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Abstract

We examine the theoretical and numerical properties of a prototypical New Keynes-
ian DSGE model featuring endogenous capital accumulation and labour supply.
We find that this completely conventional model yields implausible impact results
following unanticipated and temporary shocks when the monetary closure rule is
changed from a policy rule setting nominal interest rates (a Taylor Rule) to a fixed
money supply rule. We compare and contrast a variety of New Keynesian models,
featuring aggregate price stickiness, with their New Classical counterparts featuring
perfectly flexible prices. In line with the literature we find that under a Taylor Rule
the impulse-response functions following a technology shock are very similar. In
contrast, with a fixed money supply the impact effects for the New Keynesian model
are implausible. We demonstrate the robustness of this Implausible Result to alter-
native parameter values and show that it is ultimately caused by the inflexibility of
the capital stock relative to that of the real money supply. We suggest several model
extensions which will eliminate the Implausible Result from New Keynesian sticky-
price models.
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1 Introduction

Over the last two decades or so the once dominant IS-LM-AS framework of macro-
economic theory and policy has been largely superseded by a multitude of dynamic
stochastic general equilibrium (DSGE hereafter) models with Keynesian features.
Founded as it is on earlier DSGE models of the Real Business Cycle (RBC) vari-
ety, the New Keynesian approach has the following key features: (a) behavioural
relations have microeconomic foundations, and (b) agents form rational expecta-
tions. In contrast, while RBC models invariably assume that (c) prices and wages
are perfectly flexible, New Keynesian economists typically assume that price- and/
or wage stickiness is a fact of life which must be included in a micro-based model
of the monetary macroeconomy. Throughout this paper we consider New Keynesian
DSGE models in which wages are perfectly flexible but (c) the aggregate price level
is sticky.

The main purpose of our paper is to examine the theoretical properties of a pro-
totypical New Keynesian DSGE model. The compelling reason for doing so lies in
the fact that this completely conventional model yields implausible impact results
following unanticipated and temporary shocks when the monetary closure rule is
changed. In particular, such implausible results are obtained if the assumption of
nominal interest rate targeting via a Taylor Rule! is replaced by the more traditional
assumption that the nominal money supply is the instrument of monetary policy, a
feature that is well known from the IS-LM-AS framework.

An additional purpose of our paper is to present a careful derivation and discus-
sion of all the salient features of the New Keynesian DSGE model. Whilst these fea-
tures are generally well-known by practitioners in the field and are taken for granted,
our paper may be of use to new entrants in the field presenting and providing a more
extensive discussion of the model. In a sense our paper can be seen as a “How To”
manual for future builders of New Keynesian DSGE models.

The structure of the paper is as follows. In Sect. 2, we formulate the basic New
Keynesian DSGE model, versions of which are used throughout the paper. The
model is loosely based on Yun (1996) and (a simplified version) has been docu-
mented more extensively in Heijdra (2017, ch. 19). Firms in the intermediate good
sector have some market power and engage in Chamberlinian monopolistic com-
petition. Following much of the New Keynesian literature we capture imperfect
aggregate price flexibility by adopting the Calvo (1977, 1983) pricing mechanism.
The main features of the pricing approach are as follows. In each period a fraction,
1 — ¢, of firms receive a “green light” from nature and get to charge a new price.
They do so making use of all the information that is available to them and recogniz-
ing that it may be impossible to adjust prices in the near future (since we assume
that 0 < ¢ < 1). The remaining fraction, {, of firms receive a “red light” and must
charge their old price (that was set in the past). The advantage of the Calvo process
is that the magnitude of { parameterizes the degree of aggregate price stickiness in

! On Taylor rules, see the classic paper by Taylor (1993).
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the economy (with { = 0 representing perfect price flexibility). Individuals derive
felicity from the consumption of final goods and real money balances and disutility
from working. Since they are ultimately the owners of all financial assets (includ-
ing the shares of intermediate goods producers), their optimal portfolio investment
behaviour ensures that firms in the intermediate goods sector discount future profits
using the nominal stochastic discount factor for discounting purposes. To complete
the model description we must select the type of monetary closure that is assumed.

In Sect. 3 we start with our investigation of the New Keynesian DSGE model. We
consider two types of monetary closure, namely a rule setting the nominal interest
(Tayor Rule, or TR hereafter) under which the money supply is endogenous, and
a fixed money supply rule (FMS hereafter) and an endogenous nominal interest
rate (cf. Woodford, 2003; Gali, 2015). We commence the section by presenting the
effects of a temporary productivity shock in the benchmark model commonly used
in the New Keynesian model, namely the one featuring a TR. We label this model
NK-TR and compare its properties to the New Classical model featuring perfectly
flexible prices ({ = 0) and a TR (we label this model NC-TR). Interestingly, we find
that the impulse-response functions for the NK-TR and NC-TR models are very sim-
ilar. The fact that prices in the former model are sticky does not essentially alter the
dynamic pattern of adjustment following a real shock in the economy.

Next, in Sect. 3, we study the same technology shock in the New Keynesian and
New Classical models featuring a constant nominal money supply, i.e. we compare
and contrast NK-FMS and NC-FMS. Our main findings are twofold. First, apart
from the impact effects, the impulse-response functions for the two models con-
tinue to be very similar. Second, and more importantly, the impact effects on output,
investment, employment, factor prices, and real marginal cost are implausible in the
NK variant of the model. Indeed, we show that a one percent increase in the pro-
ductivity indicator causes output to decline by 0.18 percent whilst causing declines
in investment and employment of, respectively, of 2.83 and 1.10 percent. So even
though households get a little wealthier as a result of the shock, they respond at
impact by consuming more (which is plausible) and by saving-investing less (which
is implausible in view of the intertemporal smoothing motive of individuals). The
remainder of the section is dedicated to a discussion of the robustness and intui-
tive reason behind what we label the Implausible Result of the NK-FMS model (a
conjecture).

In Sect. 4, we construct and discuss a number of alternative models in the New
Keynesian tradition and investigate for each specification whether it features the
Implausible Result in the presence of a money demand function and a (passive or
active) money supply rule. The main findings of this section are the following. First,
the Implausible Result does not arise in versions of the New Keynesian model with
(a) a fixed or absent capital stock, (b) an inflation-fighting money supply rule, (c)
capital adjustment costs, and (d) a mix of sticky-price and flexible-price firms in
the intermediate goods sector. Second, the Implausible Result persists (or even gets
worse) in New Keynesian models with (e) quadratic price adjustment costs, (f) a
predetermined price level, (g) a money supply rule that is countercyclical in output,
(h) variable capital utilization, and (i) non-separable preferences. The evidence pro-
vides support for the conjecture (stated above) that the presence or absence of the
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Implausible Result hinges on the flexibility of the real money supply relative to the
flexibility of the capital stock.

Finally, in Sect. 5 we provide some conclusions. Technical derivations and fur-
ther material has been gathered in an extensive mathematical appendix labeled Sup-
plementary Material (SM hereafter). This material will be made available to the
interested reader.

2 Model

In this section we formulate the basic New Keynesian Dynamic Stochastic General
Equilibrium (DSGE) model to be used throughout the remainder of this paper. The
model is loosely based on Yun (1996) and (a simplified version) has been docu-
mented more extensively in Heijdra (2017, ch. 19).> We consider a closed economy
inhabited by identical (representative) agents and normalize the population size
to unity. For expositional reasons we first describe the production sector (in Sub-
sect. 2.1). Next we turn to household behaviour (in Subsect. 2.2) after which we
characterize the macroeconomic equilibrium (in Subsect. 2.3).

2.1 Firms

There are two production sectors in the economy. The final goods sector is perfectly
competitive and it uses inputs produced by monopolistically competitive producers
in the intermediate goods sector. The output of the final goods sector is consumed
by households or the government and is used to augment the physical capital stock.

2.1.1 Production in the Final Goods Sector

The representative firm in the final goods sector produces a homogeneous good
using varieties of a differentiated intermediate good as productive inputs. Produc-
tion is subject to constant returns to scale (in these inputs) and perfect competition
prevails. The number of inputs is constant and we write the aggregate production

function as:
1
YI = [/ Yt(l‘)l—l/gdl-
0

where Y, is homogeneous output, Y,(7) is the quantity of input i used in production,
and 6 is the substitution elasticity between any two inputs Y,(i) and Y,(j) (for i # j).
Since 6 is close to but strictly greater than unity the inputs are close but imperfect

1/(1-1/6)
] 1 <6<, e

2 QOur basic model also uses insights from Bernanke et al. (1999), Ireland (2004a, 2004b), Gali and
Gertler (2007), and Gali (2015). Early New Keynesian models with endogenous capital accumulation
include Woodford (2003, 2005), Smets and Wouters (2003), Christiano et al. (2005), Carlstrom and
Fuerst (2005), Huang and Meng (2007), Kurozumi and Van Zandweghe (2008), and Xiao (2008).
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substitutes for each other. Denoting the price of input i by P,(i) we find that the unit-
cost function is:

1 1/(1-6)
UC, = [ / P,(i)‘—f’dz] . )
0

In the absence of fixed costs, unit cost equals marginal cost. Perfect competition in
the final goods sector thus results in:

P, =UC,. 3)

For future reference we note that the derived demand function for input variety i can

be written as:
W\ -0
Y.() = Y, <PI’J(:) ) . @)

2.1.2 Production in the Intermediate Goods Sector

The intermediate goods sector is populated by a large number of small firms, each
producing a single variety of the differentiated input. Firms engage in Chamberlin-
ian monopolistic competition and, since all firms in the sector are assumed to be
identical, we focus on the decisions made by firm i.

Firm i believes that it is too small to affect the overall market outcome, i.e. in
setting its price P,(i) it takes the prices charged by other firms (as well as aggregate
demand) as given. In formal terms it assumes that dP,(j)/0P,(i) = 0 for j # i and
that 0Y,/0P,(i) = 0. The firm rents capital and labour from the household and faces
a fixed cost in the form of “overhead labour.” The production function is given by:

Y,(i) = F(K,(i), Z, (L,()) — L)) = K,()*[Z, (L,G) - D] ™, ©)

where K,(i) and L,(i) denote the amounts of capital and labour, respectively, Lis
overhead labour (so that L,(i) — L is the number of production workers), and Z, is a
labour-augmenting technological term (which is stochastic and common to all firms
in the sector).’ The second expression in (5) shows that the technology is of the
Cobb-Douglas type with the capital coefficient such that 0 < a < 1.

Firm i faces perfectly competitive input markets because capital and labour are
assumed to be perfectly mobile across firms. This ensures that at any time ¢ there exist
common nominal rental rates, which we denote by Rf for capital and W, for labour. At

3 In the numerical simulations we define Z, = Q(]ezt, where Q,, is a scaling constant, and Z, follows the
AR(1) process as stated in equation (T1.16) in Table 1. See Sect. 3.1 for further details
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Table1 New Keynesian DSGE

models K =L+(1- ?)Kt—l T1.1
Y, =C+1,+G T1.2
1o TL.3
1= [Et[ﬂ (&) L]
I+p Cini L
e R N A T1.4
I-E'[ == () ]
My _ enfo( _ R \7" T1.5
P, =G (5,“(1+R,))
gLf =w,C'° T1.6
v
w,:(l—a)mcrﬁ T1.7
= A T1.8
K =ame, .
no 0= T1.9
P= 55
=N _ /e 4 =N .
2V = ;T PYme, + £ E (2| T1.10
=D — ~1/0 po— ¢ = .
2P = ;7 PlY, + SE (2] TI.11
1-0 _p] /00 TI1.12
P= a0 +ery]
- _ql-a
Yo =K*, [Qoezr(L, —L)] TL13
-0 -0171/6 T1.14
pe=la-ae) "+’
[
yl=<§) o TL15
Z,=¢Z, +n; T1.16
R=p _ o PP Y-y T1.17a
+p = Py ! Ye $x>1 $,>0
M, =M T1.17b

Definitions: Y, is output, C, is private consumption, L, is employ-
ment, K, is the capital stock at the end of period ¢, w, = W,/P,
is the real wage rate, rf = Rf /P, is the real rental rate on capital,
mc, = MC, /P, is real marginal cost, P, is the price level, P} is the
price set by green-light firms, Y} is an alternative output measure,
P¢ is an alternative price index, R, is the rate of interest on risk-
free bonds, and /, is gross investment. Eﬁv and Ef’ are proportional
to, respectively, the numerator and denominator of the right-hand
most fraction in equation (15). The exogenous variables are govern-
ment consumption G and the innovation to technology r/rZ. Under the
Taylor Rule (in equation (T1.17a)) R, is the policy variable M, is
endogenous. With a Fixed Money Supply (in equation (T1.17b))
M,,, = M is constant and R, is endogenous. The structural param-
eters are o, 11, K, £, €,,, . 6, £, 0, L. a, §p, and ¢,

each moment in time the firm chooses its input mix in order to minimize total factor
cost, Rf K, (i) + W,L,(i), subject to the production function (5). This results in:

TC,(i) = MC, Y,(i) + W,L, (6)
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RK * 114 1-a
M= (‘) () - v

where TC,(i) is total cost, MC, is marginal cost, and W,L is fixed cost. To produce
anything at all the firm must hire L overhead workers. Variable cost is given by
MC, Y,(i) and depends on the firm’s output. Note that both marginal and fixed cost
are the same for all firms in the intermediate goods sector. The derived demands for
the two production factors are obtained by employing Shephard’s Lemma:

. OTC()  « .
K, (i) = ORK =R—{(MCIY,(1), (8)
. O0TC(H) . 1-a )
L) = autf, =L+ W MC, Y,(i). )

In the absence of price adjustment costs firm i faces a static profit maximization
problem which results in the (flex-price) optimal price, P’: (i), which satisfies the
usual markup formula:

o 0
Pl(i) = o MC. (10)
At that price the firm’s flex-price output level is Y{ @B=7, (Pf (i)/P,)‘9 whilst its
flex-price profit level is:

NP.(i) = ﬁ MC, Y/ (i) - W,L. (11)

Several things are worth noting. First, every firm chooses the same price and output level
and attains the same profit. Second, since 8 is greater than unity it follows from (10) that
the gross markup is greater than one so that the firm more than covers its variable produc-
tion cost. This explains why nominal profit is increasing in the firm’s output level in (11).

In the presence of price adjustment costs the choice facing the firm is a
dynamic one. Following much of the New Keynesian literature Calvo pricing is
used. The main features of the pricing approach are as follows. In each period a
fraction 1 — ¢ of firms receive a green light from nature and get to charge a new
price, P,(i) = P}(i) . The remaining fraction ¢ of firms receive a red light and
must charge their old price.

To derive the firm’s pricing decision when it receives a green light we first write
nominal profit at some future time ¢ + = from the perspective of time ¢ as follows:

. . P\~ .
NP, (i) = [Pz(l) _MCI+T] Y., <_> - WL

P (12)

= O(P,(i). X, ),

where X, is the vector of macroeconomic variables (expressed in nominal terms)
that are taken as given by the firm, X, . = (P,,,, Y., W,.,,MC,,,). The objective

@ Springer



146 B. J. Heijdra, C. G. F. van der Kwaak

function of a firm that has just received a green light and decides on P,(i) is given
by:

V(i) = ®(P,). X,) +E, lZ N @ (P X o) | (13)
=1

where N, is the nominal stochastic discount factor used for discounting nominal
profits:

s s 2>, (14)
Uc(Cth’MtH/Pt) Ps

N — 1 ! UC(CS’LS’MS+1/PS) i
BT\ 1+p
and U(-) is the marginal felicity of consumption. Note that JV, ; appears in the firm’s
objective function as a result of the portfolio investment decisions of the representa-
tive household (see Subsect. 2.2).

The firms sets P7(i) in order to maximize Vto(i). The solution for this problem is
(see Supplementary Material [SM], Sect. A.1.1):

o PYMC +E[X> N, PO, Y, . MC

I T I+r]

P:l(l) = Pl; = 0 1 v (e T 0
- PlY, + [Ez[27=1 ¢ M,I+TPI+TYI+T]

15)

Several things are worth noting in this expression. First, since firms face the same
macroeconomic environment every green-light firm sets the same price! This sym-
metry property is convenient because it facilitates the computation of aggregates
later on. Second, if firms would get a green light in every period for sure (so that
¢ = 0) then equation (15) would reduce to P7(i) = P} = %MC, which is — of course
— the flex-price solution stated in (10). Third, in the general case (with 0 < { < 1)
the new price P} (i) depends in a complicated way on the current and expected future
macroeconomic environment. The new price is explicitly forward looking.

The symmetry of pricing by green-light firms results in a very simple expression
for the aggregate price level P, (see SM, Sect. A.1.1):

- 1/(1-6)
p=|a-o@E) e (16)

The current price level is a CES aggregate of the price set by current green-light
firms and the lagged aggregate price level. The current price level thus contains both
a backward-looking term (P,_;) and a forward-looking term (P}).

2.2 Households

There is a large number of identical households. Each individual household is
infinitely small and is a price taker on all markets in which it operates. By nor-
malizing the population size to unity we can develop the argument on the basis of
a single representative agent. The representative household is infinitely lived and
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has an objective function based on expected lifetime utility. Denoting the plan-
ning period by ¢, expected lifetime utility, E,A,, is given by:

o0 T—t
1
[EtAt = [El 2 U(CT’LT’MT+1/PT)<1 + p> ’ (17)

=1t

where U(C,,L,, M., /P,) is the felicity function, C, is consumption, L, is labour
supply, and 1/(1 + p) is the discounting factor due to time preference (with p > 0
).We assume that real money balances provide instantaneous utility to the house-
hold. As far as timing is concerned, M, denotes nominal money balances held at
the start of period 7 so we assume that end-of-period real balances enter the felicity
function. Following convention in the New Keynesian DSGE literature we assume

that the felicity function takes the following form:

_ 1-1/n
c-e _ L+x M,_,/P, -1
U(Cr,Lr’M‘r+l/PT)E - y +£m( +11 —)1/’7 '

1-1/c T +K
withe; > 0,¢, > 0,0 > 0,k > 0, and n > 0. The felicity function is weakly separa-
ble in consumption, labour supply, and real money balances implying that money is
superneutral in a model with perfectly flexible prices and nominal wages.

In order to simplify the exposition somewhat we assume that households are
the direct owners of the capital stock and thus make the capital accumulation
decision and derive income from renting out their capital stock to firms in the
intermediate goods sector (described in Subsect. 2.1.2 above). The household
also engages in portfolio investments by purchasing risk-free government bonds,
by holding money balances, and by buying equity shares in firms in the interme-
diate goods sector.

The household’s periodic budget identity (in nominal terms) is given by:

(18)

(o]
PC,+ L] +My +B,y + ) QS =W.L +RK, + (1+R,_,)B,

77+l
s=0

+ ) XISt + M, - P,T,,
s=0

(19)
where P, is the price level, /, is gross investment, M is cash balances at the start of
period 7, B, is the nominal value of the stock of single-period bonds available at the
start of period 7, R__; is the (risk-free) nominal interest rate received on such bonds,
Qi is the nominal price of share type i in period 7, S is the number of shares of type
s held at the start of period 7, X is the payoff from such shares (see below), W_ is
the nominal wage rate, Rf is the nominal rental rate on capital, K is the stock of
capital available at the start of period z, and P_T, is the nominal lump-sum tax. Note
that — in principle — there are infinitely many firm types, i.e. s = 0, 1, ...where firm
type s = 0 is a green-light firm in period ¢, s = 1 is a firm which had a green light in
period ¢ — 1 (but a red light in period ¢), etcetera. The law of motion for the capital
stock is given by:
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K. .=1+0-90K, (20)

T

where 6 is the depreciation rate of capital (0 < 6 < 1).

The household chooses sequences for consumption, labour supply, invest-
ment, single-period bonds, share purchases, money balances, and the capital stock
{C. Ly 1By, S, s Moy, Koy 152, in order to maximize expected utility (17) sub-
ject to (19)~(20) and taking its initial stocks, B,, S}, M,, and K, as given. In addition,
the household treats as given the paths of prices and rental rates (P, @7, W, and Rf ),
the bond rate (R,), payoffs (X?), and taxes (7).

For the planning period ¢ the key first-order conditions for this optimization prob-
lem are as follows (see SM, Sect. A.1.4). The optimal static choice regarding con-
sumption and leisure is such that the marginal rate of substitution between labour
supply and consumption is equated to the real wage rate:

_UL(Cz’Lt’MzH/Pt) _ W,

= —. 21
UCr L M /P) P, @1

Furthermore, the first-order condition for optimal investment gives the consumption
Euler equation for the representative household:

rtlj-l +1-6 Uc(Crrs Liy1s M5/ Pryy)

1 +p UC(Ct’Lt’MH-l/PI)

1=E . (22)

K — pkK . . N . .
where | = R, /P, is the next period’s real rental rate on capital. Optimal pur-

chases of the risk-free nominal bond results in:
1= E[(0+R)N, 11, (23)

where N, is the nominal stochastic discount factor defined in (14) above. Note

that the interest factor 1 + R, can be taken out of the expectations operator because

its value is known to the investor at time . We thus have the usual result that the

risk-free gross interest rate satisfies 1 + R, = 1 /E, [/\/” . 1] (Cochrane, 2005, p. 11).
The first-order condition for nominal money balances is given by:

_ UM/P(Ct’ Lt’Mt+1/Pt)

+E, |N, ) 4
UC(CZ’Lt’MH]/P,) t[ th’l] (24)

Money provides not only direct felicity (captured by the first term on the right-hand
side) but also acts as a store of value (second term). By using the expression for the
risk-free interest rate from (23) we can rewrite (24) in a more intuitive form as:

UM/P(Ct,LthH/Pz) _ R, (25)
UC(Ct’Lt’MtH/Pt) I+ Rt.

Optimal demand for real money balances is such that the marginal rate of substitu-
tion between such balances and consumption is equated to the nominal interest fac-
tor on the right-hand side of (25).
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Some Unconventional Properties of New Keynesian DSGE Models 149

The final (and most complicated) first-order condition is the one for optimal
share purchases:

0 = E, [Nt X}, ], (26)

where X}, is the one-period payoff to purchasing a share in firm type s in period 7.
What is this payoff and why is it uncertain at time ¢? Assume that the investor pur-
chases a share in a period-f green-light firm, i.e. Q? =[, [./\/” +1X?+1]- Whilst the firm
has a green light in period ¢ there are two possible outcome for the next period. With
probability 1 — ¢ it will have a green light again in period ¢ + 1 so that the payoff to
the investor will be Q?+1 + NP?H, where Q?+1 is the share price for green-light firms
and NP?H is nominal profit of such a firm (both in period ¢ + 1). With probability
¢, however, the firm gets a red light in period ¢ + 1 so that the payoff to the investor
will be Qt1 gt Nle +» Where Qt1 4 and NPt1 + denote the share price and nominal profit
level of type s = 1 firms in period ¢ 4+ 1. Since the household is ultimately interested
in what he or she can consume as a result of the payoff, the nominal stochastic dis-
count factor is applied in the expression in (26). To answer the question at the start
of this paragraph, the payoff is stochastic both because there are technology shocks
affecting all firms and because the firm may change type between periods ¢ and ¢ + 1.

To summarize we note that for a firm of type s in period ¢ the share price satisfies:
0 = B, [Niyut [(1 = QL + NP, ) +EQ) + NP 27)

No matter how long a red-light firm has been in this sorry state there is always hope
in the form of a non-zero probability of switching to the green-light status in the
next period.

2.3 Macroeconomic Equilibrium

In this section we tie up some loose ends and define the macroeconomic equilib-
rium model using the functional forms for household preferences and the technol-
ogy in the intermediate goods sector (as stated in, respectively, (18) and (5)). For
convenience the equations defining the macroeconomic equilibrium have been
gathered in Table 1.

Equation (T1.1) restates (20) and (T1.2) is the final goods market clearing con-
dition for a closed economy. Equations (T1.3)—(T1.6) are obtained from, respec-
tively, (23), (22), (25) and (21) by using the felicity function (18) and noting (14).
Equations (T1.7)-(T1.8) are obtained by aggregating (8)—(9) over all firms in the
intermediate sector (using the definition of ¥;') and by expressing the result in real
terms. Equation (T1.9) is obtained from (15) by using the definition of the nomi-
nal stochastic discount factor from (14). Finally, equation (T1.12) just restates
(16).

The remaining equations in Table 1 deal with the loose ends mentioned above.
Since primary factors are used in the intermediate goods sector only, the equilib-
rium conditions in the rental markets for labour are given by:
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150 B. J. Heijdra, C. G. F. van der Kwaak

1
L= / L ()di, (28)
0

1
K, = / K, (i)di, (29)
0

where L, is total employment and K, is the capital stock. It turns out to be convenient
to define an alternative output measure which can be tied directly to the aggregate
factor supplies. The alternative output index is defined as:

1
Ye = / Y (di = K*[Z,(L, - D))" ™. (30)
0

Note that the expression in (30) differs from the true aggregate production func-
tion (1) in that it treats any two inputs Y,(i) and Y,(j) as if they are perfect substitutes
whereas (1) says that they are not. But by defining the alternative price index:

1 -1/0
P = [ / P,(i)‘edi] , (31)
0

we nevertheless find that ¥, and Y;' are related to each other according to the follow-

ing expression:

Pe\°?
Y, = <—’> Yo (32)
t P[ t

Note that (30) and (32) have been restated in (T1.13) and (T1.15) respectively. The
recursive relationship for P{ in (T1.14) is obtained by repeating the steps leading to
(16) above.

The nominal government budget identity is given by:

Bt+1 + Mt+1 = (1 + Rt—l)Bt +M,+P(G,—T). (33)

Together with an assumption regarding the money supply and a government sol-
vency condition the macroeconomic equilibrium is determined. We implicitly
assume that the lump-sum tax ensures government solvency. Since the model fea-
tures Ricardian equivalence the timing of taxation does not matter.

3 Investigating the New Keynesian Model

The New Keynesian DSGE model developed in the previous section is seen by
many as the natural successor to the IS-LM-AS model that was used widely in the
postwar period. In the wake of the rational expectations revolution that started in the
nineteen-seventies the latter model was severely criticized for its lack of consistent
microeconomic foundations. Even though the IS-LM-AS model is still widely used
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in undergraduate textbooks on macroeconomics, its use in research applications has
come to a virtual standstill.

Economists working in the New Keynesian tradition have presumably been will-
ing to jettison their once most-preferred workhorse model because they take the
New Keynesian DSGE model to be an eminently suitable replacement. On the one
hand the model has strong and consistent microeconomic foundations, and on the
other hand it seems quite robust and flexible in its usage. But does the New Keynes-
ian model always deliver sensible and empirically plausible predictions? The stand-
ard New Keynesian DSGE model has been demonstrated to do so for productivity
shocks, monetary shocks, and taste shocks when monetary policy is implemented
via an interest rate rule (the so-called Taylor rule). See, for example, the exposition
in Gali (2015, ch. 3). In this section, we deviate from such interest rate rules, and
close our New Keynesian model with endogenous capital accumulation via a mon-
etary policy that features a constant nominal money supply.

In order to investigate the (im)plausibility of the New Keynesian approach we
focus on the impulse-response functions associated with temporary productivity
shocks.* Such shocks have been studied extensively in the early literature on Real
Business Cycles (RBC). Since the New Keynesian model shares a lot of features
with standard RBC models a comparison between the two is our point of departure.
In the remainder of this section we proceed as follows. In Subsect. 3.1 we investi-
gate the effects of a productivity shock in the benchmark New Keynesian DSGE
model featuring a Taylor Rule (NK-TR hereafter). Next, in Subsect. 3.2 we discuss
the standard New Classical model featuring perfectly flexible prices and a Taylor
Rule (NC-TR). Finally, in Subsect. 3.3 we study the effects of the technology shock
in the alternative New Keynesian DSGE featuring a fixed nominal money supply
(NK-FMS hereafter) and an endogenous nominal interest rate and compare it with
its New Classical counterpart (NC-FMS). In doing so we discover some highly
implausible features of the sticky-price model.

3.1 The Benchmark Sticky-Price Model: NK-TR

In terms of the model listing stated in Table 1, the benchmark sticky-price model
consists of equations (T1.1)—(T1.16) plus a countercyclical and inflation fight-
ing policy rule for the nominal interest rate. In the absence of real economic
growth and with zero steady-state inflation, such a Taylor Rule takes the form as
given in equation (T1.17a), where Y* is the deterministic steady-state output level,
m, = (P, — P,_,)/P,_, is the inflation rate, and ¢, and ¢, are positive parameters. Of
course, with the rule for the nominal interest rate as given in equation (T1.17a) in
operation, the end-of-period nominal money supply, M, , becomes an endogenous
variable.

The benchmark sticky-price model (labeled NK-TR) constitutes a high-dimen-
sional and nonlinear system of expectational difference equations and contains a

4 We refer the reader to SM (Sect. A.4) for a discussion of government spending and nominal money
supply shocks.
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number of predetermined (‘non-jumping’) variables and some non-predetermined
(‘jumping’) variables.” We analyze the numerical effects of a productivity shock by
focusing on the impulse-response functions for the different variables. In particular,
we assume that at shock-time ¢ = O the system is in the deterministic steady state and
we compute the effects at impact and over time of a single positive innovation term
in the technology process, i.e. we set 7y > 0 and 7 = 0 for r = 1,2, ... The implied

perturbation in the technology index is thus given by Z, = gingfort = 1,2, ...

The perfect foresight solution of the technology shock is computed with the aid
of Dynare using the parameter values reported in Table 3.° Details of the parameter-
ization approach are found in SM (Sect A.2). In essence we assume that government
consumption is constant (G, = G) and parameterize the benchmark model in such a
way that the following targets are met for the deterministic steady state:

2 M* 2 . __dln(MtH/Pr)

G
yi=1, L'=1, S_-2 =2, P=1, = = 0.08.
Y R dR,

1
3 100 Py 107
Output and the equilibrium price level are both normalized to unity, employment
is one-third of the available time endowment, and the government spending share
of output is twenty percent. Finally we set the ratio of the money supply to nominal
quarterly GDP equal to twenty percent. For the Netherlands in the Fall of 2020 we
find that M* ~ 74 € 10° and P'Y" ~ 238 € 10° yielding a slightly higher fraction
of 0.31. Finally, we target the (local) interest semi-elasticity of the demand for real
money balances to equal 0.08 in absolute value. This value is in the range of esti-
mates reported by Ball (2012). The calibration parameters are Q,, #, €, and €,,. The
resulting deterministic steady-state equilibrium is reported in Table 4.

The impulse-response function associated with the temporary technology shock
are depicted with solid dots (¢) in Fig. 1, whilst the impact effects (for period
t = 0) on all variables are reported in column (a) of Table 5. We use the follow-
ing notational conventions. For all variables except the nominal interest rate R, and
inflation z, we use proportional rates of change, i.e. X, = (x, — x*)/x*, where x* is
the deterministic steady-state value of x,. For the remaining variables we define
R =R, —p)/0+p),7=,—p)/(1+p),andz, =P, - P,_,.

As can be observed in Table 5, a one percent increase in the technology indi-
cator (Z, = 1) results in immediate upward jumps in output and investment equal-
ing, respectively, ¥, = 0.65 and I, = 2.57 percent. Intuitively, households react to
the temporary increase in wages by consuming more (C, = 0.41) and by saving-
investing more. There is a slight decline in employment of L, = 0.07 percent at
impact because the income effect dominates the substitution effect in labour supply.
In Fig. 1 the impulse-response functions for the benchmark sticky-price model are

5 In fact, after linearizing the system around the deterministic steady state, one obtains a five-dimen-
sional system in which consumption, output, and inflation are jumping variables whilst the capital stock,
the price level, and the technology indicator are the predetermined variables.

% Alternatively one can use Dynare to run stochastic simulations in order to compute the impulse-
response functions. By tracing the effect of a single innovation to technology (as we do in this paper) it is
easier to glean the economic intuition behind the different effects over time.
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Fig. 1 Transitory productivity shock under a Taylor Rule: sticky () versus flexible (o) prices

depicted with solid dots. Panel (a) depicts the time path of the technology indicator
following the shock (the “impulse”) whilst panels (b)—(1) illustrate the resulting time
paths for the endogenous variables in the model (the “responses’). Output is boosted
at impact and subsequently converges back to its original level (panel (b)). Both the
capital stock and consumption display hump-shaped responses (see panels (d)—(e)).
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Fig. 1 (continued)

Several other things are worth noting. First, since the benchmark model features a
Taylor rule, there is a huge decrease at impact in the nominal interest rate (panel (k))
which prompts a substantial increase in the real money supply (panel (1)). Second,
the temporary technology shock induces a process of price deflation leading to a
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Table 2 New classical DSGE

models K, =1 +(1-6K,_, T2.1

Y,=C,+1,+G T2.2

1=|El[ﬂ <i)l/ai:| T2.3

I+p \ Ciyy

. e T2.4
1=[E,[H'+' F(L) ]

+p  \Cy

Y= () 125
gLf =w,C'° T2.6
w=(1- )% 7 T2.7
= at o 238
v =K, [Qoez’(L; - 1:)] o T2.9
Z, =7, +7f T2.10
=g lfa g il g >0 >0 T2.11a
M, =M T2.11b

Definitions: Y, is output, C, is private consumption, L, is employ-
ment, K, is the capital stock at the end of period 7, w, = W, /P, is
the real wage rate, ’;K = RIK /P, is the real rental rate on capital, P,
is the price level, R, is the rate of interest on risk-free bonds, and 7,
is gross investment. The exogenous variables are government con-
sumption G, and the innovation to technology ﬂ,Z~ Under the Taylor
Rule (in equation (T2.11a)) R, is the policy variable M,,, is endog-
enous. With a Fixed Money Supply (in equation (T2.11b)) M,,, = M
is constant and R, is endogenous.The structural parameters are o, 7,
K, €, €4y 5 0,0, L, Q. &, and a.

large long-run drop in the price level, i.e. the model with a Taylor rule features hys-
teresis in the price level (panel (i)).

3.2 The Flexible-Price Model: NC-TR

Before turning to our alternative sticky-price model we first compare and contrast
the benchmark New Keynesian model of Subsect. 3.1 with a purely New Classical
one featuring perfectly flexible prices and a Taylor Rule. Details of the latter model
are reported in SM (Sect. A.3.4). All intermediate firms practice “static” marginal
cost pricing at all times, i.e. P, = [0/(6 — 1)]MC,, so that real marginal cost is con-
stant in the flexible-price model:

me, = 2= (34)

The New Classical model (labeled NC-TR) is listed in Table 2 and in this subsec-
tion equation (T2.11a) is used and (T2.11b) is ignored. As the comparison between
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Table 3 Structural parameters

Fixed parameters

c intertemporal substitution elasticity for consumption 1.0000
K elasticity of the marginal felicity function for labour supply 1.0000
Pu annual rate of time preference 0.0500
a efficiency parameter for capital 0.2500
64 annual capital depreciation rate 0.1000
0 substitution elasticity between input varieties 9.0000
& share of overhead labour in the workforce 0.1000
¢ probability of a firm getting a red light 0.7500
& persistence parameter of the AR(1) process for the technology 0.9500
b, inflation coefficient in the Taylor Rule 1.5000
o8 output gap coefficient in the Taylor Rule 0.5000
Calibrated and implied parameters

Q0 constant in the production function c 1.8545
n intertemporal substitution elasticity for real money balances c 0.4536
g felicity weight for labour supply c 10.2716
€ felicity weight for real money balances c 5.3764 10
L overhead labour i 0.0333
p quarterly rate of time preference i 0.0123
1) quarterly capital depreciation rate i 0.0260

The parameters labeled ‘c’ are calibrated whilst the ones labeled ‘i’ are implied by the fixed parameters,
ie. L=¢Lr6=1-(1-6)" andp=(1+p)/* -1

Tables 1 and 2 reveals, the flexible-price model is structurally much simpler than the
sticky-price model.

Table 5(e) reports the impact effects of the technology shock for the NC-TR
model. A one percent increase in the technology indicator results in increases in
output, employment, and investment equaling, respectively, 0.93, 0.22, and 4.16
percent. In Fig. 1 the impulse-response functions for the New Keynesian and New
Classical models are depicted using, respectively, solid dots (¢) and open dots (o).
Interestingly, the impulse-response functions for output, the capital stock, consump-
tion, and investment are very similar for the two models (see panels (b) and (d)—(f)).
With perfect price flexibility there is a higher rate of price deflation during transi-
tion resulting in a larger long-run effect on the price level (panel (i)). Furthermore,
during transition there is a lower nominal interest rate (panel (k)), and a higher real
money stock (panel (1)) than in the sticky-price model.

3.3 The Alternative Sticky-Price Model: NK-FMS

With a Taylor Rule for nominal interest rates in place, the impulse-response func-
tions for a temporary technology shock are qualitatively very similar for the New
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Table 4 Deterministic steady-state equilibrium in the benchmark model

Y* aggregate output 1.0000
ye alternative output measure 1.0000
K* capital stock 5.8069
L* employment 0.3333
c* consumption 0.6490
I investment 0.1510
G government consumption” 0.2000
M* nominal money supply 0.2000
w* real wage rate 2.2222
K rental rate on capital 3.8269 1072
R* nominal interest rate? 1.2272 1072
mc* real marginal cost 0.8888
P* price level 1.0000
P alternative price level 1.0000
pr* new price of green-light firm 1.0000
zN* numerator of the pricing formula (T1.9) 5.2859
=bx denominator of the pricing formula (T1.9) 5.9467

(a) Government consumption is exogenous; (b) the annual interest rate is five percent

Keynesian and New Classical models. In this subsection we investigate whether
this similarity result also holds for an alternative monetary policy rule, namely
when the central bank maintains a constant nominal money supply instead of
using the nominal interest rate as an instrument.

As we document in the remainder of this subsection, it turns out that the New
Keynesian sticky-price model gives rise to implausible impact effects for a num-
ber of variables when the Taylor Rule is replaced by a passive money supply rule,
i.e. if equation (T1.17a) in Table 1 is replaced by equation (T1.17b). As is evident
Table 5(b), the alternative model (which we label NK-FMS from here on) yields
implausible impact results for output, investment, employment, factor prices,
and real marginal cost. Indeed, a one percent increase in Z, causes output to
decline by 0.18 percent whilst causing declines in investment and employment of,
respectively, of 2.83 and 1.10 percent. So households get wealthier and respond
at impact by consuming more (which is plausible) and by saving-investing less
(which is highly implausible in view of the intertemporal smoothing motive of
individuals).

That these results are highly implausible is further exemplified by the impulse-
response functions in Fig. 2. In that figure the impulse-response functions for NK-
FMS and the flexible-price model with a fixed money supply (labeled NC-FMS) are
depicted using, respectively, solid dots (¢) and open dots (o). Indeed, from period
t = 1 onward, output, employment, investment, factor prices and real marginal cost
respond to the technology shock in a very similar fashion in the NK-FMS and NC-
FMS models (Table 6).
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Table 5 Impact effects of a persistent productivity shock: standard cases

New Keynesian New Classical

Variable: (a) (b (© (d) ©) ®

¥, 0.6501 -0.1838 0.2993 0.3605 0.9325 0.9325
v, -7, —0.0400 1.0245 0.1049 0.1288 -0.0367 -0.0367
G, 0.4051 0.3740 0.3741 0.4506 0.4684 0.4684
I, 2.5650 -2.8259 4.1632 4.1632
I, -1, -0.3010 6.6455 -0.3750 -0.3750
L, -0.0678 -1.1037 -0.5273 -0.5617 0.2185 0.2185
L, -1, 0.0079 1.2842 0.1700 0.1603 -0.0314 -0.0314
P, -0.5745 -0.1919 -0.2271 -0.2634 -0.8211 -0.2672
138 -0.5791 -0.1925 -0.2279 -0.2644

i’g -2.1373 —0.7486 -0.8819 -1.0179

W 0.3370 -0.7338 -0.1552 -0.1137 0.6880 0.6880
75 0.0100 -0.0747 -0.0283 0.0357 0.0357
R, -0.5432 —-0.0006 -0.0016 -0.0016 -0.7748 -0.0015
mc, -0.4278 -1.7753 —-1.0430 -1.1027 0.0000 0.0000
mc, — mc, 0.0389 1.7212 0.3827 0.3676 0.0000 0.0000
13(’)( 0.0000 0.0000 0.3235 0.0000 0.0000
M, 24.4202 0.0000 0.0000 0.0000 47.2646 0.0000

X is the relative change in variable x at impact. Columns (a)-(d): New Keynesian models. Columns (e)—
(f): New Classical models with endogenous capital accumulation. Column (a) NK-TR, benchmark model
with endogenous capital accumulation and a Taylor Rule for the nominal interest rate featuring ¢, = 1.5
and ¢, = 0.5. Column (b): NK-FMS, alternative model with endogenous capital accumulation and a con-
stant money supply. Column (c): NK-FMSy;, alternative model with a fixed capital stock. Column (d):
NK-FMS,,, alternative model without capital. Column (e): NC-TR, New Classical model with a Taylor
Rule. Column (f): NC-FMS, New Classical model with a fixed money supply

The effects occurring in periods t = 0 and ¢ = 1 in the NK-FMS model can be
further explained intuitively with the aid of Fig. 3(a)—(b).” These figures make use
of the linearized demand and supply of labour and the demand for capital units (see
Table 7):

[w - %Ct], (35)

L=0=-8[me,+7,-w], (36)

7 In discussing the effects on factor demands and supplies we make use of the information contained in
the impulse-response functions for output, real marginal cost, consumption, and investment.
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Fig.2 (continued)
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In panel (a) the spot market for labour is illustrated. The solid lines depict the
steady-state demand (D) and supply (S) curves. At impact, in period t = 0, the
labour supply shifts to the left, to Sy, as a result of the increase in consumption
(C’O > 0). At the same time, the labour demand curve also shifts to the left to D,
because mc, + ¥, < 0. It follows that the equilibrium shifts from point e to point e,
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New-Keynesian model: Fixed money supply (NK-FMS)

(a) labour market (b) capital rental market

NK-FMS;; model: Fixed production factor

(¢) labour market (d) capital rental market

=

D
0 L 0 K

New Classical model: Fixed money supply (NC-FMS)

(e) labour market (f) capital rental market

=
~

Fig. 3 Factor markets after a productivity shock

and the wage rate and employment both fall. In panel (b) the rental market for units
of existing capital is drawn. In this market rX = r + § is determined and we plot
the real interest rate perturbation on the vertical axis. Again the solid lines depict
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Table 6 Impact effects on output, investment, and marginal cost under alternative parameter settings

Panel (A) (a) (b) ©) (@)

Intertemporal substitution elasticity (o) and degree of price flexibility (¢)

c=05 =10 c=15 =20
=025 ¥, 0.6828 0.8685 0.9787 1.0510
A 3.0659 3.7626 4.3209 4.8009
me, —0.1665 -0.1010 -0.0620 —0.0364
¢ =0.50 ¥, 0.3641 0.6680 0.8521 0.9744
I, 1.0301 2.5076 3.5380 4.3287
me, —0.6792 -0.4197 -0.2614 —-0.1560
£=10.75 ¥, —0.8773 —0.1838 0.2716 0.5918
A —6.8992 —2.8259 -0.0581 1.9628
me, —2.6825 -1.7753 -1.1763 —0.7538
¢ =095 ¥, —-3.9289 -3.2116 -2.6344 —2.1540
I, -26.3710 —21.8749 -18.2508 -15.2303
me, —7.5549 -6.5193 -5.6814 —4.9811
Panel (B) Labour supply elasticity (1/x) and degree of price flexibility (¢)
k=025 Kk = 0.50 kK =2.00 kK =4.00
=025 ¥, 0.9752 0.9237 0.8219 0.7897
I, 4.3373 4.0613 3.5076 3.3295
me, —0.1108 -0.1061 -0.0966 —0.0934
¢ =0.50 ¥, 0.5233 0.6042 0.7071 0.7275
I, 1.4999 2.0588 2.7894 2.9391
mec, -0.4291 -0.4260 -0.4123 —0.4062
¢=0.75 ¥, —0.8693 —0.5458 0.1445 0.3905
A -7.2317 —5.1462 —-0.7344 0.8222
me, -1.4167 —-1.5809 -1.9632 —2.1120
¢ =095 ¥, -3.1392 —-3.1842 -3.1529 -2.9193
I, —21.2980 -21.6319 —21.5863 —20.1502
mc, -3.0704 —4.2383 -10.7285 -17.7039
Panel (C): Gross monopoly markup (x = 0/(6 — 1)) and degree of price flexibility
©
u=1.05 u=120 u=135 u =150
¢=025 ¥, 0.8820 0.8563 0.8347 0.8162
I, 3.6838 3.8336 3.9537 4.0493
me, —-0.0935 —-0.1066 -0.1160 —-0.1239
¢ =0.50 ¥, 0.6959 0.6458 0.6084 0.5773
A 2.5935 2.4335 22719 2.0898
me, —0.3857 —0.4427 -0.4797 —0.5098
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Table 6 (continued)

Panel (C): Gross monopoly markup (u = 0/(6 — 1)) and degree of price flexibility
©
u =105 u=120 u=135 pn =150
¢=0.75 ¥, —0.0938 -0.2373 -0.3144 -0.3701
A —2.0354 —3.4435 —4.5883 —5.6816
me, -1.6361 -1.8524 -1.9604 —2.0371
¢ =095 ¥, -3.2384 -3.1410 —2.9861 —2.8346
Iy —20.5824 —22.8404 —24.4789 —25.8739
mc, —6.5539 —6.4163 —-6.1887 —5.9654
Panel (D): Interest semi-elasticity of money demand (e,,) and degree of price flex-
ibility ()
er = 0.04 eyr = 0.06 er =0.10 er = 0.15
=025 ¥, 0.9128 0.8883 0.8527 0.8250
I, 4.0396 3.8864 3.6638 3.4906
me, —-0.0313 -0.0700 -0.1256 —0.1685
¢ =0.50 ¥, 0.8483 0.7478 0.6050 0.4960
A 3.6352 3.0065 2.1142 1.4329
me, —0.1341 —-0.2937 -0.5187 —0.6892
¢=0.75 ¥, 0.5263 0.1209 -0.4166 —-0.8075
I, 1.6148 -0.9204 —4.2808 —6.7236
me, —0.6477 -1.2925 —2.1428 —2.7578
¢ =095 ¥, -1.9250 —2.7079 -3.5668 —4.1266
I, —-13.8104 -18.7180 —24.1013 —27.6095
me, —4.5131 -5.7363 -7.0696 —7.9338

Panels (A)—(D): ¢ is the quarterly probability of a firm receiving a red light. The lower is ¢ the more
flexible is the macroeconomic price level. Panel (A): o is the intertemporal substitution elasticity for
consumption. Panel (B): k! is the Frisch elasticity of labour supply. Panel (C): /(6 — 1) is the gross
monopoly markup. Panel (D): €, is the (absolute value of) the interest semi-elasticity of money demand

the steady-state demand (D) and supply (S) curves. At time ¢ = 0, the capital stock
is predetermined so that the supply curve at that time, S, coincides with the ini-
tial supply curve. The demand for capital units falls, again because inc, + ¥, < 0,
and the demand curve shifts to D,,. The equilibrium shifts from point e to point e
directly below it. The rental rate on capital and thus the real interest rate falls.

The simultaneous drop in both factor prices in period ¢ = 0 explains why there is
such a huge decrease in real marginal cost at that time, i.e. mc, = —1.7753. Indeed,
by linearizing equation (7) around the deterministic steady state we find the follow-
ing expression for the perturbation in real marginal cost:

— (I+p). -5
mc, = (X'DT;V,‘F(I - a)[wt _Zt]’ (38)
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where we have used the fact that 7% = ("X — (p + 6))/(p + 6) = [(1 + p)/(p + &)]F,.
At impact we find that all variables on the right-hand side of (38) cause real mar-
ginal cost to fall, i.e. 7, < 0, W, < 0, and —Z, < 0.

Next we consider what happens in period ¢ = 1. In panel (a) of Fig. 3 the sup-
ply curve shift further to the left, say to S,, because consumption increases further
(C, > Cy ). At the same time the demand for labour experiences a ‘miraculous’
recovery, and the demand curve shifts to the right to D, (because mc; + ¥, > 0). It
follows that in period ¢ = 1, the spot market equilibrium shifts from point e to e;.
Both employment and the wage rate are higher than their steady-state values, i.e.
W, > 0and L, > 0. In panel (b) the effects in period ¢ = 1 consist of a rightward shift
in demand, from D, to D, (because mc, + ¥; > 0), and a leftward shift in supply,
from S, to S, (because investment in the impact period was negative, I, < 0). The
equilibrium shifts from point e, to point e,. The capital stock in period ¢ = 1 is less
than its steady-state value but the real interest rate exceeds its steady-state value, i.e.
7, > 0. Together with the increase in the wage rate this helps explain why the drop in
real marginal cost is almost entirely eliminated in period ¢ = 1, i.e. m¢c; = —0.0541.

What would happen in a flexible-price model? The answer is furnished by the
New Classical model with a fixed money supply (NC-FMS) as listed in Table 2. To
compare it to the NK-FMS model, the Taylor Rule, given in equation (T2.11a), is
replaced by the fixed money supply assumption stated in (T2.11b). As is confirmed
in column (f) of Table 5, the NC-FMS model does not feature the implausible
impact results. Indeed, a one percent increase in the technology indicator results in
immediate increases in output, investment, and employment equalling, respectively,
0.93, 4.16, and 0.22 percent.®

The effects occurring in periods t = 0 and ¢# = 1 on factor markets can be further
explained with the aid of Fig. 3(e)—(f). Since real marginal cost is constant under
flexible prices (see (34) above), the expressions stated in (36)—(37) can be simplified
by imposing mc¢, = 0 to obtain:

L=0-9[f,-w] (39)
5 6+prs -
7, = m[Y, -K_| (40)

In panel (e) the situation on the spot market for labour is illustrated. In period ¢ = 0,
the supply curve (35) shifts to the left to S, because consumption increases (C, > 0),
whilst the demand curve (39) shifts to the right, to D, because output has increased
( f’o > 0) and the capital stock is predetermined (I~<l_l = 0). It follows that the equi-
librium in the labour market shifts from point e to point e, i.e. the wage rate and
employment both rise. In panel (f) the rental market for units of existing capital is
drawn. At time ¢ = 0, the capital stock is predetermined so that S, coincides with

8 Of course the New Classical model features monetary neutrality so that columns (e) and (f) in Table 5
are the same for all real variables. Only nominal variables like P, R, and M, differ between the two ver-
sions of the New Classical model.
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the initial supply curve S. The demand for capital units increases (because ¥, > 0)
and the demand curve shifts to D,,. The equilibrium shifts from point e to point e
directly above it. The rental rate on capital and thus the real interest rate increases.
In the flexible-price model real marginal cost is constant and the increase in produc-
tivity, Z, > 0, is accompanied by a rise in both factor prices, i.e. W, > 0 and 7, > 0.

In period ¢ = 1 the supply of labour shifts to the left, to S;, because C; > C,, and
the demand for labour shifts to the left, to D,, because )71 < )N’O. The equilibrium
shifts from point e, to e, in Fig. 3(e). Employment and the wage rate both fall. In
Fig. 3(f) the supply curve of units of capital shifts to the right, to S,, because I, > 0.
The demand curve shifts to the left, to D;, because 0 < ¥; < ¥,,. The equilibrium
shifts from e to e; and the real interest rate falls somewhat (0 < 7, < ).

3.4 The Implausible Result
3.4.1 Statement of the Problem

In the previous subsection we have identified and intuitively explained an implau-
sible implication of the New Keynesian sticky-price model with a fixed nominal
money supply. In order to streamline the discussion we define the implausible result
as follows.

Definition 1 (Implausible Result) In the New Keynesian DSGE model with a con-
stant nominal money supply and endogenous capital accumulation (NK-FMS), a
temporary technology shock results in implausible effects in that: (i) output, employ-
ment, and investment fall at impact, (ii) the wage rate and the rental rate on units
of capital both drop at impact, (iii) there is a large reduction in real marginal cost
at impact,(iv) output, employment, investment, the wage rate, and the rental rate
all increase whilst the drop in real marginal cost is virtually eliminated one period
after the shock, (v) the capital stock declines one period after the shock but more
than recovers immediately thereafter.

In the remainder of this subsection we investigate the parametric and theoretical
robustness of the Implausible Result.

3.4.2 Parametric Robustness

It might be argued that the Implausible Result is merely an artifact of the particu-
lar set of structural parameters that was chosen in the parameterization. As it turns
out, however, the result is quite robust. In Table 6 we present a number of pairwise
comparisons featuring different combinations of structural parameters. In panel (A)
we report the impact effects on output, investment, and real marginal cost for differ-
ent ({, o) combinations. The benchmark NK-FMS model features (£, ) = (0.75, 1),
along the row different values of ¢ are considered, and along the column the ¢
parameter is varied. For a given value of o, the Implausible Result disappears for
output and investment and becomes less extreme for marginal cost provided prices
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are sufficiently flexible, i.e. the lower is the probability of a red light, {. Similarly,
holding constant ¢, the Implausible Result becomes less pronounced provided the
intertemporal substitution mechanism in consumption is sufficiently strong, i.e. the
higher is o.

In Table 6(B) we report the impact effects for different ({, k) combinations. Recall
that the benchmark NK-FMS model features (£, k) = (0.75, 1). Just as in panel (A),
within any column the Implausible Result disappears for output and investment and
becomes less extreme for marginal cost for sufficiently flexible prices. Similarly,
holding constant {, the Implausible Result disappears for output and invstment but
becomes more pronounced for marginal cost provided the Frisch elasticity of labour
supply is sufficiently low, i.e. the higher is .

In Table 6(C) we report the impact effects for different (£,60/(6 — 1)) combina-
tions, where we recall that 6/(0 — 1) represents the gross monopoly markup. The
benchmark NK-FMS model features (,0/(6 — 1)) = (0.75,9/8). With regard to
price flexibility a similar pattern is obtained as in panels (A)—(B). Interestingly,
holding constant {, the Implausible Result is not essentially affected by the size of
the monopoly markup.

Finally, in Table 6(D) we report the impact effects for different (¢, €,) combi-
nations, where €,,, represents the (absolute value of) the interest semi-elasticity of
money demand. The benchmark NK-FMS model features (¢, €,) = (0.75, 0.08).
For the parameter of price flexibility we fid the same pattern as in panels (A)—(C).
Furthermore, holding constant {, the Implausible Result disappears for output and
investment and becomes less extreme for marginal cost the less elastic is money
demand, i.e. the smaller is €.

3.4.3 Theoretical Robustness

Loosely put the New Keynesian model presented here has two ‘parents.” On the
one hand it contains the Old Keynesian idea of price stickiness which is captured
with the Calvo friction, and on the other hand it embraces the New Classical notion
of clearing markets, perfect wage flexibility, endogenous labour supply and capital
accumulation and rational expectations. So the question arises whether the Implau-
sible Result arises because of one of the model’s parents. Indeed, is it the Keynesian
or the Classical component that is causing the Implausible Result? Of all the models
considered up to this point, NK-TR, NC-TR, NC-FMS do not feature the Implausible
Result whilst NK-FMS does. So there is a strong suspicion that the Keynesian com-
ponent is ‘somehow’ causing the problems.

The capital accumulation mechanism As a first case we compare the NK-FMS
model with a special case of this model in which there is a fixed stock of a non-
depreciating production input (say capital or land). We refer to the latter model as
NK-FMS; and provide details on it in SM (Sect. A.3.1). The representative agent
can buy or sell units of land. The household’s periodic budget identity (19) is
changed to:
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P.C,+PX(K =K )+ My + By + ) O3S

777+l
41)

=W,L, +R‘K, + (1+R,_,)B, + ) X!S: + M, - P,T,,
5s=0

where Pf is the price of land at time z. Equation (22) is changed to:

1=E ML( G >1/6 (42)
' PF I+p\Cpyy ,

where pf‘ = Pf /P, is the real price of land. Furthermore, investment is zero, I, = 0,
and the total stock of land is constant, K, = K.

In Fig. 4 the impulse-response function for the two models are depicted, with
solid dots for the NK-FMS model and open dots for the NK-FMS, model (featuring
a fixed factor). As is confirmed in column (c) of Table 5, the NK- FMSff model does
not feature the Implausible Result. Indeed, a one percent increase in the technology
indicator results in an increase in output of 0.30 percent and a decrease in employ-
ment of 0.53 percent.

The effects occurring in periods # = 0 and ¢ = 1 are visualized in Fig. 3(c)—(d).
Consider panel (c) first. In period ¢ = 0, labour supply shifts to the left, from S to S,
because consumption increases (C‘O > 0). Labour demand shifts to the left, from D
to Dy, because ¢, + ¥, < 0 (just as in the NK-FMS model). It follows that the equi-
librium shifts from point e to point e ; so the wage rate and employment both fall at
impact. In panel (d) the rental market for units of existing land is drawn. The stock
of land is fixed and supplied inelastically on the rental market—see the supply curve
S. The demand for land units falls (because mc, + ¥, < 0) and the demand curve
shifts to D,,. The equilibrium shifts from point e to point e, directly below it. The
rental rate on land decreases. In view of the fact that W, < 0, 7, < 0, and —=Z, < 0
we find that real marginal cost falls substantially, i.e. mc, = —1.0430 in Table 5(c).

In period ¢ =1 the supply of labour shifts further to the left, to S,, because
C, > Cy, but the demand for labour shifts to the right, to D, because
mc, + Y, < mc, + ¥, < 0. The equilibrium shifts from point e, to e, in Fig. 3(c). Both
employment and the wage rate increase. In Fig. 3(d) the demand curve for units of
land shifts to the right, say from D, to D,, again because mc, + ¥, < mc, + ¥; < 0.
The equilibrium shifts from e, to €; and the land rental rate increases (7, < 7, < 0).

Glancing at the impulse response function for the NK-FMS; model in Fig. 4 we
note that the highly implausible response functions for output and employment of
the NK-FMS model are replaced by much more plausible counterparts, i.e. there is
a hump-shaped response in output and a monotonic recovery of employment follow-
ing the technology shock in the NK-FMS; model.

The verdict: Too much rigidity in the NK-FMS model The upshot of the dis-
cussion thus far is that the Implausible Result cannot be contributed solely to one of
the three major mechanisms at work in New Keynesian models, namely (a) nominal
price stickiness, (b) the form of monetary closure that is adopted, and (c) endogenous
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Fig.4 The sticky-price model: with () and without (o) variable capital

capital accumulation. But this means that the only remaining potential ‘culprit’
causing the Implausible Result in the NK-FMS model is the combination of sticky
prices, endogenous capital accumulation, and a constant money supply (or inactive
money supply rule). Monetary non-neutrality is the key feature distinguishing the
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Fig.4 (continued)

post-shock time ¢

post-shock time ¢

New Keynesian model from its Classical flexible-price counterpart. And this implies
that the monetary model closure affects the real equilibrium attained in the econ-
omy. Intuitively, with a sufficiently high degree of price stickiness and a constant
nominal money supply, the real money supply is more of less fixed at impact and it
is this real rigidity which, in combination with a predetermined capital stock, causes
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Table 7 The linearized New

Keynesian DSGE models K, =6l +(1- 8K, T7.1
Y, = w*CC, + wﬂ, + a)EG, T7.2
C,=EC,, —o[R, —E,x,,] T7.3
C,=EC,, - oL, T7.4
M, P ="1C, ~ %ie, T7.5
kL, =W, - 1C, T7.6
L =(-¢&[me, +7,—w,) T7.7
Fo= 2 lme, + ¥, - K, T7.8
7, = %ﬂm"ér + #ﬂ[E,zrm T7.9
P,=P,_, +nx, T7.10
¥, =ak,_, +(1 —a)[Z,+ ;_fz,] T7.11
Z,=¢Z_,+7 T7.12
R=¢,m+¢7, T7.13a
M, =0 T7.13b

The real interest rate is defined as r, =K — 5. For all vari-
ables except r, R, and = we use proportional rates of change,
ie. X, =(x,—x*)/x*, where x* is the steady-state value of x,.

For the remaining variables we assume R, = (R, — p)/(+ p),
7, =@, —p)/(+p), and 7, = P, — P,_;. Equation (T7.9) features
the composite coefficient ¢ = (1 — ¢ + p)(1 = &) /¢

the Implausible Impact effects of technology shocks. We summarize these insights
in the following conjecture.

Conjecture 1 (Excessive Real Monetary Rigidity) The New Keynesian sticky-price
model with a constant nominal money supply and endogenous capital accumulation
(NK-FMS) features the Implausible Result provided nominal prices are sufficiently
sticky. This is caused by the resulting stickiness of the real money supply in combi-
nation with an endogenous capital stock which is predetermined at impact.

The conjecture can be motivated more extensively by revisiting the impulse-
response functions for the different models. First, we consider the New Keynesian
and New Classical models under a Taylor rule for which the Implausible Result does
not occur—see Fig. 1. In panel (1) of that figure we illustrate the impulse response
functions for the real money supply in the two models. Note that in both TR models
there are huge swings in the real money supply. Price stickiness does not matter here
because the policy maker controls the nominal interest rate and real money demand
is determined residually.

Second, we consider the New Keynesian and New Classical models under
a fixed money supply for which the Implausible Result does occur with sticky
prices—see Fig. 2. Panel (1) in that figure shows that in both FMS models there are
rather small fluctuations in the real money supply. For the New Classical model the
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‘straightjacket’ of a fixed nominal money supply has no effect on the real macro-
economic variables. In contrast, for the New Keynesian model the ‘near rigidity’ of
the real money supply does spill over into the real economy at impact. In particular,
agents wish to engineer a sharp reduction in the capital stock one period after the
shock and do so by reducing saving-investment dramatically (see, respectively, pan-
els (d) and (f)).

Third, we consider the New Keynesian model with an endogenous or constant
capital stock in Fig. 4.° In the latter case the Implausible Result does not occur
because the perverse pattern for the capital stock and investment is excluded a pri-
ori. Instead, the near fixity of the real money supply now shows up in the form of
a substantial fall in labour supply and employment at impact and during transition
(see panel (c)).

4 Possible Remedies and Blind Alleys

In this section we discuss a number of alternative models in the New Keynesian
tradition and investigate for each specification whether it features the Implausible
Result in the presence of a money demand function and a (passive or active) money
supply rule. For each alternative model we recalibrate the model in such a way that
it yields the same deterministic steady state as the NK-FMS model. Details of this
procedure are found in SM. For the sake of convenience the quantitative results for
the impact period have been collected in Table 8. For ease of comparison column (a)
in that table restates the results for the NK-FMS model.

4.1 Quadratic Price Adjustment Costs

As a first alternative model specification we consider the case for which the Calvo
(1977, 1983) pricing friction is replaced by the Rotemberg (1982) assumption fea-
turing symmetric firms facing quadratic price adjustment costs. We first sketch the
main theoretical changes implied by this alternative modeling assumption. Details
can be found in SM (Sect. A.3.3). See also Ascari and Rossi (2012) for a model
without capital.

In the absence of a Calvo friction each firm is free to re-optimize its current
and planned future prices. Indeed, at time ¢ firm i in the intermediate goods sector
chooses its price path P,, (i) in order to maximize the present value of its nominal
profits:

° The practice of excluding capital from the micro-founded model started much earlier than Gali’s book.
See for example Goodfriend and King (1997) and especially McCallum and Nelson (1999). See also
Woodford (2009).
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Table 8 Alternative model specifications

Variable:  (a) (b (©) (d) (e) ® ® () @

7, —0.1838 —0.2023 —2.8823 —0.8330 0.9567 0.2905 —0.8099 0.6231 —1.1154
7, -7, 1.0245 1.0451  3.6778 15722 —0.0390 0.1042 1.8138 0.1049 1.8687
C, 03740 03719  0.1435 03181 04693 03964 0.3834 04461 02734
1, —2.8259 —3.0500 —19.7108 —6.8857 4.3197 0.2198 —7.0138 2.2099 —8.5641
1, -1, 6.6455 6.8888 24.1596 10.2951 —0.3955 0.1209 11.9068 0.6271 12.2763
I -1.1037 —1.1314 —42991 —1.8659 0.2474 —0.5377 —1.5118 —0.1445 —2.1982
Ly - L, 12842 13117 45539 1.9633 —0.0354 0.1675 1.7748 0.1503 2.3272
P, —0.1919 —0.1902  0.0000 —0.2966 0.0126 —0.2274 —0.2044 —0.2551 —0.3212
B —0.1925 0.0000 —0.2978  0.0126 —0.2281 —0.2050 —0.2556 —0.3227
P —0.7486 —0.1807 —1.1414  0.0507 —0.8827 —0.7959 —0.5144 —1.2323
Wy —0.7338 —0.7637 —4.1617 —1.5538 0.7179 —0.1434 —1.1341 0.3009 —1.8119
K —0.0747 —0.0770 —0.3345 —0.1376 0.0381 —0.0283 —0.0645 0.0054 —0.1611
R, —0.0006 —0.0005  0.0018 —0.0155 0.0471 —0.0013 —0.0008 —0.0015 —0.0006
ic, —1.7753 —1.8125 —6.0313 —2.7962 0.0377 —1.0324 —2.0065 —0.4848 —3.1426
me, —me, 17212 17576 59666 2.6019 —0.0042 03794 1.9657 0.2301 3.0834
M, 0.4165 —1.2648

o 0.2809

ity -1.1275

P —0.7387

P -0.1309

Xy is the relative change in variable x at impact. Column (a) is the solution for the benchmark New
Keynesian model featuring endogenous capital accumulation and a constant money supply. Column (b):
Rotemberg pricing with y set according to y = £(0 — 1)(1 + p)/[(1 — &)(1 + p — ¢)]. Column (c): prede-
termined price level. The entry for P§ refers to the new price to be effective one period after the shock.
Column (d): Keynesian (countercyclical) money supply rule featuring y, = 0.5 and u, = 0. Column (e):
inflation fighting money supply rule featuring ¢, = 100 and p, = 0. Column (f): capital adjustment costs.
Column (g): endogenously chosen utilization rate of capital. Column (h): fraction 1 — y of firms featur-
ing perfectly flexible prices with the rest of the firms facing the Calvo friction (we set y = 0.8). The
entry for P refers to P’. Column (i): non-separable preferences with ¢ = 0.7and y = 0.8

Vz(i) = [Et ZM,HT [(Pz+r(i) - MCt+T) Yz+r(i) - Wt+TI:
=0

P, g
_£<I+—T()_l> PI+TYt+T]’
2\Ppye ()

(43)

where y is the price-adjustment cost parameter (such that y > 0) and ., is the
nominal stochastic discount factor defined in (14) above. After some manipulation
we find that the first-order condition for the optimal price at time ¢ can be written as:
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P P
0[1—mc,]=1—;(<P[ —1>P’
—1 t—1
- 44
+ X E <Cz >1/ <Pt+l_1>Yt+1Pt+1 )
1+p "|\C.yy P, Y, P,

The national income identity in the presence of price-adjustment cost is changed
from (T1.2) to:

2
_ = x( P
Y,_C,+I,+G+5 P -1)7%,. (45)

t—1

Since firms are symmetric they all choose the same price and set the same quantity
so there is no price- and quantity dispersion, i.e. P, (i) =P,,,, Y, () =Y, ., and
Yl =Y,

The augmented model consists of equations (T1.1), (45), (T1.3)—(TL1.5), (44),
(T1.6)—(T1.8), (T1.13), and (T1.16). The endogenous variables are Y,, L,, K,, C,,
I,Y, w, rf, P,, mc,, and Z,. The exogenous variables are 77, G, and M,,,. The
model features the same deterministic steady state as the NK-FMS model. In
order to make the dynamics of the linearized model observationally equivalent
(to a first order) with the dynamics of the linearized NK-FMS model we set the

adjustment cost parameter as follows (Ascari and Rossi, 2012, p. 1122):

v = co-bd+p 46)

A-O0+p-0

The simulation results for the Rotemberg-pricing model are reported in Table 8(b).
The quantitative results are rather similar to those of the NK-FMS model. Output,
investment, and employment fall at impact only to more than recover from the next
period onward. The huge impact drop in marginal cost is also virtually eliminated
immediately after the impact period. Replacing Calvo pricing by Rotemberg pric-
ing does not eliminate the Implausible Result from the new Keynesian model with a
constant money supply. This conclusion is in accordance with the conjecture stated
above.

4.2 Predetermined Price Level

As a second alternative model specification we consider the case featuring a pre-
determined price level. Indeed, in this subsection we assume that a firm which
gets a green light in period t sets its price to be charged from the next period
onward. There is thus an implementation lag of one period. We first briefly com-
ment on the model changes that occur as a result of this assumption.

Instead of (13), the objective of the green-light firm at time 7 is now given by:
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Vo) = [P, () - MC|] Y, <

P,(i -
+E [P(l) MCt+l]Yt+1 > = Wit L [N

PG\’ _ 47)
+ [Ez [Pt(i) - MCt+2] Yt+2 < (l)> - t+2L gj\/;,t+2 (

+E

~

N\ —0
[P (i) - MCt+3] 1+3 t(l)> _Wz+3l: Cz'/\[t,t+3

+ ...

Redoing the derivations (see SM, Sect. A.3.5) we find that (T1.10)—(T1.11) in
Table 1 in the paper are replaced by:

=N _ C —1/0' C =N

= = T[E Cz+1 t+1Yl+lmCt+l + m[E =10 (43)

=D _ ¢ —1/0 po-1 ¢ =D
=t T 1+p = Cz+1 Pt+1 Y+1 + 1+p[Et“‘z+1 49)

Similarly, (T1.12) and (T1.14) in Table 1 are replaced by:

- 1/(1-0)

P=a-o@) " +er ] (50)
- 17V

= [(1 —oP ) v 1)

Since both P} | and P,_, are predetermined at time 7, both P, and Py are also prede-
termined at that time. The rest of the model is unchanged.

The simulation results for the New Keynesian model with a predetermined price
level are reported in Table 8(c). The quantitative results are in the same direction but
are even more implausible than those of the NK-FMS model. Output, investment, and
employment fall dramatically at impact only to more than recover from the next period
onward (see the impulse-response functions in SM, Sect. A.3.5). The huge impact drop
in marginal cost is also virtually eliminated immediately after the impact period. Mak-
ing the price level more inflexible than in the NK-FMS model exacerbates the Implau-
sible Result yielded by the new Keynesian model with a constant money supply from
Sect. 3. Again this conclusion is in accordance with the conjecture stated above.

4.3 Money Supply Rule

As a third alternative model specification we consider the case featuring a money
supply rule. Indeed, in this subsection we assume that the monetary authority does
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not maintain a constant nominal money supply but instead allows it to react to mac-
roeconomic circumstances. In its most general form we postulate:

M- Y-

M _,Uy Y*

- U Ty (52)

where z, = (P, — P,_,)/P,_, is the current inflation rate, M is a constant, and #, and
U, are non-negative parameters. Equation (52) is added to the NK-FMS model and
the money supply becomes an endogenous variable. We consider two prototypical
subcases.

The first subcase assumes a countercyclical money supply rule (in the vein of
Tobin), i.e. we set p, >0 and p, = 0. If output falls short of (exceeds) its full-
employment level then the monetary authority attempts to boost (slow down) eco-
nomic activity by increasing (decreasing) the nominal money supply. The simulation
results for the New Keynesian model with a countercyclical money supply rule are
reported in Table 8(d). As in the case with a predetermined price level, the quantita-
tive results are in the same direction but are even more implausible than those of the
NK-FMS model. Output, investment, and employment fall dramatically at impact
only to more than recover from the next period onward (see the impulse-response
functions in SM, Sect. A.3.6). The huge impact drop in marginal cost is also virtu-
ally eliminated immediately after the impact period. Although rather Keynesian in
spirit, a countercyclical money supply rule does not remove the Implausible Result
from the new Keynesian model.

Matters are quite different for the second subcase in which the monetary author-
ity adopts an inflation fighting stance. We model such an inflation-fighting money
supply rule by setting p, =0 and u, > 100.1° If inflation is negative (positive)
then the monetary authority attempts to boost (slow down) economic activity by
increasing (decreasing) the nominal money supply. The simulation results for the
New Keynesian model with an inflation-fighting money supply rule are reported in
Table 8(e). Interestingly, despite the fact that prices are sticky the Implausible Result
does not appear under the inflation-fighting rule. Indeed, the impulse-response func-
tions for this model variant are quite similar to those for the Classical model with
perfectly flexible prices (see Tables 5(f) and 8(e) and SM, Sects. A.3.4 and A.3.6).
The inflation-fighting money supply rule thus largely removes the stickiness in the
real money supply.

4.4 Capital Adjustment Costs

As a fourth alternative model specification we consider the case in which large
changes (in either direction) in the capital stock are costly. We capture this fea-
ture by postulating adjustment costs in the form suggested by Uzawa (1969) and
Hayashi (1982). We postulate the existence of a representative investment firm
which constructs the macroeconomic capital stock and rents out units of capital

10 The magnitude of y, reflects the units in which the interest- and inflation rates are measured.
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to firms in the intermediate goods sector. The investment firm’s objective func-
tion is given by:

V= Y[R~ PN 3
T=t

where N  is the nominal stochastic discount factor defined in (14) above. The net
capital accumulation function is given by:

K‘r B K‘r—l =® 17:

7—1 7—1

where ®(x) is an installation function satisfying ®(5) = 0, ®'(5) = 1 (where § > 0
is the constant rate of capital depreciation), and ®”(-) < 0. In period 7 the first-order
conditions are given by (54) and:

I
l=¢q@ (),
@ (55)

/o
1 CY . I, I,
‘ff=_1+pc1/i<’f+l+q’+‘<”q’<Kf k)6
T+

where g, is Tobin’s (marginal) ¢ measuring the shadow price of installed capital and
thus the profitability of investment.

To implement the adjustment cost model we assume that the installation func-
tion takes the following form:

1-0
Z Z+x—0 :
D(x) = -11,
(x) 1—o, “ E ] ] (57)
with 6, > land Z > 0. By using (57) we find that (54)—(56) are given by:
Z (1-0,)/o,
K, = [1+—1_6x o —1]]1@_1, (58)
_( 1/o,

1, = [6+z<q, t = 1)]1(,_1, (59)

1/o —
= 1 C, / i 142 [ (1-0,)/0, 1] t+1 . (60)
! 14p Cz+1 +1 t+1 1-— 9141

Equation (59) is added to the NK-FMS model and g, becomes an additional non-pre-
determined state variable. Equations (58) and (60) replace, respectively, equations
(T1.1) and (T1.4).
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The simulation results for the New Keynesian model with capital adjustment costs
are reported in Table 8(f). The Implausible Result does not appear. At impact output
and investment increase. Employment and factor prices fall but by much less than in
the NK-FMS model. As a result the drop in real marginal cost is much smaller also.
In the presence of capital adjustment costs the temporary productivity increase is fully
incorporated in Tobin’s ¢ which increases at impact. This explains why investment is
boosted at impact. The impulse-response functions for output, employment, consump-
tion, factor and goods prices, and real marginal cost implied by this model variant are
quite similar to those for the New Keynesian model with a fixed nondepreciating capi-
tal stock (see Tables 5(d) and 8(f) and SM, Sects. A.3.1 and A.3.7).

4.5 Endogenous Capital Utilization Rate

As a fifth alternative model specification we consider the case in which the utilization
rate of capital is flexible. In particular we assume that the household determines the
utilization rate of capital, u, , and that firms rent capital services, which we define as
K7 (i) = u,K,_,(), in order to produce output. The physical depreciation rate of the
capital stock is assumed to be increasing in its rate of utilization, i.e. heavy usage brings
about more severe wear and tear. The household’s periodic budget identity in real terms
is now given by:

o0
P[C,+L]+M +B, .+ z Q'S =W,L +R‘uK._ +(1+R,_))B,
s=0

(s o]
+ ) X3S+ M, - P,T,,

s=0
(61)
whilst the capital accumulation identity is changed to:
K.=1+(1-6(u,))K,_,. (62)

To implement this model we assume that the depreciation function takes the form
suggested by Baxter and Farr (2005, p. 338):

_ do 14+a
o(u;) = 6y + 1+alu, Y (63)

with 6, > 0, a; > 0, and a; > 0. In period ¢ the first-order necessary conditions are
given by (63) and:

re=6"(u,), (64)

(65)
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Equation (64) is added to the NK-FMS model and u, is endogenous. Equation (62)
replaces (T1.1) whilst (65) replaces (T1.4). Finally, in (T1.8) and (T1.13) K,_, is
replaced by u,K,_,

The simulation results for the New Keynesian model with an endogenous capital
utilization rate are reported in Table 8(g). The quantitative results are in the same direc-
tion but are even more implausible than those of the NK-FMS model. Output, invest-
ment, and employment fall dramatically at impact only to more than recover from the
next period onward (see the impulse-response functions in SM, Sect. A.3.9). The huge
impact drop in marginal cost is also virtually eliminated immediately after the impact
period. The introduction of an endogenous capital utilization rate does not remove the
Implausible Result from the NK-FMS model.

4.6 Hybrid Synthesis Model

As a sixth alternative model specification we consider the hybrid case in which there
are two types of firm operating in the intermediate goods sector, namely sticky-price
and flexible-price firms. In particular, we assume that a constant fraction y of firms
in the intermediate sector face the Calvo friction whilst the remaining fraction 1 — y
of firms can freely adjust their prices at all times. Flexible-price firms set their price
according to the usual markup formula:

0
P = g lmen (66)

and sticky-price firms (which get a green light in period f) set the new price accord-
ing to the usual rule:

[1]

0

PnS:
! 0-1

) (67)

[1]

SR

where Efv and EID evolve according (T1.10) and (T1.11). The regular and alternative
price indices for all sticky-price firms together are given by:

. N\ 1-6 o\ 1-0]1/0-0)
p= =o' ee) ] (©9)
s ns\ 0 s -0 ~1/0
pe=[a-oEe) eee)”] (69)
Finally, the regular and alternative aggregate price levels are:
- N 1-071/0-0)
Po= [ =w@) =+ w(P) T (70)
o _o1-1/0
Pe=a-w@y +uw(Pe)”] an
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In summary, the changes to the NK-FMS model are as follows: equation (66)
is added to the model, equation (67) replaces (T1.9) (and P} is dropped from the
model), and (68)—(71) replace (T1.12) and (T1.14). The additional endogenous vari-
ables are Pf , P, P, P, and Py

The simulation results for the hybrid model are reported in Table 8(h). These
results are based on the assumption that eighty percent of firms face the Calvo fric-
tion (y = 0.8). Interestingly, despite the fact that flex-price firms constitute a rela-
tively small fraction of the intermediate goods sector, the Implausible Result is no
longer observed at the macroeconomlc level. Indeed, the impulse-response functions
for¥,C, I, K, W, 7 K. and mc, implied by this model variant are quite similar in
shape to those for the New Keynesian FMS model with capital adjustment costs (see
Table 8(f) and (h) and SM, Sects. A.3.7 and A.3.10).

4.7 Non-Separable Preferences

As a seventh and final alternative model specification we consider the case in which
the household’s felicity function is non-separable. In particular we change the felic-
ity function in equation (17) to:

[CA07ARY R i R B AL
P )
1-1/c 1+«

(C L MT+1/PT)E

with o > 0 and 0 < y < 1. Note that for 6 — 1 the expression used for the NK-FMS

model is obtained. With this specification of preferences, equations (T1.3)—(T1.6)
and (T1.10)—=(T1.11) are replaced by:

1=E ﬂ( C, >1+y(l/a—l)< P, >(M>(l—y)(l/o—_l) .
11 +p Ct+1 Pi+1 MH_Q/PH_I

I —E 1+rt+1 1) < C, >1+7(1/6—1)< M, /P, >(1—r)(1/6—1) o
' L+p Cz+1 Mt+2/Pt+1

Mt+l 1—)/ 1+Rt

= C s
5 = Ok (75)
oo { Moy \ 070D
Ls = yw,C; T/ ”<—’+ ) (76)
PZ‘
M.\~ /=D
EﬁV:th_(Hy(l/G_l))(—;rl) PoY,mc, + 15 E[E%,]. 0D
t
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(71 /o=1) [ Moz ~Um/emh 9
=D __ —(+y(l/o— Tl 0—1 _ > =
EP =yC ( 2 ) Py, + 1+p[E,[_t+1 . (78

Compared to the NK-FMS model, the evolution of the real money supply plays a
much more prominent role in the non-separable model.

The simulation results for the New Keynesian model with non-separable prefer-
ences are reported in Table 8(i). These results are based on a parameter setting featur-
ing 0 = 0.7 and y = 0.8. The quantitative results are in the same direction but are even
more implausible than those of the NK-FMS model. Output, investment, and employ-
ment fall dramatically at impact only to more than recover from the next period onward
(see the impulse-response functions in SM, Sect. A.3.11). The huge impact drop in
marginal cost is also virtually eliminated immediately after the impact period. The
introduction of non-separable preferences does not remove the Implausible Result from
the NK-FMS model.

4.8 Discussion

The main findings of this section are the following. First, the Implausible Result does
not arise in versions of the New Keynesian model with (a) a fixed or absent capital
stock, (b) an inflation-fighting money supply rule, (c) capital adjustment costs, and (d) a
mix of sticky-price and flexible-price firms. Second, the Implausible Result persists (or
even gets worse) in New Keynesian models with (e) Rotemberg quadratic price adjust-
ment costs, (f) a predetermined price level, (g) a countercyclical money supply rule, (h)
variable capital utilization, and (i) non-separable preferences.

The evidence suggests that the presence or absence of the Implausible Result hinges
on the flexibility of the real money supply relative to the flexibility of the capital stock.
In models with sufficiently perfectly flexible prices and in the NK-TR model both the
real money stock and the capital stock are flexible. With a fixed money supply (as in
the NK-FMS model) the real money supply is virtually fixed at impact, whereas the
capital stock is perfectly flexible. Following a temporary shock, all adjustment occurs
at impact via gross investment and the capital stock thus leading to the Implausible
Result. An endogenous utilization rate for capital makes the use of capital services even
more flexible and reinforces the Implausible Result. Similarly, pre-determined prices
eliminates all variability in the real money supply at impact which also worsens the
Implausible Result. The introduction of capital adjustment reduces the flexibility of the
capital stock so that the relative flexibility with respect to the real money supply is also
reduced and the Implausible Result does not arise.

5 Conclusions
In this paper we show that a standard New Keynesian model with endogenous
capital accumulation that is closed with a constant nominal money supply (and an

endogenous interest rate) delivers an implausible result in response to a positive pro-
ductivity shock. Specifically, we find that output and investment decrease on impact
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in response to the positive productivity shock, which contrasts with the model where
monetary policy is implemented via a standard Taylor rule where output and invest-
ment increase in response to a positive productivity shock. The implications of the
latter model are, of course, both economically and empirically much more plausible.
After the impact period, the model with a constant nominal money supply delivers
impulse-response functions that are qualitatively very similar to those of the model
with a standard Taylor rule.

The intuition behind what we refer to as the “Implausible Result” is that the real
money supply becomes more or less fixed when the nominal money supply is fixed
and prices are sticky dus to price staggering. When the capital stock can freely
adjust, all the adjustment from the productivity shock falls on the capital stock,
which causes investment and output to decrease on impact. This Implausible Result
is removed when variations in the capital stock are subject to adjustment costs or
impossible altogether (for example when a fixed supply of land is an input in the
production function). In that case, the adjustment falls on the (replacement) price
of capital (or land), which increases in response to the productivity shock. Further-
more, the Implausible Result also disappears when prices become more flexible.
However, we also show that the Implausible Result becomes quantitatively stronger
when prices become more sticky or even pre-determined, or when capital essentially
becomes more flexible by introducing an endogenous utilization rate of capital.
Therefore, the Implausible Result is driven by the relative flexibilities of the real
money supply on the one hand and the capital stock on the other.

Modern central banks implement their monetary policy via an endogenous inter-
est rate policy rule, for which the Implausible Result does not arise. In addition,
graduate students are typically exposed to the New Keynesian model version with-
out endogenous capital accumulation for which the Implausible Result also does not
arise when the nominal money supply is constant (Gali, 2015). This might explain
why the Implausible Result has not been picked up by the literature thus far. How-
ever, further research is necessary to identify the exact factors that drive our results.

Supplementary Information The online version contains supplementary material available at https://doi.
org/10.1007/s10645-023-09420-4.

Funding The authors did not receive support from any organization for the submitted work.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as
you give appropriate credit to the original author(s) and the source, provide a link to the Creative Com-
mons licence, and indicate if changes were made. The images or other third party material in this article
are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is
not permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission
directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licen
ses/by/4.0/.

@ Springer


https://doi.org/10.1007/s10645-023-09420-4
https://doi.org/10.1007/s10645-023-09420-4
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

182 B. J. Heijdra, C. G. F. van der Kwaak

References

Ascari, G., & Rossi, L. (2012). Trend inflation and firms price-setting: Rotemberg versus Calvo. Eco-
nomic Journal, 122, 1115-1141.

Ball, L. (2012). Short-run money demand. Journal of Monetary Econonty, 59, 622-633.

Baxter, M., & Farr, D. D. (2005). Variable capital utilization and international business cycles. Journal of
International Economics, 65, 335-347.

Bernanke, B. S., Gertler, M., & Gilchrist, S. (1999). The financial accelerator in a quantitative business
cycle framework. In J. B. Taylor & M. Woodford (Eds.), Handbook of macroeconomics. (Vol. 1B).
Amsterdam: North-Holland.

Calvo, G. A. (1977). The stability of models of money and perfect foresight: A comment. Econometrica,
45,1737-1739.

Calvo, G. A. (1983). Staggered prices in a utility-maximizing framework. Journal of Monetary Econom-
ics, 12, 383-398.

Carlstrom, C. T., & Fuerst, T. S. (2005). Investment and interest rate policy: A discrete-time analysis.
Journal of Economic Theory, 123, 4-20.

Christiano, L. J., Eichenbaum, M. S., & Evans, C. L. (2005). Nominal rigidities and the dynamic effects
of a shock to monetary policy. Journal of Political Economy, 113, 1-45.

Cochrane, J. H. (2005). Asset pricing. Princeton, NJ: Princeton University Press.

Gali, J. (2015). Monetary policy, inflation, and the business cycle (2nd ed.). Princeton, NJ: Princeton
University Press.

Gali, J., & Gertler, M. (2007). Macroeconomic modeling for monetary policy evaluation. Journal of Eco-
nomic Perspectives, 21, 25-45.

Goodfriend, M., & King, R. G. (1997). The new neoclassical synthesis and the role of monetary policy.
Macroeconomics Annual, 12, 231-283.

Hayashi, F. (1982). Tobin’s marginal q and average q: A neoclassical interpretation. Econometrica, 50,
213-224.

Heijdra, B. J. (2017). Foundations of modern macroeconomics (3rd ed.). Oxford: Oxford University
Press.

Huang, K. X. D., & Meng, Q. (2007). Capital and macroeconomic instability in a discrete-time
model with forward-looking interest rate rules. Journal of Economic Dynamics and Control, 31,
2802-2826.

Ireland, P. N. (2004). Money’s role in the monetary business cycle. Journal of Money, Credit, and Bank-
ing, 36, 969-983.

Ireland, P. N. (2004). Technology shocks in the New Keynesian model. Review of Economics and Statis-
tics, 86, 923-936.

Kurozumi, T., & Van Zandweghe, W. (2008). Investment, interest rate policy, and equilibrium stability.
Journal of Economic Dynamics and Control, 32, 1489-1516.

McCallum, B. T., & Nelson, E. (1999). An optimizing IS-LM specification for monetary policy and busi-
ness cycle analysis. Journal of Money, Credit, and Banking, 31, 296-316.

Rotemberg, J. J. (1982). Monopolistic price adjustment and aggregate output. Review of Economic Stud-
ies, 49, 517-531.

Smets, F., & Wouters, R. (2003). An estimated dynamic general equilibrium model of the euro area.
Journal of the European Economic Association, 1, 1123-1175.

Taylor, J. B. (1993). Discretion versus policy rules in practice. Carnegie-Rochester Conference Series on
Public Policy, 39, 195-214.

Uzawa, H. (1969). Time preference and the Penrose effect in a two-class model of economic growth.
Journal of Political Economy, 77, 628-652.

Woodford, M. (2003). Interest and prices: Foundations of a theory of monetary policy. Princeton, NJ:
Princeton University Press.

Woodford, M. (2005). Firm-specific capital and the New Keynesian phillips curve. International Journal
of Central Banking, 1, 1-46.

Woodford, M. (2009). Convergence in macroeconomics: Elements of the new synthesis. American Eco-
nomic Journal: Macroeconomics, 1,267-279.

@ Springer



Some Unconventional Properties of New Keynesian DSGE Models 183

Xiao, W. (2008). Increasing returns and the design of interest rate rules. Macroeconomic Dynamics, 12,
22-49.

Yun, T. (1996). Nominal price rigidity, money supply endogeneity, and business cycles. Journal of Mon-
etary Economics, 37, 345-370.

@ Springer



	Some Unconventional Properties of New Keynesian DSGE Models
	Abstract
	1 Introduction
	2 Model
	2.1 Firms
	2.1.1 Production in the Final Goods Sector
	2.1.2 Production in the Intermediate Goods Sector

	2.2 Households
	2.3 Macroeconomic Equilibrium

	3 Investigating the New Keynesian Model
	3.1 The Benchmark Sticky-Price Model: NK-TR
	3.2 The Flexible-Price Model: NC-TR
	3.3 The Alternative Sticky-Price Model: NK-FMS
	3.4 The Implausible Result
	3.4.1 Statement of the Problem
	3.4.2 Parametric Robustness
	3.4.3 Theoretical Robustness


	4 Possible Remedies and Blind Alleys
	4.1 Quadratic Price Adjustment Costs
	4.2 Predetermined Price Level
	4.3 Money Supply Rule
	4.4 Capital Adjustment Costs
	4.5 Endogenous Capital Utilization Rate
	4.6 Hybrid Synthesis Model
	4.7 Non-Separable Preferences
	4.8 Discussion

	5 Conclusions
	Anchor 28
	References




