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Abstract
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of the model in authors’ paper “Optimal Inflation Stabilization in a Medium-Scale
Macroeconomic Model.” It also derives in detal the steady state of the model.
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1 The Model

1.1 Households

The economy is assumed to be populated by a large representative family with a continuum
of members. Consumption and hours worked are identical across family members. The
household’s preferences are defined over per capita consumption, ¢;, and per capita labor

effort, h;, and are described by the utility function
EO Z ﬁtU(ct - th_l, h’t)a (1)
t=0

where F; denotes the mathematical expectations operator conditional on information avail-
able at time ¢, 5 € (0,1) represents a subjective discount factor, and U is a period utility
index assumed to be strictly increasing in its first argument, strictly decreasing in its second
argument, and strictly concave. Preferences display internal habit formation, measured by
the parameter b € [0,1). The consumption good is assumed to be a composite made of a

continuum of differentiated goods ¢;; indexed by i € [0, 1] via the aggregator

1 1/(1=1/n)
Ct = [/ Citl_lmd@} ) (2)
0

where the parameter > 1 denotes the intratemporal elasticity of substitution across differ-
ent varieties of consumption goods.

For any given level of consumption of the composite good, purchases of each individual
variety of goods ¢ € [0,1] in period ¢ must solve the dual problem of minimizing total
expenditure, fol Pycudi, subject to the aggregation constraint (2), where P denotes the

nominal price of a good of variety ¢ at time ¢. The demand for goods of variety ¢ is then

Pi -n
Cit = (E) Ct, (3)

where P, is a nominal price index defined as

1 =
P, = { / P;—"dz} . (4)
0

This price index has the property that the minimum cost of a bundle of intermediate goods

given by

yielding ¢; units of the composite good is given by Pjc;.

Labor decisions are made by a central authority within the household, a union, which



supplies labor monopolistically to a continuum of labor markets of measure 1 indexed by
j €10,1]. In each labor market j, the union faces a demand for labor given by (Wtj / Wt) - he.
Here Wtj denotes the nominal wage charged by the union in labor market j at time ¢, W; is
an index of nominal wages prevailing in the economy, and h¢ is a measure of aggregate labor
demand by firms. We postpone a formal derivation of this labor demand function until we
consider the firm’s problem. In each particular labor market, the union takes W; and h¢ as
exogenous.! Given the wage it charges in each labor market j € [0, 1], the union is assumed

to supply enough labor, h{, to satisfy demand. That is,

j w] - d
h’t - E h’t’ (5)

where w{ = Wtj /P, and w, = W;/P,. In addition, the total number of hours allocated to
the different labor markets must satisfy the resource constraint h; = fol hldj. Combining this

restriction with equation (5), we obtain

L -
hy = he / (—t) dj. (6)
0 Wt

Our setup of imperfectly competitive labor markets departs from most existing exposi-
tions of models with nominal wage inertia (e.g., Erceg, et al., 2000). For in these models, it is
assumed that each household supplies a differentiated type of labor input. This assumption
introduces equilibrium heterogeneity across households in the number of hours worked. To
avoid this heterogeneity from spilling over into consumption heterogeneity, it is typically as-
sumed that preferences are separable in consumption and hours and that financial markets
exist that allow agents to fully insure against employment risk. Our formulation has the
advantage that it avoids the need to assume both separability of preferences in leisure and
consumption and the existence of such insurance markets. As we will explain later in more
detail, our specification gives rise to a wage-inflation Phillips curve with a larger coefficient
on the wage-markup gap than the model with employment heterogeneity across households.

The household is assumed to own physical capital, k;, which accumulates according to
the following law of motion

iy

frer = (1= Ok [1-5( 4] 7)

1—1

!The case in which the union takes aggregate labor variables as endogenous can be interpreted as an
environment with highly centralized labor unions. Higher-level labor organizations play an important role
in some European and Latin American countries, but are less prominent in the United States.



where i; denotes gross investment and ¢ is a parameter denoting the rate of depreciation of
physical capital. The function § introduces investment adjustment costs. It is assumed that
in the steady state, the function S satisfies S = &’ = 0 and §” > 0. These assumptions
imply the absence of adjustment costs up to first-order in the vicinity of the deterministic
steady state.

As in Fisher (2005) and Altig et al. (2004), it is assumed that investment is subject
to permanent investment-specific technology shocks. Fisher argues that this type of shock
is needed to explain the observed secular decline in the relative price of investment goods
in terms of consumption goods. More importantly, Fisher argues that investment-specific
technology shocks account for about 50 percent of aggregate fluctuations at business-cycle
frequencies in the postwar U.S. economy. (As we will discuss below, Altig et al., 2005, find
significantly smaller numbers in the context of the model studied in our paper.)

We assume that investment goods are produced from consumption goods by means of a
linear technology whereby T, units of consumption goods yield one unit of investment goods,
where T; denotes an exogenous, permanent technology shock in period ¢t. The growth rate

of T; is assumed to follow an AR(1) process of the form:

MYt = Puy Hrt—1 + €py s

where fiy; = In(py¢/py) denotes the percentage deviation of the gross growth rate of in-
vestment specific technological change and py denotes the steady-state growth rate of T;.

Owners of physical capital can control the intensity at which this factor is utilized. For-
mally, we let u; measure capacity utilization in period ¢. We assume that using the stock of
capital with intensity u, entails a cost of Y} 'a(u;)k; units of the composite final good. The
function a is assumed to satisfy a(1) = 0, and a’(1),a”(1) > 0. Both the specification of cap-
ital adjustment costs and capacity utilization costs are somewhat peculiar. More standard
formulations assume that adjustment costs depend on the level of investment rather than
on its growth rate, as is assumed here. Also, costs of capacity utilization typically take the
form of a higher rate of depreciation of physical capital. The modeling choice here is guided
by the need to fit the response of investment and capacity utilization to a monetary shock
in the U.S. economy. For further discussion of this issue, see Christiano, Eichenbaum, and
Evans (2005) and Altig et al. (2004).

Households rent the capital stock to firms at the real rental rate r¥ per unit of capital.
Total income stemming from the rental of capital is given by rFusk;. The investment good is
assumed to be a composite good made with the aggregator function shown in equation (2).

Thus, the demand for each intermediate good i € [0, 1] for investment purposes, i;, is given



by i = T, iy (Pu/P) "

As in our earlier related work (Schmitt-Grohé and Uribe, 2004), we motivate a demand
for money by households by assuming that purchases of consumption goods are subject
to a proportional transaction cost that is increasing in consumption-based money velocity.

Formally, the purchase of each unit of consumption entails a cost given by ¢(v;). Here,
v = — (8)

is the ratio of consumption to real money balances held by the household, which we denote
by ml. The transaction cost function ¢ satisfies the following assumptions: (a) (v) is
nonnegative and twice continuously differentiable; (b) There exists a level of velocity v > 0, to
which we refer as the satiation level of money, such that ¢(v) = ¢'(v) = 0; (¢) (v—v)¢'(v) >0
for v # v; and (d) 2¢'(v) + vf”(v) > 0 for all v > v. Assumption (a) implies that the
transaction process does not generate resources. Assumption (b) ensures that the Friedman
rule, i.e., a zero nominal interest rate, need not be associated with an infinite demand for
money. It also implies that both the transaction cost and the associated distortions in
the intra and intertemporal allocation of consumption and leisure vanish when the nominal
interest rate is zero. Assumption (c) guarantees that in equilibrium money velocity is always
greater than or equal to the satiation level v. As will become clear shortly, assumption (d)
ensures that the demand for money is decreasing in the nominal interest rate. Assumption (d)
is weaker than the more common assumption of strict convexity of the transaction cost
function.

Households are assumed to have access to a complete set of nominal state-contingent
assets. Specifically, each period ¢ > 0, consumers can purchase any desired state-contingent
nominal payment XthJrl in period t 4+ 1 at the dollar cost EtT’t,t+1Xf+1- The variable 7441
denotes a stochastic nominal discount factor between periods ¢ and t + 1. Households pay
real lump-sum taxess in the amount 7; per period. The household’s period-by-period budget

constraint is given by:

Etrmﬂa??“ + Ct[l + E('Ut)] + Tt_l[lt + a(ut)k‘t] + m? + T = + Ty

The variable 2" /7, = X'/ P, denotes the real payoff in period ¢ of nominal state-contingent
assets purchased in period ¢t — 1. The variable ¢; denotes dividends received from the own-

ership of firms and m, = P,/P,_; denotes the gross rate of consumer-price inflation.



We introduce wage stickiness in the model by assuming that each period the household
(or unions) cannot set the nominal wage optimally in a fraction & € [0, 1) of randomly chosen
labor markets. In these markets, the wage rate is indexed to average real wage growth and to
the previous period’s consumer-price inflation according to the rule W7 = W7 | (p-m—1)X,
where x € [0, 1] is a parameter measuring the degree of wage indexation. When x equals 0,
there is no wage indexation. When y equals 1, there is full wage indexation to long-run real
wage growth and to past consumer price inflation.

The household chooses processes for ¢;, hy, xiﬁrl, wg , kg1, ig, ug, and ml so as to maximize
the utility function (1) subject to (6)-(9), the wage stickiness friction, and a no-Ponzi-game
constraint, taking as given the processes wy, r¥, hd, ri 411, T, ¢, and 7, and the initial
conditions z{, ko, and m”,. The household’s optimal plan must satisfy constraints (6)-(9).
In addition, letting B'\w; iy, B'Aiq:, and (')A, denote Lagrange multipliers associated with
constraints (6), (7), and (9), respectively, the Lagrangian associated with the household’s

optimization problem is

L = Ey» p{U(c —beroy, hy)
t=0

1 i\ 7
—l—)\t hg/ 'le (ﬁ) di + Tfutkt + Cbt — Ty
0 W
h h
c 1r my_,+x
—Ct |i1 + 14 <—th):| — Tt I[Zt + a(ut)kt] — Tt,t+1.flf?+l — m? + =t
my Tt

+ Aiwt

1 i\ 7
ht—hf/ (ﬂ) dz’]
Ht 0 \W
t—1

The first-order conditions with respect to ¢, :E?H, he, kiyi1, e, mP, ug, and wi, in that order,

are given by

Uc(ce — bei—1, he) — bBEUc(cr1 — bey, hygr) = )\t[l + £(vy) + vtf'(vt)], (10)
P

)\H”t,t+1 = 6>\t+1 P : (11)

t+1

>\twt
_Uh(ct — bei—q, ht) == (12)
He

MG = BE N1 [Tf+1ut+1 - Tt_-l-lla(ut-l-l) + Gy (1 — 5)} ) (13)



. . . . 2 .
YA = Mg {1 - 3(.z—t) - (Z—t) S'(.Z—t)] + BEM11G141 (“i) S’(“.i) (14)
-1 -1 1—1 1t (7

A
vl (v) = 1 — BE, At;:;. (15)
rk =71 (uy) (16)
i — Wy if w! is set optimally in ¢
¢ w!_ (uem_1)X /7 otherwise ’

where w; denotes the real wage prevailing in the 1 — & labor markets in which the union
can set wages optimally in period ¢. Let h, denote the level of labor effort supplied to those
markets. Because the labor demand curve faced by the union is identical across all labor
markets, and because the cost of supplying labor is the same for all markets, one can assume
that wage rates, w;, and employment, fzt, are identical across all labor markets updating
wages in a given period. By equation (5), we have that Wihy = wTh{. Tt is of use to track the
evolution of real wages in a particular labor market. In any labor market j where the wage
is set optimally in period t, the real wage in that period is w;. If in period t+ 1 wages are not
reoptimized in that market, the real wage is w;(p.+m;)X/m 1. This is because the nominal
wage is indexed by x percent of the sum of past price inflation and long-run real wage growth.
In general, s periods after the last reoptimization, the real wage is w; [[;_, (%) . To
derive the household’s first-order condition with respect to the wage rate in those markets
where the wage rate is set optimally in the current period, it is convenient to reproduce the

parts of the Lagrangian given above that are relevant for this purpose,

[e%] . ~ s T 7 o s T —1 Wieg -
Lv — EtZ(aﬁ)s)\t-i-shia-st-sH(t——i_k) [wtl WH(t—+k) Y4 w, 77].

s=0 k=1 (,Uz*71't+k—1))~< Py (,Uz*ﬂ-t—i-k—l))z flits

The first-order condition with respect to w; is

= " ® s Tli—1 w Wias
O:EtZ(ﬁa)s)\tJrsw?JrshirsH<( t+k ) 77~ t Wiy

Mpyk—1)X s Mtk [t
s=0 R ) 7 Hk:l (pox T —1)X s

Using equation (12) to eliminate fi;,s, we obtain that the real wage @, must satisfy

= a7 : 7r "1 W —~Uhtys
0= 53 00 (o) it IT (2t ) | v

— t+s (Mz* 71-t—l—k—1)>2 n s Ttk )\t—i-s
s=0 k=1 Hk:l (Ba* Ty p—1)X

This expression states that in labor markets in which the wage rate is reoptimized in period



t, the real wage is set so as to equate the union’s future expected average marginal revenue
to the average marginal cost of supplying labor. The union’s marginal revenue s periods
after its last wage reoptimization is given by ﬁ—;lﬁ;t | <%> Here, 11/(17 — 1)
represents the markup of wages over marginal cost of labor that would prevail in the absence

of wage stickiness. The factor [];_, (%) in the expression for marginal revenue

reflects the fact that as time goes by without a chance to reoptimize, the real wage declines
as the price level increases when wages are imperfectly indexed. In turn, the marginal cost

of supplying labor is given by the marginal rate of substitution between consumption and

%ﬁs = Z’tt—i The variable ji; is a wedge between the disutility of labor and

the average real wage prevailing in the economy. Thus, fi; can be interpreted as the average

leisure, or

markup that unions impose on the labor market. The weights used to compute the average
difference between marginal revenue and marginal cost are decreasing in time and increasing
in the amount of labor supplied to the market.

We wish to write the wage-setting equation in recursive form. To this end, define
fl (77_1) i E i(/@~)5)\ (wt+s)ﬁhd ﬁ( Ttk )ﬁ_l
=l —|Ww « s\ —=— s =
t 7 1 £ t+ Wy t+ i (e oy _1)X

and

o0 S n
- s 7 0
e a5 st e T (2 )

R
— o \ (e 1)

One can express f; and f? recursively as

1 n—1Y\ _ w\" ., e " (o
fi = T Wi A th hy + aBE; m w, Jer1s (17)

2= —Upy (%)n hd 4+ aBE, (&)n (wt+1)n f2. (18)

t (:U’z* 7Tt)>~< Wy

With these definitions at hand, the wage-setting equation becomes

fi = 1. (19)

The household’s optimality conditions imply a liquidity preference function featuring a
negative relation between real balances and the short-term nominal interest rate. To see this,
we first note that the absence of arbitrage opportunities in financial markets requires that
the gross risk-free nominal interest rate, which we denote by R;, be equal to the reciprocal
of the price in period ¢ of a nominal security that pays one unit of currency in every state
of period t + 1. Formally, R; = 1/FEir;;y1. This relation together with the household’s



optimality condition (11) implies that

A
A = BRE, (20)
Tt41
which is a standard Euler equation for pricing nominally risk-free assets. Combining this

expression with equations (10) and (15), we obtain

1

21
vl () =1— —.

t ( t) Rt

The right-hand side of this expression represents the opportunity cost of holding money,
which is an increasing function of the nominal interest rate. Given the assumptions regarding
the form of the transactons cost function ¢, the left-hand side is increasing in money velocity.
Thus, this expression defines a liquidity preference function that is decreasing in the nominal

interest rate and unit elastic in consumption.

1.2 Firms

Each variety of final goods is produced by a single firm in a monopolistically competitive
environment. Each firm ¢ € [0, 1] produces output using as factor inputs capital services, ki,

and labor services, h;;. The production technology is given by
F(kit, zhi) — 02,

where the function F' is assumed to be homogenous of degree one, concave, and strictly in-
creasing in both arguments. The variable z; denotes an aggregate, exogenous, and stochastic
neutral productivity shock. The parameter ¢ > 0 introduces fixed costs of operating a firm
in each period. In turn, the presence of fixed costs implies that the production function ex-
hibits increasing returns to scale. We model fixed costs to ensure a realistic profit-to-output
ratio in steady state. Finally, we follow Altig et al. (2005) and assume that fixed costs are
subject to permanent shocks, z;, with

A yr

2t
This formulation of fixed costs ensures that along the balanced-growth path fixed costs do
not vanish. Let p,; = 2:/2—; denote the gross growth rate of the neutral technology shock.
By assumption, in the non-stochastic steady state p,, is constant and equal to j,. Also, let

fir = In(p,./p.) denote the precentage deviation of the growth rate of neutral technology



shocks. Then, the evolution of p,; is assumed to be given by:

Mzt = Pu, Mz it—1 + €ty

with €, ~ (0,07.).

Aggregate demand for good 4, which we denote by y;;, is given by
Yir = (Pie/ Pr) ™"y,

where

Yo = c[L+ L(v)] + g0 + Ty i + alug) ke, (21)

denotes aggregate absorption. The variable g; denotes government consumption of the com-
posite good in period t.

We rationalize a demand for money by firms by imposing that wage payments be sub-
ject to a working-capital requirement that takes the form of a cash-in-advance constraint.
Formally, we impose

ml, = vwhy, (22)

where mlft denotes the demand for real money balances by firm ¢ in period ¢t and v > 0 is a
parameter indicating the fraction of the wage bill that must be backed with monetary assets.

Firms incur financial costs in the amount (1 — R, l)mfl stemming from the need to
hold money to satisfy the working-capital constraint. Letting the variable ¢;; denote real
distributed profits, the period-by-period budget constraint of firm ¢ can then be written as

f f
Ty +my_y P
t

1-n
) Ye — Tfk‘it — wihit — Git,
Tt
where Etrmﬂch; +1 denotes the total real cost of one-period state-contingent assets that the
firm purchases in period ¢ in terms of the composite good.2 We assume that the firm must
satisfy demand at the posted price. Formally, we impose

Iz

-1
F(kinzthit) - @DZ: > (F) Y. (23)
t

2Implicit in this specification of the firm’s budget constraint is the assumption that firms rent capital
services from a centralized market. This is a common assumption in the related literature (e.g., Christiano
et al., 2003; Kollmann, 2003; Carlstrom and Fuerst, 2003; and Rotemberg and Woodford, 1992). A polar
assumption is that capital is firm specific, as in Woodford (2003, chapter 5.3) and Sveen and Weinke (2003).
Both assumptions are clearly extreme. A more realistic treatment of investment dynamics would incorporate
a mix of firm-specific and homogeneous capital.

10



The objective of the firm is to choose contingent plans for Py, hi, ki, xzft 41, and mfl SO as

to maximize the present discounted value of dividend payments, given by

o0

Ey E Tt,t+spt+s¢it+sa

s=0

where 1444, = HZ:I Ti+k—144+k, for s > 1, denotes the stochastic nominal discount factor
between ¢t and ¢t + s, and 7, = 1. Firms are assumed to be subject to a borrowing constraint
that prevents them from engaging in Ponzi games.

Clearly, because ;1 represents both the firm’s stochastic discount factor and the market
pricing kernel for financial assets, and because the firm’s objective function is linear in asset
holdings, it follows that any asset accumulation plan of the firm satisfying the no-Ponzi
constraint is optimal. Suppose, without loss of generality, that the firm manages its portfolio
so that its financial position at the beginning of each period is nil. Formally, assume that
ok gt mi, = 0 at all dates and states. Note that this financial strategy makes 7, 41 state
noncontingent. In this case, distributed dividends take the form

P\
Git = (F) Y — ki — wihy — (1 — Rt_l)mzft‘ (24)
t

For this expression to hold in period zero, we impose the initial condition 2/, + m/_, = 0.
The last term on the right-hand side of the above expression for dividends represents the
firm’s financial costs associated with the cash-in-advance constraint on wages. This financial
cost is increasing in the opportunity cost of holding money, 1 — R;*, which in turn is an
increasing function of the short-term nominal interest rate R;.

Letting 7 ¢4+ Prysmcys denote the Lagrange multiplier associated with constraint (23),
the first-order conditions of the firm’s maximization problem with respect to capital and

labor services are, respectively,

R, —1
mcitthg(k:it, Zthit) = Wy [1 +v t :|

5 (25)

and
mCitFl(k‘it, Zthit) = Tf- (26)

It is clear from these optimality conditions that the presence of a working-capital requirement
introduces a financial cost of labor that is increasing in the nominal interest rate. We note
also that because all firms face the same factor prices and because they all have access to

the same production technology with the function F' being linearly homogeneous, marginal

11



costs, mcy, are identical across firms. Indeed, because the above first-order conditions hold
for all firms independently of whether they are allowed to reset prices optimally, marginal
costs are identical across all firms in the economy.

Prices are assumed to be sticky a la Calvo (1983) and Yun (1996). Specifically, each
period t > 0 a fraction « € [0, 1) of randomly picked firms is not allowed to optimally set
the nominal price of the good they produce. Instead, these firms index their prices to past
inflation according to the rule Py = P;;_17) ;. The interpretation of the parameter x is the
similar to that of its wage counterpart Y. The remaining 1 — « firms choose prices optimally.
Consider the price-setting problem faced by a firm that has the opportunity to reoptimize
the price in period ¢. This price, which we denote by P, is set so as to maximize the expected

present discounted value of profits. That is, P, maximizes the following Lagrangian:

00 /I 1—
P, A K
L = E, Z TtitsPrrs@’ ( t) H <M) Yirs — Tf+s/€it+s — Wepshiys[1 +v(1 — R;rls)]

P, T
s=0 t k=1 t+k

x b I e T\
F(Kitgss Zt4shits) — V2l — 2] H T Ytrs| (-
+

k=1

+MC;4 6

The first-order condition with respect to P, is

o B\ iy () n—1[(hH Tkt
E; ;Tt,t+spt+sas (R‘,) kl:[l (ﬁ) Yt+s [T (R‘,) g <#+k) - mcit—l—s] = 0.
(27)
According to this expression, optimizing firms set nominal prices so as to equate average
future expected marginal revenues to average future expected marginal costs. The weights
used in calculating these averages are decreasing with time and increasing in the size of
the demand for the good produced by the firm. Under flexible prices (a = 0), the above
optimality condition reduces to a static relation equating marginal costs to marginal revenues
period by period.

It will prove useful to express this first-order condition recursively. To that end, let

o0 p _77_1 s ﬂ‘X -n
1’% = Etzrt,t-i-sasyt-i-smcit-i-s (é) H( éi%})

s=0 k=1 \ Ttk

and

o p -n s 1=n
2 _ R _t t+k—1
r; = LB E TitrsQ Yits (R‘,) 11 ( n/(n—1) ) )

s=0 7Tt-l—k

12



Express x; and z? recursively as

. >\ o o 7TX -n
517% = YmCPy K 1+aﬁEt s (pt/pt+1) -t ! xtl—i-l’ (28)
At Tt+1
B A X 1-n ~ -n
1’? = YDy "+ afBE, (41 ( ! ) (?i) 51734_1- (29)
At Tt+1 Pt+1

Then we can write the first-order condition with respect to P, as

ey = (= 1)af. (30)

The labor input used by firm i € [0, 1], denoted h;;, is assumed to be a composite made

of a continuum of differentiated labor services, h?, indexed by j € [0, 1]. Formally,

1 - 1/(1-1/7)
o = [ / hzf‘”"dj] | (31)
0

where the parameter 77 > 1 denotes the intratemporal elasticity of substitution across dif-
ferent types of activities. For any given level of h;, the demand for each variety of labor
J €10,1] in period ¢ must solve the dual problem of minimizing total labor cost, fol Vth h{tdj,
subject to the aggregation constraint (31), where W denotes the nominal wage rate paid to

labor of variety j at time ¢. The optimal demand for labor of type j is then given by

. AN
hiy = (ﬁ) hit, (32)

where IV, is a nominal wage index given by

1

1 _ 715
W, = { / Wfl_ndj} . (33)
0

This wage index has the property that the minimum cost of a bundle of intermediate labor

inputs yielding h;; units of the composite labor is given by W h;.

1.3 The Government

Each period, the government consumes g¢; units of the composite good. We assume that the
government minimizes the cost of producing g;. As a result, public demand for each variety

i € [0, 1] of differentiated goods g;; is given by gir = (Pit/P:) " g:.

13



We assume that along the balanced-growth path the share of government spending in
value added is constant, that is, we impose lim;_,o E¢g+j/ye+j = S4, Where s, is a constant

indicating the share of government consumption in value added. To this end we impose:
gt = Z;fk Gt

where ¢; is an exogenous stationary stochastic process. This assumption ensures that gov-

ernment purchases and output are cointegrated. We impose the following law of motion for

gt i1
In{= ) =p;In (—) + €54
(9) “\ 9 ot

The government issues money given in real terms by m; = m + fol mf;dz'. For simplicity, we

gt

assume that government debt is zero at time zero and that the fiscal authority levies lump-
sum taxes, 7; to bridge any gap between seignorage income and government expenditures,
that is, 7, = g, — (my — my_1/m). As a consequence, goverment debt is nil at all times.

We postpone the presentation of the monetary policy regime until after we characterize

a competitive equilibrium.

1.4 Aggregation

We limit attention to a symmetric equilibrium in which all firms that have the opportunigy to
change their price optimally at a given time choose the same price. It then follows from (4)
that the aggregate price index can be written as P/~ = a(P_17X )" + (1 — a)P}".

Dividing this expression through by P!~" one obtains
L=om "' mG" + (1 -a)p " (34)

1.4.1 Market Clearing in the Final Goods Market

Naturally, the set of equilibrium conditions includes a resource constraint. Such a restriction
is typically of the type F(k¢, zthe) —¥2f = ci[1+0(ve)] + o+ Y3 it + a(ug)ky]. In the present
model, however, this restriction is not valid. This is because the model implies relative price
dispersion across varieties. This price dispersion, which is induced by the assumed nature
of price stickiness, is inefficient and entails output loss. To see this, consider the following

expression stating that supply must equal demand at the firm level:

F ki, zhig) — b2y = {[L+ €(v)]er + g0 + Lo ie + alug) k) } (%) : .
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Integrating over all firms and taking into account that (a) the capital-labor ratio is common

across firms, (b) that the aggregate demand for the composite labor input, k¢, satisfies

1
w:/mm,
0

and that (c) the aggregate effective level of capital, u;k; satisfies

1
Ut kt = / k‘itd'l.,
0

we obtain

k 1 P, -n
ShdF (2 —wﬁ:{u+amm+%+Tfm+amm§/’-i di.
Zt h’t 0 Pt

Py
1 -n
F)it) .
S = — di
' /0 (B

~\ 7 ~ -n ~ -n
P, P} P_om}  mX
= (-a) ) +-a)a| ) 4 (1-a)e? | 22T T2 )
t Pt Pt

-
Let s, = fol <&> di. Then we have

Summarizing, the resource constraint in the present model is given by the following two

expressions
Fughy, zhf) — z; = {1+ L(v)]ee + ge + T i + alu) k] } sy (35)
and ;
_ ~—n T
si=1—a)p, " +a (T) St—1, (36)
T 1

with s_; given. The state variable s; summarizes the resource costs induced by the inefficient
price dispersion featured in the Calvo model in equilibrium. Three observations are in order
about the price dispersion measure s;. First, s; is bounded below by 1. That is, price

dispersion is always a costly distortion in this model. To see that s; is bounded below by 1,

15



let v; = (Py;/P;)'™". It follows from the definition of the price index given in equation (4) that

n/(n—1) _
[fol vit} = 1. Also, by definition we have s, = fol UZ/ =D Then, taking into account
n/(n—1) _
that n/(n — 1) > 1, Jensen’s inequality implies that 1 = [fol Vit < 01 UZ/(" V=,

Second, in an economy where the non-stochastic level of inflation is nil (i.e., when 7 = 1)
or where prices are fully indexed to any variable w; with the property that its deterministic
steady-state level equals the deterministic steady-state value of inflation (i.e., w = 7), then
the variable s; follows, up to first order, the univariate autoregressive process §; = as;_1.
In these cases, the price dispersion measure s; has no first-order real consequences for the
stationary distribution of any endogenous variable of the model. This means that studies that
restrict attention to linear approximations to the equilibrium conditions are justified to ignore
the variable s, if the model features no price dispersion in the deterministic steady state.
But s; matters up to first order when the deterministic steady state features movements in
relative prices across goods varieties. More importantly, the price dispersion variable s; must
be taken into account if one is interested in higher-order approximations to the equilibrium
conditions even if relative prices are stable in the deterministic steady state. Omitting s;
in higher-order expansions would amount to leaving out certain higher-order terms while
including others. Finally, when prices are fully flexible, « = 0, we have that p, = 1 and
thus s, = 1. (Obviously, in a flexible-price equilibrium there is no price dispersion across
varieties.)

As discussed above, equilibrium marginal costs and capital-labor ratios are identical
across firms. Therefore, one can aggregate the firm’s optimality conditions with respect to

labor and capital, equations (25) and (26), as

(37)

R, —1
mce 2 o (ugky, Zthg) = Wy ll +r= }

Ry

and
mCtFl (Utkt, Zthil) = T’f. (38)

1.4.2 Market Clearing in the Labor Market

It follows from equation (32) that the aggregate demand for labor of type j € [0, 1], which
we denote by hl = fol hl,di, is given by

_ i\ "
hi=<%> A, (39)

16



where h{ = fol h;di denotes the aggregate demand for the composite labor input. Taking
into account that at any point in time the nominal wage rate is identical across all labor

markets at which wages are allowed to change optimally, we have that labor demand in each

i =\
he = (ﬁ) he.
Wt

Combining this expression with equation (39), describing the demand for labor of type

of those markets is

j €10,1], and with the time constraint (6), which must hold with equality, we can write

o ~ < * . 5
hy = (1-— &)hg st (VVt_s Hk:l({;; Titk—s—1) ) |
s=0 t

o -
Let s =(1—a)) —,a° (Wt*snk:l(“j&:m”*“l)x) . The variable 5; measures the degree of

wage dispersion across different types of labor. The above expression can be written as

The state variable §; evolves over time according to

@) () (e @

We note that because all job varieties are ex-ante identical, any wage dispersion is inefficient.
This is reflected in the fact that s; is bounded below by 1. The proof of this statement is
identical to that offered earlier for the fact that s; is bounded below by unity. To see this, note

Wi
the number of hours supplied to the market, h;, larger than the number of productive units

—ij
that 5; can be written as 5, = fol (W"t) di. This inefficiency introduces a wedge that makes

of labor input, h¢. In an environment without long-run wage dispersion, the dead-weight
loss created by wage dispersion is nil up to first order. Formally, a first-order approximation
of the law of motion of §, yields a univariate autoregressive process of the form §;, = @s;_1,
as long as there is no wage dispersion in the deterministic steady state. When wages are
fully flexible, @ = 0, wage dispersion disappears, and thus s; equals 1.

It follows from our definition of the wage index given in equation (33) that in equilibrium

the real wage rate must satisfy

) ) ) . X\ L
w = (1 - &)@+ awl] (L = Ti1) ) . (42)
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Aggregating the expression for firm’s profits given in equation (24) yields
by =y — ik — wihd — (1 — Ry Hwhl. (43)
In equilibrium, real money holdings can be expressed as
m; = m)' + vw.hy, (44)
and the goverment budget constraint is given by
Ty = gt — (mt - mt—l/ﬂ't)- (45)

1.5 Competitive Equilibrium

A stationary competitive equilibrium is a set of stationary processes uy, ¢;, hy, iy, ki1, vy,
mh, my, Mo, T, Wy, i, G, TF, @0y fLFR W, hE yp, mcy, ), 22 Py, Sy, 8, and 7 satisfying (7),
(8), (10), (12)-(21), (28)-(30), (34)-(38), and (40)-(45), given exogenous stochastic processes
{gt, 2z, Ti}72,, the policy process, Ry, and initial conditions ¢_q, w_q, s_1, §_1, 7_1, i_1, and
ko.

2 Complete Set of Equilibrium Conditions

-1
_ G
Vy = m—?
Uc(Ct — th_l, ht> — bﬂEtUC(CH_l — th, ht+1) = )\t[l + g(’Ut) + ’Utgl(Utﬂ
A
—Uh(Ct — bep—, ht) = tht’
Mt

M@ = BE A1 [Tf+1ut+1 - Tt_—i-lla(ut—i-l) + (1 — 5)} )

. . . . 2 .
7 ) 7 7 7
T = A {1 - s(.—t) - (—) 3(—)} BB A (i) 3(?41)
-1 -1 -1 (7 (7

A
20'(vy) = 1 — BB,
Utf(vt) & t)\tﬂtﬂ

ry =" a (uy)

1 — f] —1 W )\ ﬂ ! hd 4 &ﬁE T+1 (s wt-ﬁ-l - fl
t 1;} tN\t IZ}t t t (/,LZ*Wt))Z 'I,Z]t t+1»
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7 - 7
2 _ wy d | ~ Tyl Wit 2
fi=—Un (wt) hy + aBE; (7(%*7”)5() ( o, ) t+1
ftl = ft2-

A
>\t = 6RtEt as

Tg41

ye = e[l 4 (ve)] + ge + ;i + a(ug) k]

1 ~—n—1 Aevl - —n—1 7T§< - 1
Ty = YCyPy + aﬂEt)\—(pt/ptH) Typq
t Ti+1

- P X 1-n P -n
x; = yp, " + aBE, ;\: <7th—1) ZT; 55?+1

nwy = (n — 1)a;
1=ar 'm0 4 (1 — a)pi ™.

Fughy, zhf) — z; = {1+ L(v)]ee + ge + T i + alu) ki) } sy

~—n Tt !
si=(1—a)p,"+a|— Si_1

T

Ry —1
mctthg(utkt, Zthf) = Wt |i1 +v i :|

Ry

mc, Fy (uky, Zthf) = Tf
htzgthg
~ N\ 1 =1 7
() +o(5) () =
Wy Wy (praem1)X

) _ ) . X\ 1
w = (1 &)@ + aw ] <7(“Z 77?‘1) )
t

b1 =y — Thugky — wihi — v(1 — R )wh
my = m? + l/wthf
m(l=R )+ 7 =g

hier
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2.1 Functional Forms
We use the following standard functional forms for utility and technology:

1—¢:
[(ct b )T (1= h)*| -1

L — o3

F(k,h) = k'n°,

U=

The functional form for the investment adjustment cost function is taken from Christiano,
Eichenbaum, and Evans (2005).

. . 2
()5 (w)
1t 2 \ i1

where pi; is the steady-state growth rate of investment. Following Schmitt-Grohé and Uribe

(2004) we assume that the transaction cost technology takes the form

ﬁ(v) = ¢1’U + ¢2/U - 2\/ (Z51¢2. (46)
The money demand function implied by the above transaction technology is of the form

vy = 9
o ¢ R

2_¢2+iRt_1

Note the existence of a satiation point for consumption-based money velocity, v, equal to
\/W . Also, the money demand has a unit elasticity with respect to consumption expen-
ditures. This feature is a consequence of the assumption that transaction costs, cf(c/m), are
homogenous of degree one in consumption and real balances and is independent of the par-
ticular functional form assumed for £(-). Further, as the parameter ¢ approaches zero, the
transaction cost function £(-) becomes linear in velocity and the demand for money adopts
the Baumol-Tobin square root form with respect to the opportunity cost of holding money,
(R—1)/R. That is, the log-log elasticity of money demand with respect to the opportunity
cost of holding money converges to 1/2, as ¢ vanishes.
The costs of higher capacity utilization are parameterized as follows:
aw) = n(u—1)+ Su—1)%

CCE estimate the ratio of 75 /71.
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2.2 Equilibrium Conditions for written with the specific func-

K 7 2
A
2 (it_l ’”) ]

Ct
V¢ = —5
my

tional forms

kivr = (1 —0)k + iy

(]_ - ¢4)(Ct — bct_l)(1_¢3)(1_¢4)—1(1 _ ht)¢4(1_¢3)
—bBE(1 — ¢u)(cipr — be) P00 (1 — )04 0798) = AT 4 £(vy) + vl (ve)]

. )\t'UJt
it
Aty = BB [Tf+1ut+1 - T;rlla(utﬂ) + g1 (1 — 5)} )

KR it 2 it ’it
1- o\ ur| —\— K| — — U
Tt—1 1—1 -1
i1\ (i
t t
+BE N +14141 (L) K (; - MI)
¢ (2

A
vl (v) =1 — BB

)\t7Tt+1

= )

flz n—1 D\ wy ﬁhd+dﬁE 41 - Wyt - 1
U )T ) T (e )t @ )

ba(c; — bct_l)(1—¢3)(1—¢4)(1 — ht)¢4(1—¢3)—1

Tt_l)\t = Nt

f2 _ [¢4(Ct . bct_l)(1_¢3)(1_¢4)(1 _ ht)¢4(1—¢3)_1] wy nhd—l—dﬁEt Ti4+1 i n Wi nf2
t wt t (,uz*ﬂ-t>x wt t+1
ftl = .ft2'
A
>\t = 6RtEt Az
Tt41

yr = L+ L(v)] + ge + T i + alu) k)

1 -1 Mt s s v (TN
Ty = YIMCePy + aBE; h\ (Dt/Prs1) L1
t

. A AN/ 5, N7
x? =yp, ' + afE, v < t ) ~pt $§+1

Ay Tt+1
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nwy = (n — 1)z}
1=ar 'm0 4 (1 — a)pi™.

(uiks)’ (zh)' =0 =z = {1+ £(v)ler + g+ T i+ a(ug)ke] } se

~—n Tt !
si=(1—a)p,"+a|— Si_1
T
1
mctzt(l — 9) (utkt)e(zthf)_e = Wy |:1 + VRtR :|
t

mcté’(utkt)e_l(zthf)l_g = rf
ht == §th§l

(5) o () (o) s
- + o = St—1
wy wy (pemq)X

) _ ) . X\ 1
w = (1 &)@ + aw ] <7(“Z mio1) )

Tt
O =y — riuky — wihi — v(1 — Ry wihf
my = m? + l/wthf

mt(l —Rt_l) —I—Tt = Gt

2.3 Stationary Variables

This economy features two types of permanent shocks. Therefore, several variables such as
output and the real wage will not be stationary along the balanced growth path. We next

perform a change of variables so as to obtain a set of equilibrium conditions that involve
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only stationary variables. To this end let

Cy
C,=—
E3
“t
(5 (5
li = Y,z -
t<t Ttlfe 2
1
_,, 1=
Hit = ,uT,t Mzt
P Kty
t+1 — 1
ZtT 1—-6
h
m
h __ t
M = —
2t
my
M, ==
3
2t
Ay
At ==

Z;(1—¢3)(1—¢4)—1

_ Z?(1_¢3)(1_¢4)_1  (—ds)(1—ga)-1
Hae = o Tgs)ion -1 Hemt

t—1
w
Wt == —:
2t
Qt = TtQt
Ry = Tyrf
~ W
Wt - —:
2t
1
o
¢ o+ (1=¢4)(1—63)
t
2
e
¢ Z;(1—¢>4)(1—¢3)
v, =&
t -
G =2
t -
¢t - g:
2t
1
T
th = _i
2t
1
T
Xp==
2t
- Ty
Tt — —~
2

Variables that need not be transformed are: p;, u;, mcy, hy, hf, S¢, S¢, T
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2.4 Equilibrium Conditions in Stationary Variables

1 L 2
2 \ I, 1:UIt Kmr

a
7

K
Kt+1 — (1 - 5)—t + It
Hrt

Ve =

(1= ¢4)(Cy — pi- tth 1)(1 ¢3)(1— )_1(1 — ht)¢4(1—¢>3)
—bBE(1 — da) (= 44101 — th) ~#s){l=da)= (1 — hiy1) $1(1=¢3) — A1+ C(vy) + Utg/(vt)]

¢4(Ct . bﬂz—*ltct_l)(l—%)(l—%)(1 - ht)¢4(1_¢3)_1 _ Af;Wt
7 [t
ﬁMA t+1
M@y = E Avir [Rt+1ut+1 a(uer1) + Qe (1 — 5)} )

M t+1

15 (NI 1y B ,UI)2 _ <MI,tIt> . (Ml,t[t _ ,UI)
2 [t—l [t—l It—l

L\’ I
+BE; At Ap1Qiia (,UI t+1 IH) K (Ml7t+1tl—+1 - ,UI)
t

= Ny

MY t+1
Agpr 1
E' =1-pF .
('Ut) 54 tHA+1 A T
Rf = a/(ut)
F! n—1 W, A W ﬁhd + apFE, 41 - ,Uz*7t+1V~Vt+1 " L

== - _ — O{ ~ - ~ Z* 3
¢ 7 Y W, ¢ t (,uz*ﬂt)x W, BAg+1 Mz +14 11

w\"
= [04(Cr = b2 Coo) OO0 (L = )] (—) i+

Wi
Tt41 7 127 t+1Wt+1 ! 2
SBE _ z*, | - F
af t((uzmt)x) W, MA g1z t4-147 4
F! = F?.
A
ﬁRtEt/iA t+1 an
T41

Y = G+ 0(v)] + Gy + L + a(u)u; LK)
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X

—n
~—— A, A -~ o s

th = Yyme,p, -1 + OzﬂEti'u tj\l A (Pt/Dis1) " ! (th1) Nz*7t+lXt1+1
t +

A X 1-n ~ -n
X} = Y;ewnﬂLOéﬁEt'uMH AR < L ) —~pt for 411 X
At Tt4+1 Pi+1

77th = (77 - 1)th

1=amr~ 171'?((11 m oy (1-— a)ﬁi_”.

(g L) RS ™" — b = {[1+ €()|Cy + Gy + [I + a(u) Ko/ ]} st

T K
ss=(1—a)p; "+« Si_1

7Tt—1

_ R, —1
me,(1 - 0) (K /pur) b = W, [1 +v tR ]
t

— 1-6
mcte(uth/,uLt)e 1h,§l = Rf

~ -n = ~
- ~ W, ~ Wiy K Us ! ~
" (1 B a) (Wt> e (MZ*,tWt) <(NZ*7Tt—1)>Z> o

; - 3 ((pme )N\
W =1 —a) W+ a(Wy_y ) paae )7 (7—)

®, =Y, — Riw, K /pure — Wih{(1+v(1 — R Y)
M, = M]" + vW;h
M,(1 = R;Y+7/2f =G,
Krg = Hreflzx ¢t

—$3)(1—¢ps)—1
g = P

%

_ ,,1-0
,uz*,t - ,U/T¢ ,U/z,t

z A
,uz,t = —t and ,U/z,t = ln(ﬂz,t/,uz))
Zt—1

flzp = puz,&z,t—l + €.t with €zt ™ (O> Uiz)
Hre = T:/Y,1 and iy = ln(MT,t/MT)
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Calibration

The equilibrium conditions in terms of stationary variables listed above contain 30 equations
(not counting the law of motion of the exogenous variables) and 30 variables (again not
counting the exogenous variables or the policy variable R;): (uy, K;11,Cy, Iy, 8¢, hy, hf, Uy,
Mth, Ay, We, g, @y, Rf, Egl, Ff, T, Wt, Y, th, Xt27 mcy, Pr, St; P, My, Tey frg, pPae, Mzt
In addition, the equilibrium conditions feature 20 parameters (¢1, @2, @3, G4, V1, V2, 0, K, b,
B, 6,1, &, m, , Xy X ¥, Vs fir)-

Finally, the three exogenous processes involve 9 further parameters: ji., py, G, 0., Opuy,
Og5 Puzs Puxs Pg -

This means that in order to obtain values for the steady-state levels of all variables and
for the deep structural parameters, we need to impose 30 restrictions.

We take most parameters from ACEL. But not the baseline case, rather the one in which
they impose that the product markup is 20 percent.

The exogenous stochastic process is calibrated in ACEL as
py = 1.0042

1, = 1.00213

Note what they in fact calibrate is: py = y;/y,—1 = 1.0045 and then they use i, = MGT/(I_G),uz.

I believe that the paper has a typo, it says p, = 1.00013. The standard deviations and serial

correlations are estimated.

o, = 0.0007
o = 0.0031
Pp, = 0.89
Pur = 0.20

The process for government purchases is taken from Christiano and Eichenbaum (AER,
1992)
pg = 0.96

o4 = 0.020

G/Y =0.17 own estimates
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Following CEE and ACEL we assume that in the competitive equilibrium steady state:
U=1
Discount factor (ACEL calibrate 1.0371/4)
BETTA =1.031/4
Capital share (ACEL calibrate this)
THETA = 0.36
Reciprocal of intertemporal elasticity of substitution (ACEL assume from the start logarithm

utility in consumption)
PHI3=1

Labor elasticity of subst (CEE and ACEL calibrate this)
ETATIL =21

Goods elasticity of substitution (CEE, value estimated; note in ACEL they estimate a
much smaller value, because of firm specific stuff, but we stick to a 20 percent markup, so

we do their high markup Ay = 1.2 case)
ETA=6

Degree of price stickiness (as estimated in CEE) (Note that ACEL impose full indexation,
in the case of high markup and homo capital their estimates imply an « of 0.8, which I judge
to be too high, so I go with the old CEE estimate)

ALFA =056
Degree of wage stickiness (as estimated in ACEL)
ALFATIL = 0.69
Degree of habit formation (as estimated in ACEL)

B = 0.69;
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Capital adjustment cost (as estimated in ACEL, in CEE they find 2.48)
KAPA = 2.79;

Following CEE and ACEL we set the fixed cost parameter so that in the steady state of

the competitive economy profits are zero.
Profits =0=Y — RFuK/pu; — Whe —v(1 — R™H)Wh?
Quarterly depreciation rate: CEE (and ACEL) set
0 =0.025

We draw from the estimates reported in ACEL to assign values to the following capacity

utilization parameters:

2 _ 146

gt
Degree of wage indexation (assumed in CEE and ACEL)

CHITIL =1

We use
= 1.042"14

but ACEL and CEE calibrate the money growth rate.
Degree of price indexation (taken from Cogley and Sbordone and LOWW)

CHI=0
Share of household money in total money (own estimate).
SMH =0.44
M1/GDP. Sample: 1959:1-2004:3. Source: GDP NIPA and M1 FRB. Produced with

mlgydp.m
SM = 0.1695 * 4;
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Annualized inerest rate semielasticity of money demand (ACEL)

191n(m")

Emh7R = ZW = —0.81

We assume that p; that appears in the investment adjustment cost function is the steady

state value, so that in steady state adjustment costs are nil.

fiT = fix fho

Finally, the Frisch elasticity of labor supply in ACEL is 1. To have this in our model we
need to set
H=05
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2.5 Nonstochastic Steady State

We used 4 equilibrium conditions to eliminate ji;, ¢y, m”, and 7.

1=K (1-%2)
K
C

v=ur

(1= @a)[C(1 = b/ ps)] 10000 =H(L — p)1=0) (1 — bpy) = AL+ £(v) + vl (v)]

Q =S [Rru—a(u) + Q(1 - )]
Q=1
v (v) = 1= Buaz
RF = a/(u)
FY 1= @B (paem) 00D ] = ("——1> WA (%)ﬁhd

n

F2 1= 6B () 0 up 1] = [64(C — bl C)(-02)1=00) (1 — p)sa(i=6s)-1] (

Fl— 2
R~ = Buas
Y =C[1l+ L)+ G+ [ +a(u)u; K]
X' (1 = afpar= ", ) = Ymep
X? (1 — agluAﬁ(x—l)(l—n),uz*) =Yp"
nX'=(n-1)X
1= an D0 4 (1 —a)p, "

(upy ") 0 = = {[1 4+ £(0)]C + G + [ + a(u) K/} s

s=(1—a)p+ar s
me(L = 0) e, g B~ = W, [1 4 v
InCH(UK//JJ)G_lhdl_G _ Rk
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3 Finding the steady state from the calibration restric-

tions when ¢3 = 1:

3.1 Steady State 1:

At this pOth we know: u, ha ¢3a 72/71) 9) K, b7 /67 57 777 da n, & X, >~<7 Hzy Y5 Opzs Opys Og,

Puzs Purs Pg-
We need to find ¢q, @9, ¢4, V1, V2, ¥, v, s, G, and the remaining endogenous variables

Yo = % XM
Y = RFuK/pur + Whi(1+v(1 — R71)) (%)
ﬁhwm =SMH ( * %)
w =SM (% * )

€ np=—1_1
m™"R ™ "8 R(¢s R+R—1)
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(1= ¢a)[C(1 = pz'b)] =9 Um0 (1 — p)0a0=09) (1 — b3pp) = A[1 + ((v) + vl (v)]
Q= % [Rku —a(u)+Q(1 — 5)}
Q=1
v= %jtﬁ(l—R—l)
RN =d(u) = +72(u—1)
FU1 = aB(peem) 00D g | = ("%) WA (%)n he

P2 — &ﬁ(uz*ﬂ)“‘*)ﬁumz*] — [pa(C — b C)A=9)(1=0a) (1 — h)¢>4(1—¢>3)—1] <%>ﬁ hd

F1:F2
R= ;=

Y =C[1+£(v)] + G+ [I +a(u)u; ' K]
X' (1= afpuar=0y,.) = Ymep !
X2 (1 — agluAﬂ(x—l)(l—n),uz*) =Yp"
nX'=(n-1)Xx°
5= (1_M<n1><1x>>1/(1‘")

(1—a)

(up KO ™ = = {[1 + €()]C + G + [I + a(uw) K/ ]} s
s=(1—a)p "+ a7rt(1_X)"s
me(l = 0) (uek/pr) b~ = W [1+ v
mef(uk /)0~ 1hd' ™" = RE
h = 3h

S A —X)ii o\

S [1 - a(,uz*w)(l x)n] =(1-@) <%)

(&) _ <1—&(uz*7r)(>z1)(177))1/(1—77)
W) 1-a)

Using equations (*), (**), (***), and (****), and it follows that

. sm(1—smp)
v= 1—9_5m(1_5mh;(1_1/R)

3.2 Steady State 2 :

At this pOint we know: u, h7 ¢37 72/717 97 R, b7 67 67 ﬁv 557 n, &, X, )27 Mz, U, O-,Ufz7 U,an 097

Puzyr Puxs Pgy Vs HI- KA, Qa ﬁv R.
I still need: @1, @2, ¢u, 1, V2, ¥, , G,
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k
s == 1K (4

—
T2 =50 XN

Y = RFuK /pur + Whi(l +v(1 — R7Y)) (xx)
#hwm =SMH (5 s %)
7M}L+;th =SM (3 * k)
by = (—8R6mh’g)’1+1—R
[=K (1 - %‘”)
0= &

(1= ¢a)[C(L = pz0)] 7" (1= 0Bpua) = AL+ £(v) + vl (v)]
RF = £ (1 —9)

RF =1 +7(u—1) )
FU 1= GB(peem) 00D ] = (1) WA () e
F2 [1 = &B(jeem) g ] = [6a(1 = h) 7Y (%)ﬁ he
Fl — F2
Y =C[1+ L)+ G+ [I +a(u)p; K]

_ P(=D)[1—oBunap» 7n(1-x)]
N[l—aBup px X =D A=)

(u,ul_lK)ahdl_e -1 =Ys

(1-a)p™"
1—am(1—2)n

mc

S =

me(L = 6) (e, g B = W, [1 4 )
mef(uK /)’ b = R
h = 5h?

(1—@)(%)7’7
1—a(p,* 7r)(1*>~<)’7]

=T
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3.3 Steady State 3 :

—
T2 =50 XN

Y = RFuK/ur + Whi(l1+v(1 — R™Y)) (xx)
1=k (1-22)
=
(1= ¢0)[C(1 = pz'0)] 71 (1 = bBpa) = AL + €(v) + vl'(v)]
v = ﬁﬁ

M =R —yu—1)

FU[1— G (paem) 700D ] = (7771) WA (%)” hd

) . i
F2 (1= G () OTpagee] = [oa(1 = 1)) (&) 0

Fl — F2
Y =C[1+ L)+ G+ [I +a(u)p; K]
(u,ul_lK)ohdl_e —1=Ys
mc(l — 9)(Uth//JJ[,t)€h§l_9 = Wt [1 + V%}

1/(6-1)
K = /JJ/U <1’I1R—29) hd

d_h
h= 3
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3.4

3.5

3.6

Steady State 4:

2

V2= XM

Y = RFuK /pr + Whi(1 + v(1 — R71))

1=K (1-%2)

Hr

2
¢] = v
U~2 2% —, 1-G/Y—-I/Y

SmhSm

(1= ¢2)[C(L = pz'0)] 7" (1 = 0Bua) = AL+ £(v) + vl (v)]

. G+H[I+a(u)p; ' K]-Y
¢ e

Y= (u,ul_lK)ehdl_e —-Ys

W =mc(1 — ‘9)(Uth//~LI,t)9hg_9 [1 + V%:l]

Steady State 5:

A _ [CO=p o)t (1-bBua)
(I—¢a) [1+£(v) ot (v)]

14A7

[1_&6(1"2*W)(lii)(ﬁil)lh\uz*]

- * T (A=x)71 * = ~
by = A where A = 80T e (ﬁ[( ) )W

Knowing all structural parameters:

Suppose we know the steady state value of the policy instrument, that is, R;, and also all

structural parameters, that is, we have numerical values for: o, puy, @3, ¢a, prox, b, B, pa, py

. Then for a given value of R we can find the steady state as follows: Note that in steady

state u = 1 regardless of the value taken by the nominal interest rate. This is because v,

was chosen such 1 = Bup/pr[y + 1 — 0]
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3.7

Steady State 1 for ¢35 =1

Y=Cl+{v)]|+G+1
p-1 (1—a6uA7r*<X*1)nuz*)
n (1—05/6/1/[\7'(()(71)(17")”2*)

(1 apieba—y \ VA
p‘( ) )

mc =p

(up; 'K R0 = = {[1 4+ £(0)]C + G + [ + a(u) K/ i} s

(I—a)p™"
1—047'('(1*)()7]

S =

W — mc(1-0)(us K¢ /he/pr.+)?

[+
( wK ) _ ( R+ 1/(6-1)
i) = (i)
h = 3h?
()

5= [1=a(pam) 1307

W\ [ 1—a(uaem) & 000\ /1=7)
<W) B ( (1-a) )
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3.8 Steady State 2

1 1-64 ) [(7-1 (1-bBun) [1—aB(psm) 0T g W\
¢=0a h)< ¢4 ) ( g ) ((1—u;£b)[1+e(v>+ve’(v)}) ([1—&ﬁ(uzm><1*)mez*] =A(l—h)

et (1maBuar gL
mc = pT (l—aﬁ,u/\w(xfl)(l*’?),uz*)

< K )9hd_¢:{[1+£(v)]C+G+I}S

prhd

W — MC(1-0)(us K¢ /h?/ur,+)°

[+
h = §hd
W=w
3.9 Steady State 3
V=g
0
(750) 0t = {1 @) AQ — 80 + G 1t () (s~ 1+9)} s

Write the last equation as:

Bih® — 4 = By(1 — 5h%) + sG + Bsh?

K 0
B = 2
' (thd)

By = s[1 + ((v)]A
By:s(KT)Qu—l+®

prhd

where

Solve for h®

jd _ BatsGiu
[B1+B25—B3]
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