - very high!

In most regressions, there is a significant share of producers (w) that appear
to use rule-of-thumb pricing — this is a concern

Gali and Gertler, however, argue that the rule-of-thumb producers are not
very important, because their share is much smaller than the share of forward
looking producers

How well does the model do at forecasting inflation? Gali and Gertler construct
an inflation forecast on the basis of the parameter estimates above and compare
it to actual inflation:
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e The model does pretty well and tracks particularly well the deflation in the
1990's

e In sum: The NK Phillips curve works OK but there appears to be a need
for including a backward looking term in there — introducing this through
rule-of-thumb producers is ad-hoc



Appendix: An extension of the model Indexation

e The NK model assumes that non-adjusters cannot change their price at all.
This is perhaps a bit too strong an assumption — after all, it might be easy
to write down price contracts/pricing rules including automatic indexation (so
the price rises with inflation unless it's reoptimized)

e Hence, assume that with probability (1 — -y) the firm can reset its price to its
optimal level, with probability v the firm cannot reset to the optimal level but
its preset price nonetheless adjust with the realized past inflation rate

e When the firm gets the chance to reset its price, it faces the optimization



problem:

oo
_ 1
max Hy (pzt) —+E > v 'Ry (Hi’r (pfftXt,T)) —
(8) Pt r=t+1 Pr
Xt,T—lforT:t

Xtr =T X Tpq1 X oo X Tyqrq

where H 4 (p;!‘t) denotes the nominal profits and 7; denotes the inflation rate
between period ¢t — 1 and period ¢

e Imagine, for example, that the firm adjusts in period ¢ but not in period ¢ + 1.
Then indexation means that the price of its good in period t + 1 is pJ,m¢

e Going through the same algebra as in the last lecture, we get

(-B)-7)
8

Tt — i1 = B (EtTer1 — ) +



e This looks like the standard NK Phillips curve but there is one very important
change: It relates the change in inflation to marginal costs and the expected

future change in inflation - therefore, we will get inflation persistence since:

R 1 1 — 1—~)
T = %Etﬂt%—l + mﬂt—l + ( ’YB(;-Y)—F( 5) 7)m6t

I.e. the Phillips curve relates current inflation to past and future inflation

e Below we compare the indexation model (top row) with the non-indexation
(bottom row) for v = 3/4
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e \We see that:

1. Non-indexation gives rise to more persistent monetary policy shocks and to
“hump-shaped” response of inflation due to the induced inflation persistence.

2. The effects on output, however, are less persistent under indexation — the
reason is that the fall in the real interest rate is less persistent

e Thus, while indexation gives rise to longer lasting effects on inflation and to a
delayed peak response, it moderates the output effects.

e Eichenbaum and Fisher (2005) re-estimate the Phillips curve introducing in-
dexation. They also add a few other features that (a) make marginal costs
increasing, and (b) imply countercyclical mark-ups under flexible prices. With
these modifications they find that:



Table 3: Frequency of Re-optimization: Full Sample Results

Rental Market Firm-Specific Capital
for Capital U = =3

Deflator ¢ [ 11_5' t ]T]p ¢ ﬁ

GDP 0 0.88 B.3 0.83 59 0.72 3.6
[0.78,0.98] [1.5,50.0] [0.65,0.97 [2.9,33.3 [0.53.0.95 [2.1,20.0

10 0.83 59 0.79 48 0.70 3.3
[0.70,0.96] [3.3,25.00 [0.60,0.96 [2.5,25.0 [0.51.0.94] [2.0,16.7

33 0.76 4.2 0.72 36 0.66 29

0.60,0.95] [2.5,20.0] [0.52.0.94] [2.1,16.7] [0.46.0.93 [L.9.14.3]

PCE 0 086 7.1 0.80 5.0 0.69 3.2
0.77,0.96] [43,25.0 [0.62.0.95 [2.6,20.0] [0.51,0.91] [2.0,1L.0]

10 081 5.3 0.76 42 0.67 3.0
068,094 [31,167 [057.093 [23.143 [049.0.90 [2.0,10.0

33 073 3.7 0.69 3.2 0.63 2.7

0.57.0.91] 23,111 [0.49.091] [2.0,11.1] [0.44,088 [1.8,8.3]

Note: Estimates based on labor’s share equal to 2/3, a 10% markup and a 2.5% quarterly
depreciation rate.




e Note: 6 in their notation denotes v in our notation. The last row reports the
estimates when there are increasing marginal costs and countercyclical optimal

mark-ups

e The estimates of the Calvo parameter are now more realistic implying that

firms can re-adjust their prices every 3 quarters.



Determinacy with forward-looking interest rules

Posit that central bank responds to expected inflation (not to current inflation):

it =1y + ¢pEi{mip1} + éyEe{Ui41}

Verify that, to ensure determinacy, ¢, needs to be large (as before), but not too
large. Intuitively: start with expectations of positive inflation (which is the per-
centage change in prices). If the central bank reacts very strongly, the contraction
in current demand is deflationary: the price level actually falls, validating the initial

inflation expectations.

Reacting to ‘current inflation’ rules out this possibility: the fall in current inflation

would bring the interest rate down.



