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Abstract

How important are financial and labor market frictions for the business cycle dy-
namics of a small open economy? What are the quantitative effects of increased fi-
nancial risk on output and inflation? What drives the variation in the intensive and
extensive margin of labor supply? What are the spillover effects of financial market
disturbances to unemployment? In order to address these questions we extend the
small open economy model presented in Adolfson, Laséen, Lindé and Villani (2008) in
two important dimensions. First, we incorporate financial frictions in the accumula-
tion and management of capital similar to Bernanke, Gertler and Gilchrist (1999) and
Christiano, Motto and Rostagno (2007). Second, we include the search and matching
framework of Mortensen and Pissarides (1994) and Gertler, Sala and Trigari (2009)
into a small open economy model. We make a theoretical contribution by incorporat-
ing endogenous job separiation in this rich framework. Finally, we estimate the full
model using Bayesian techniques and illustrate the importance of the various frictions.
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1. Introduction

How important are financial and labor market frictions for the business cycle dynamics of a
small open economy? In particular, what are the quantitative effects of increased financial
risk on output and inflation? Furthermore, what drives the variation in the intensive and
extensive margin of labor supply respectively? Moreover, what are the spillover effects
of financial market disturbances to unemployment in a small open economy? In order to
address these questions we extend the small open economy model presented in Adolfson,
Laséen, Lindé and Villani (2005, 2007, 2008) in two important dimensions.

First, we incorporate financial frictions in the accumulation and management of capi-
tal similar to Bernanke, Gertler and Gilchrist (1999) and Christiano, Motto and Rostagno
(2003, 2007). The financial frictions we introduce reflect fundamentally that borrowers and
lenders are different people, and that they have different information. Thus, we introduce
‘entrepreneurs’. These are agents who have a special skill in the operation and manage-
ment of capital. Although these agents have their own financial resources, their skill in
operating capital is such that it is optimal for them to operate more capital than their own
resources can support, by borrowing additional funds. There is a financial friction because
the management of capital is risky. Individual entrepreneurs are subject to idiosyncratic
shocks which are observed only by them. The agents that they borrow from, ‘banks’, can
only observe the idiosyncratic shocks by paying a monitoring cost. This type of asymmetric
information implies that it is impractical to have an arrangement in which banks and en-
trepreneurs simply divide up the proceeds of entrepreneurial activity, because entrepreneurs
have an incentive to understate their earnings. Entrepreneurs who suffer an especially bad
idiosyncratic income shock and who therefore cannot afford to pay the required interest, are
‘bankrupt’. Banks pay the cost of monitoring these entrepreneurs and take all of their net
worth in partial compensation for the interest that they are owed.

In the model, the interest rate that households receive is nominally non state-contingent.
This gives rise to potentially interesting wealth effects of the sort emphasized by Irving Fisher
(1933). For example, when a shock occurs which drives the price level down, households
receive a wealth transfer. Because this transfer is taken from entrepreneurs, their net worth
is reduced. With the tightening in their balance sheets, their ability to invest is reduced,

and this produces an economic slowdown.

Second, we include the labor market search and matching framework of Mortensen and
Pissarides (1994), Hall (2005a,b,c), Shimer (2005a,b), Gertler and Trigari (2009, henceforth
GT), Gertler, Sala and Trigari (2008) and Christiano, Ilut, Motto, and Rostagno (2007)

into the small open economy model. We integrate this into our specific framework - which



includes capital and monetary factors - following the labor market version of Gertler, Sala
and Trigari (2008) (henceforth GST). A key feature of the GST model is that there are wage-
setting frictions, but they do not have a direct impact on on-going worker employer relations.
However, wage-setting frictions have an impact on the effort of an employer in recruiting new
employees In this sense, the setup is not vulnerable to the Barro (1977) critique of sticky
wages. The model is also attractive because of the richness of its labor market implications:
the model differentiates between hours worked and the quantity of people employed, it has
unemployment and vacancies.

The labor market in our model is a modified version of the GST model. GST assume
wage-setting frictions of the Calvo type, while we instead work with Taylor-type frictions.
In addition, we adopt a slightly different representation of the production sector in order to
maximize comparability with our baseline model.

An important step forward is that we allow for endogenous separation of employees from
their jobs. This has been done earlier, e.g. by den Haan, Ramey and Watson (2000), but not
in a rich monetary DSGE model. The importance of time-varying separation rates is strongly
motivated by empirical evidence, although for the U.S., by Fujita and Ramey (2007). For
an analysis that focus entirely on the labor market and more fully document job separation
in this type of model see Christiano, Trabandt and Walentin (2009).

In the baseline model, the homogeneous labor services supplied to the competitive labor
market by labor retailers (contractors) who combine the labor services supplied to them
by households who monopolistically supply specialized labor services. The modified model
dispenses with the specialized labor services abstraction. Labor services are instead supplied
to the homogeneous labor market by ‘employment agencies’.

Each employment agency retains a large number of workers. At the beginning of the
period a fraction of workers is randomly selected to separate from the firm and go into
unemployment. Also, a number of new workers arrive from unemployment in proportion
to the number of vacancies posted by the agency in the previous period. After separation
and new arrivals occur, the nominal wage rate is set. Then idiosyncratic shocks to workers’
productivities are realized and endogenous separation decisions are made. A nice feature
of this modelling is the high degree of symmetry with the modelling of entrepreneurial
idiosyncratic risk and bankruptcy.

The nominal wage paid to an individual worker is determined by Nash bargaining, which
occurs once every N periods. Each employment agency is permanently allocated to one
of N different cohorts. Cohorts are differentiated according to the period in which they
renegotiate their wage. Since there is an equal number of agencies in each cohort, 1/N of
the agencies bargain in each period. The wage in agencies that do not bargain in the current

period is updated from the previous period according to the same indexing rule used in our



baseline model. The intensity of labor effort is determined by equating the worker’s marginal

cost to the agency’s marginal benefit.

In addition to the main two new features described above, we integrate the following
other new features into the model compared to Adolfson, Laséen, Lindé and Villani (2005,
2007, 2008): imported goods are directly used for export production, unit-root investment
specific technological progress, working capital loans for all monopolists, possible price and
wage dispersion in steady state, capital tax timing and allowances as well as the specification
and estimation of a VAR that represents the foreign economy. These new features turn out
to be useful when taking the model to the data.

We estimate the full model which contains the financial frictions as well as the and labor

market frictions with Bayesian techniques.

The paper is organized as follows. In section 2 we describe the baseline small open
economy model. Section 3 introduces financial frictions while section 4 incorporates labor
market search and matching frictions into the model. Section 5 contains the estimation of
the full model which include both financial and labor market frictions. Finally, section 6

concludes.

2. The Baseline Small Open Economy Model

This section describes an extension of the model presented in Adolfson, Laséen, Lindé and
Villani (2005, 2007, 2008) (henceforth ALLV), and presents a way to introduce financial
frictions and search and matching in the labor market. Our baseline model makes some
changes on the ALLV model:

e Exports are produced by using homogeneous imported goods in addition to homoge-

neous domestically produced goods.

e The price of investment goods is treated as a random variable with a unit root. Thus,
growth in the model is driven by two independent unit root processes, one for neutral
technology shocks and the other for technology shocks in the production of investment

goods.

e Capital maintenance costs are deducted from capital income taxes, and physical de-

preciation is deducted at historic cost.

e The capital income tax rate is realized at the time the investment decision is made,

not at the time when the payoff on investment is realized.



e Wages are indexed to the steady state growth rate of the economy, rather than to the

current realization of technology shocks.
e All producers of specialized goods are assumed to require working capital loans.

e We allow for partial price and wage indexation which implies price and wage dispersion

in steady state.

e The VAR that represents the foreign economy is estimated jointly with all other para-

meters in the Bayesian estimation.

2.1. Scaling of Variables

We adopt the following scaling of variables. The nominal exchange rate is denoted by S; and

its growth rate is s; :
St

T St

The neutral shock to technology is z; and its growth rate is p, , :

St

Zt

- :uz,t'
Zt—1

The variable, ¥,, is an embodied shock to technology and it is convenient to define the

following combination of embodied and neutral technology:

(a3
+ _ 11—«
z = W%z,

floey = fyf Hage (2.1)

Capital, K;, and investment, I,, are scaled by z;"¥,. Foreign and domestic inputs into the
production of I; (we denote these by I and I}™, respectively) are scaled by z;". Consumption
goods (C™ are imported intermediate consumption goods, C? are domestically produced
intermediate consumption goods and C; are final consumption goods) are scaled by z;'.
Government consumption, the real wage and real foreign assets are scaled by z;. Exports
(X[" are imported intermediate goods for use in producing exports and X; are final export
goods) are scaled z. Also, v; is the shadow value in utility terms to the household of
domestic currency and v, P; is the shadow value of one consumption good (i.e., the marginal
utility of consumption). The latter must be multiplied by z; to induce stationarity. P, is the
within-sector relative price of a good. w; denotes the ratio between the (Nash) wage paid
to workers W, and the “rental rate of homogenous labor” W, in the labor market model.

Finally, the expected discounted future surplus of a match to an employment agency, D{ is



scaled like most other nominal variables. Thus,

7 d m
kiy1 = @, _t+1:@> i?:I_ia it:f—t, Z';n:]%r
z Wy 2 Wy 2z 2 Wy 2
c o C} Gy W, SiAY
' = _t+>?:_iact:_+agt:_+awt:+—a@t5 tia
2 2 2 2 2z Py Pz,
x;n = X_jT_n7 'rt:{_ia wszt:UtPtZ:_? (yt :)gt:zj_7 ﬁtzﬂ7 wt:%v Dj+ ED—g
2z 2y ’ 2z P, W, T Pt

We define the scaled date t price of new installed physical capital for the start of period ¢+ 1

as py+ and we define the scaled real rental rate of capital as 77 :
Pit = VP4, ff = \I/trf.

where Py ; is in units of the domestic homogeneous good. We define the following inflation

rates:
c *
o Pt ¢ — Pt TF = Pt
- ) t c t * )
P Py By
7 X m,]
ﬂ_i o Pt ﬂ_sc o Pt 7]_m,j Pt
t R t x ) t - m,j
Ptfl Ptfl Pt—l

for j = c,x,i. Here, P, is the price of a domestic homogeneous output good, Pf is the
price of the domestic final consumption goods (i.e., the ‘CPI’), P} is the price of a foreign
homogeneous good, P/ is the price of the domestic final investment good and P? is the price
(in foreign currency units) of a final export good.

With one exception, we define a lower case price as the corresponding uppercase price
divided by the price of the homogeneous good. When the price is denominated in domestic
currency units, we divide by the price of the domestic homogeneous good, P,. When the
price is denominated in foreign currency units, we divide by F;, the price of the foreign
homogeneous good. The exceptional case has to do with handling of the price of investment

goods, P{. This grows at a rate slower than P;, and we therefore scale it by P;/¥;. Thus,

m,T Ptm’m m,c Ptm7c m,i Ptmﬁ
3 — [ S— - 2.2
pt Pt ) pt R ) pt _Pt Y ( )
r F)tx c PtC i ‘I’tf)tz
pt - Pt* 9 pt - Pt 9 pt - Pt N

Here, m, j means the price of an imported good which is subsequently used in the production
of exports in the case j = z, in the production of the final consumption good in the case of
Jj = ¢, and in the production of final investment goods in the case of j = i. When there is
just a single superscript the underlying good is a final good, with j = x, ¢, corresponding

to exports, consumption and investment, respectively.
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We denote the real exchange rate by ¢ :

S Py

= ) 2.3
qt Pr ( )

2.2. Production of the Domestic Homogeneous Good

A homogeneous domestic good, Y;, is produced using
1 % >\d,t
Y, = {/ Y, dz} , 1< Mgy < o0. (2.4)
0

The domestic good is produced by a competitive, representative firm which takes the price
of output, F;, and the price of inputs, P, as given.

The i intermediate good producer has the following production function:
Yz‘,t = (ZtHi,t)lia GtKiOft - Zj@

where K;; denotes the labor services rented by the i intermediate good producer. Firms

must borrow a fraction of the wage bill, so that one unit of labor costs is denoted by
W.R],

with
Rl =vIiR +1-1], (2.5)

where W, is the aggregate wage rate, R; is the interest rate on working capital loans, and 1/{
corresponds to the fraction that must be financed in advance.
The firm’s marginal cost, divided by the price of the homogeneous good is denoted by
me;
d(_1 1= 1ye  ppye AT
() (@) (R) (Wth> «

_ 2.6
mcy Ztl_apt ( )

1 -« 1 a o/ 1-a 1
() ) e

where 7F is the nominal rental rate of capital scaled by P;. Also, 7¢ is a tax-like shock, which

affects marginal cost, but does not appear in a production function. In the linearization of

a version of the model in which there are no price and wage distortions in the steady state,

7¢ is isomorphic to a disturbance in A4, i.e., a markup shock.



Productive efficiency dictates that another expression for marginal cost must also be

satisfied:
cal W, Rf

"P,MPy,
L Wikl

t Pt €4 (]_ — Oé) Ztl_a (ki,tzj_l\ljt—l/Hi,t)

o of
w R
= Ttd (M‘I’,t) k'tt t _ (2.7)
€t (1 — Oé) (/’l’z:: f/Hi,t)

The *" firm is a monopolist in the production of the i* good and so it sets its price.

Price setting is subject Calvo frictions. With probability ¢, the intermediate good firm

cannot reoptimize its price, in which case,
— ns g Rd (=
Pz’,t = Wd,tpi,t—h T4t = (7Tt—1) (7Tt

where kg, 4, kq + 24 € (0,1) are parameters, 7, 1 is the lagged inflation rate and 7§ is the
central bank’s target inflation rate. Also, 7 is a scalar which allows us to capture, among
other things, the case in which non-optimizing firms either do not change price at all (i.e.,
7T = 74 = 1) or that they index only to the steady state inflation rate (i.e., ¥ = 7, 24 = 1).
Note that we get price dispersion in steady state if s¢; > 0 and 7 is different from the steady
state value of m. See Yun (1996) for a discussion of steady state price dispersion.

With probability 1 — &, the firm can change its price. The problem of the i domes-
tic intermediate good producer which has the opportunity to change price is to maximize

discounted profits:

o0

Ey E BJUHJ‘{PZ;HJ‘Y@',HJ‘ - m0t+jpt+jyz‘,t+j};

j=0
subject to the requirement that production equal demand. In the above expression, vy is
the multiplier on the household budget constraint. It measures the marginal value to the
household of one unit of profits, in terms of currency. In the profit function, we replace the

firm’s output with the demand function:

Ad
Pt Ag—1
Y, =Yy,
(Pi,t) t t
to obtain, after rearranging,
00 1 d —Ad
. Pit+' Ag—1 Pit+' Ag—1
E 53U-P-Y<(’J) —mc-(’] ,
tZ t+g 4 t+g t+J{ Pt+j t+j Pt+j }

J=0
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or,

> j 1_d Y
By Boe PoYer (X b)) ™ —meyy; (X)),
=0
where _ N
) ) Td,t+j5" " Td,t+1 .
Puri _ Xijpe, Xij = T T =0
Py ’ 7 1, g=0.

The *" firm maximizes profits by choice of the within-sector relative price p;. The fact that
this variable does not have an index, i, reflects that all firms that have the opportunity to

reoptimize in period t solve the same problem, and hence have the same solution. Differ-
Ad

+
entiating its profit function, multiplying the result by ;¢ ' , rearranging, and scaling we

obtain:
o

Ep Y (B8a) Avy [ X0y — Aamerys] = 0,

=0
where A, ; is exogenous from the point of view of the firm:

At+j = ¢z+,t+j?/t+th,j-

After rearranging the optimizing intermediate good firm’s first order condition for prices, we

obtain, .
i = E; Z;O:o (BEa)” Avrjramery B Etd
¢ = = ; = Tdr
E; Zj:() (ﬁgd)] AtJrthJ Ftd

say, where

o0

K! = E Y (8&) Arjhamer
j=0

F' = E Y (B&) AiXi;

J=0

These objects have the following convenient recursive representations:

) -
. T4, =24
Ey ¢z+7t?jt + < H_l) Bngt(il - Ftd =0
Tt+1
Mg T
_ 4, =24
By | Aath+ ygemer + 5y ( - t+1> Kf, - K| = 0.
t+1

Turning to the aggregate price index:

1 1 (1=Xa)
P = { / Pii_*ddil (2.8)
0

1

. e (1-Xq)
= |:(1 - fp) Pt e + 5p (ﬁd,tptfl) 1_)\d:|
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After dividing by P, and rearranging:

1
1— (M) 1=2a
gd Tt _ (]521) ﬁ .
1-¢&,
In sum, the equilibrium conditions associated with price setting are:!
~ =yl |
Tdt+1 | @
Ey |+ 4y + <i) ﬁngtui-l - Ftd =0
Tt+1 |
= \Th |
Tdt+1 \ 4
Ey | A+ yyemes + BE, ($> Kg—&-l - th = 0,
Tt41
1\ M 1;201
gy (B) : >
o ™ Tdt o Thd
= |(1— - + &, —p,
Dt ( £a) 1-¢, €q ( py Dt 1)
N (1=Xq)
Td,t —Ad
1—-&, (W—t> K}
1—&4 Fy
R = (mpoa)™ (m5)" "7 (7)™

(2.10)

(2.11)

(2.12)

(2.13)

(2.14)

The domestic intermediate output good is allocated among alternative uses as follows:

1
Yt:Gt+Ctd+Itd+/ X7
0

(2.15)

Here, C¢ denotes intermediate goods used (together with foreign consumption goods) to pro-

duce final household consumption goods. Also, I¢ is the number of intermediate domestic

goods used in combination with imported foreign investment goods to produce a homoge-

neous investment good. Some of this good is used to add to the physical stock of capital, K.

The rest of the investment good is used in maintenance expenditures, which arise from the

"When we linearize about steady state and set s¢; = 0, we obtain,

=~c ﬁ

=C

N N Rd N ~c
T — Ty = mEt (Wt+1 - 7rt+1) + m (ﬂ—t*1 - 71';)
I{d/ﬁ (1 — pw)i\c
-
1+ kaf3
1 1-— -
( de) (1 €d) TTL\Ct,
1+ kaf €a

where a hat indicates log-deviation from steady state.
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utilization of capital, a (u;) K;. Here, u; denotes the utilization rate of capital, with capital

services being defined by:
Kt = Uth.

We adopt the following functional form for a :
a(u) = 0.5040,u* + 03 (1 — ) u+ 0y ((04/2) — 1), (2.16)

where o, and o, are the parameters of this function. Finally, the integral in (2.15) denotes
domestic resources allocated to exports. The determination of consumption, investment and

export demand is discussed below.

2.3. Production of Final Consumption and Investment Goods

Final consumption goods are purchased by households. These goods are produced by a

representative competitive firm using the following linear homogeneous technology:

ure
1 (ne=1) 1 (me=1) | mc—1

Cr=|(1—w)m (CH) " +wd (Cm) e : (2.17)

The representative firm takes the price of final consumption goods output, Pf, as given.
Final consumption goods output is produced using two inputs. The first, CZ, is a one-
for-one transformation of the homogeneous domestic good and therefore has price, P;,. The
second input, C}", is the homogeneous composite of specialized consumption import goods
discussed in the next subsection. The price of C}" is P,". The representative firm takes the
input prices, P, and P, as given. Profit maximization leads to the following demand for

the intermediate inputs in scaled form:

¢ = (1—w) @) "o
pc ne

' = we (%) ct. (2.18)
Dy

In the usual way, the price of C} is related to the price of the inputs by:

1

P = [(1=we) (B)' " 4 we ()] 7
After dividing by P, this becomes

_1
P = [(1 — W) + We (pl”’c)l‘"C] e (2.19)

The rate of inflation of the consumption good is:

pe 1— . . m,c\1—n. | T-=n¢
71'? — Pct = [( w ) +w (pfn c) = ] . (220)
t—1 (1 - Wc) + We (pt—71) ‘
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We define investment to be the sum of investment goods, I;, used in the accumulation of

physical capital, plus investment goods used in capital maintenance:
ft = ]t +a (Ut) Kt‘

Capital maintenance are expenses that arise from the utilization of capital. We discuss
maintenance in subsection 2.5 below. Investment goods are produced by a representative

competitive firm using the following technology:

M4
1 ni—1 1 ni—=1 | n;—1

L=y |[(L—wi)m (1) 4w (1)

The representative firm takes the price of the final investment good, P}, as given. Investment
goods are produced using two inputs. The first, I?, is a one-for-one transformation of the
homogeneous domestic good and therefore has price, F;. The second input, I}, is the homo-

geneous composite of specialized investment import goods discussed in the next subsection.

52

The price of I}" is Pt”” The representative firm takes the input prices, P, and P,"™" as given.
To accommodate the observation that the price of investment goods relative to the price of
consumption goods is declining over time, we assume that W, is a unit root process with
positive drift. The details of the law of motion of this process is discussed below.

Profit maximization implies:

L\ 1 P,
Pl Q—w)n = =t
f(%[;l) (1-wi) U,

P (—) W () = P (2.21)

or,

N f i n;—1 n;—1
(pf‘/)m ' (i) (1—(,01') — (Itd> i

i M=1) mi=1 mi—1 i1 i1
( o ) I () = ()

p"* Z
Substituting these expressions into the production function for the final investment good,
we obtain: )
i myi\ 1= | T=mg
Py = [(1 —w;) + w;s (pt ) } " (2.22)
Then, the inflation in the price of investment goods is:
1
m,i\ 1= T-n;
i ¢ (1_Wi)+wi(pt7) R
T = — 1 . (2.23)
Poe [(1—w;) 4+ wi (p"))
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From here on we drop the notation I, and only refer to I;, so that the production function
for investment is:

N4
ni—1 1 "77,’1:| n;—1

— 1 —_
I+ a(u) K, =0, [(1 L) () Wl ()

Finally, the demand for imported investment, 2.21, in scaled form as follows:

) Up ];:
Dy Hop o+ ¢

The demand for domestic investment inputs in scaled form is as follows:

i = (p})" (lt +a(u) —t) (1—w;) (2.25)
Mw,tﬂﬁ,t

2.4. Exports and Imports

This section reviews the structure of imports and exports. Both activities involve Calvo price
setting frictions, and so require the presence of market power. In each case, we follow the
Dixit-Stiglitz strategy of introducing a range of specialized goods. This allows there to be
market power without the counterfactual implication that there is a small number of firms
in the export and import sector. Thus, exports involve a continuum of exporters, each of
which is a monopolist which produces a specialized export good. Each monopolist produces
the export good using a homogeneous domestically produced good and a homogeneous good
derived from imports. The specialized export goods are sold to foreign, competitive retailers
which create a homogeneous good that is sold to foreign citizens.

In the case of imports, specialized domestic importers purchase a homogeneous foreign
good, which they turn into a specialized input and sell to domestic retailers. There are three
types of domestic retailers. One uses the specialized import goods to create the homogeneous
good used as an input into the production of specialized exports. Another uses the specialized
import goods to create an input used in the production of investment goods. The third
type uses specialized imports to produce a homogeneous input used in the production of
consumption goods. See Figure A for a graphical illustration.

We emphasize two features of this setup. First, before being passed on to final domestic
users, imported goods must first be combined with domestic inputs. This is consistent with
the view emphasized by Burstein, Eichenbaum and Rebelo (2005, 2007), that there are
substantial distribution costs associated with imports. Second, there are pricing frictions in
all sectors of the model. The pricing frictions in the homogeneous domestic good sector are
standard, and perhaps do not require additional elaboration. We do need to elaborate on

the pricing frictions in the part of the model related to imports and exports.
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In all cases we assume that prices are set in the currency of the buyer (“pricing to
market”). Pricing frictions in the case of imports help the model account for the evidence
that exchange rate shocks take time to pass into domestic prices. Pricing frictions in the
case of exports help the model to produce a hump-shape in the response of output to a
monetary shock. To see this, it is useful to recall how a hump-shape is produced in a closed
economy version of the model. In that version, the hump shape occurs because there are costs
to quickly expanding consumption and investment demand. Consumption is not expanded
rapidly because of the assumption of habit persistence in preferences and investment is
not expanded because of the assumption that there are adjustment costs associated with
changing the flow of investment. When the closed economy is opened up, another potential
source of demand in the wake of a monetary policy shock is introduced, namely, exports. To
explain this further it is convenient to adopt a highly simplified version of our model.

Suppose that P? is the price of exports in foreign currency units, and the demand for
exports, X, is given by

X = (P*) " A,

where A summarizes the impact on demand of foreign prices and output which we take as
predetermined. With this type of demand curve, a monopolist who sells X will set P* as
a constant markup, u, over marginal cost, M C. Given the denomination of P*  we require

that M C' is denominated in foreign currency units. Thus,

f (domestic factor prices)

P* = x MC =
X T 5

The expression after the second equality emphasizes that the marginal costs of the exporter
involve domestic factors of production. The costs of domestic factors of production do
not rise much in the face of an expansionary monetary policy shock because of the slow
response of demand and frictions in wage setting.? The term in the denominator is the
nominal exchange rate, S. A positive monetary policy shock can be expected to result in
an immediate depreciation in the currency, i.e., jump in S. Thus, in the presence of sticky
domestic factor costs, a depreciation in the exchange rate is expected to put downward
pressure on P*. Given the demand curve for exports, this is expected to create a surge in X.
To the extent that this surge is strong enough, this can overwhelm the other factors in the
model designed to create a hump-shaped response of output to an expansionary monetary
policy shock. In sum, we introduce the frictions in the setting of P* in order to help assure
a hump-shape response of output to a monetary policy shock.

There are two additional observations worth making concerning the role of price frictions

in the export sector. First, it is interesting to note that the price frictions in the import of

2The slow expansion of demand also plays a role here.
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goods used as inputs into the production of exports work against us. These price frictions
increase the need for price frictions in the export sector to damp the response of X to an
expansionary domestic monetary shock. The reason is that in the absence of price frictions
on imports, ‘domestic factor prices’ in the above expression would jump in the face of an
expansionary monetary policy shock, as pass through from the exchange rate to the domestic
currency price of imports of goods destined for export increases. From the perspective of
achieving a hump-shaped response of output to an expansionary monetary policy shock, we
suspect that it would be better to treat the import of goods destined for the export sector
asymmetrically by supposing there are no price frictions in those goods.

The second observation on the role of price frictions in the export sector is related to
the first. We make assumptions in the model that have the effect of also producing a hump-
shape response of the exchange rate to an expansionary monetary policy shock. The model
follows ALLV in capturing, in a reduced form way, the notion that holders of domestic assets
require less compensation for risk in the wake of an expansionary monetary policy shock.
As a result, the model does not display the classic Dornbusch ‘overshooting’ pattern in the
exchange rate in response to a monetary policy shock. Instead, the nominal exchange rate
rises slowly in response to an expansionary monetary policy shock. The slow response in the
exchange rate reduces the burden on price frictions in P* to slow the response of X in to an

expansionary monetary policy shock.

2.4.1. Exports

We assume there is a total demand by foreigners for domestic exports, which takes on the

pz Ny
X, = Y*.

ze=(p)) "y (2.26)

Here, Y;* is foreign GDP and P/ is the foreign currency price of foreign homogeneous goods.

following form:

In scaled form, this is

Also, P! is an index of export prices, whose determination is discussed below. The goods, X,
are produced by a representative, competitive foreign retailer firm using specialized inputs

as follows:
Az

1
X, = [/ Xif;”di} . (2.27)
0

Here, X;:, i € (0,1), are exports of specialized goods. The retailer that produces X; takes

its output price, P, and its input prices, P, as given. Optimization leads to the following
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demand for specialized exports:

Pz'xt )‘a:,tfl

Combining (2.27) and (2.28), we obtain:

1 1
P = {/ (Pft) F e dz}
0

The " specialized export is produced by a monopolist using the following technology:

1*>\z,t

= o () 0y ()|

N
1 Ne—1 1 ’71_1:| ng—1

where X[} and Xﬁt are the i'" exporter’s use of the imported and domestically produced
goods, respectively. We derive the marginal cost associated with the CES production function
from the multiplier associated with the Lagrangian representation of the cost minimization

problem:

)

n
1 Ng—1 1 71x_1:| Ng—1

C =minty [P R{ X[} + PRYX ]+ {X,t — {w;’m (X)) 7 4+ (1 —w,) e (XZ,) } ,

where P/"" is the price of the homogeneous import good and P; is the price of the homoge-

neous domestic output good. The first order conditions are:

1

11 _

T xr m,T S Nx Nax m\ n..

7, Ry P, = /\Xi,t Wy (Xi,t) "
1

—= 1 -1
TyR{P, = AX[} (1—w$)E(X;ft)%

1 ng—1 1 Np—=1 | ng—1

Xip = |wd (X73) ™ 4+ (1 —wy) (X)) ™

)

Use the first two conditions to solve for the inputs as a function of the exogenous variables

and the multiplier:

ng—=1 ngp—1

Ne—1 )\”77‘714)(Z e wﬂ,‘nz
(XZT;) e - T DT 7tn’L,a: N,—1 (229)
(TiRY ™)
Nz —1 nge—1
- ALY e (1= ) e
(Xd) ™= = it )~ (2.30)

(TsRFP)™ "

Substitute these into the production function, to get:

- Wy (1—w,) Tt
Xi,t = )\n”XLt (TI) M ( e -+ — > .
t (Rg ™)1 (Ryp)™
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Nominal marginal cost is A, so that real (in terms of the homogeneous final export good)

marginal cost, mcy, is

A T RY 1— V1T
_ . Pm,w Ny 1 — - P, %] z
St Pt:r St ptg: W ( t ) ( w ) ( t) )

T __
mcy =

where
Ry =viR, +1—vj. (2.31)

We rewrite the expression for marginal cost to get it in terms of stationary variables

A TxRx 1 1 !
t- m,x\1l—n Nz

= (p "t (1 - w, : 2.32

SEF T apip (P ( ) (2.32)

T
mc; =

where we have used g pr g prpepe
td¢ tt ¢ t c T

— _t = . 2.33

P P P P} bl 259

The ", i € (0,1), domestic exporting firm takes (2.28) as its demand curve. This

producer sets prices subject to a Calvo sticky-price mechanism. In a given period, 1 — &,
producers can reoptimize their price and £, cannot. The firms that cannot optimize price,

update their prices as follows:
P, =7y Phy, Ty = (wiy)™ (n") 7 () (2.34)

where kK, 5,, Ky + 22, € (0,1).

The equilibrium conditions associated with price setting by exporters are analogous to

the ones derived for domestic intermediate good producers:?

1
72\ T
Ey ¢z+,tQtpfpfl't + < iﬂ) BE i1 — Foe| = 0 (2.35)
Ti41 ]
iy 1/\§ i
ﬂ' —Agx
Ey | Atos sapipimemey + BE, (il) Kpop1 — Kop| = 0, (2.36)
t+1
1—Xgp
I AN o |
. 1-¢, <é> 7T s
= |a-e) | — ve (2 ) (2.37)
x t

3When we linearize around steady state and ¢, ; = 0, equations (2.35)-(2.38) reduce to:

o I} o Kz oo
x — E xr x
T 1178 Tt B tTy1 T 153 T Hg;ﬁﬂt_l

1 +:‘<ﬂxﬂ ggj e

where a hat over a variable indicates log deviation from steady state.

+
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1 (1-Xz)

7@\ =Xz
c) _ B (2.38)
1-— gx F:mt

The quantity of the domestic homogeneous good used by specialized exporters is:

1
/ X2.di,
o

and this needs to be expressed in terms of aggregates. Rewriting (2.30), one of the first order

conditions of the foreign retailer who purchases the specialized export goods:

X = A %X» (1—w,)
it T TfRif]Dt 2,t x) .

Integrating this expression:

1 J )\ N 1
Xtdi = 1 —w,; X, di 2.39
/0 o <TfRfPt> ( ) 0 ! ( )
A\™ ' (Pr) e T d
— <TmeP> (1 —w,) Xy fo ( ,t)_Am ‘
til it (Ptl')kzyt—l

Define P}, a linear homogeneous function of P7, :

Ag,t—1

° 1 _’\It *Aac,t
p;c:U (P:”)wtldz} |
0

Then,
_/\I t _Az t
zt 1 / ot— N 1 —1 d?,
and .
X4 (1—w,) X, (57) 5T 2.40
l/ztz( ) (=) X)) (2.40)
where
or __ Ptx
pt - Ptx )

and the law of motion of py is given in (2.37).

We now simplify (2.40). Rewriting the second equality in (2.32), we obtain:

A Py _ =
= ) (=) T

PTiR}  Papipt

or,

A Stth [ 1-m 1*1719:
spr . S Pr P |Ye (p) "+ (1= Wa:)} ;
PtTt Rt Rg;g—tp?t Pi*
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or,

A 1-n 1*177
— . m,T T 1 _ - :| x .
By = e () (L= )

Substituting into (2.40), we obtain:

Nx 7)\th

1
Xtd = / thdi = [Wx (p;nﬂc)l—nz -+ (1 — wx)} N (1 - W:c) (ptx)ﬁ <ptx>*77f Y;* (2‘41)
0

We also require an expression for imported inputs for exports in terms of aggregates.
Using (2.29) and (2.32),

1 N
[wa (1) 4 (1= )] T

m,T
2

mo__
X@t = Wy Xit

The object on the left side of the equality is the quantity of the homogeneous import good
used by the i" specialized exporter. (This is to be distinguished from the output of the '
specialized importer, which has the same notation.) The unweighted integral of X7 is X"
because X" is a homogeneous good. This is the same unweighted integral considered in
(2.39). Using the result derived in (2.39), we obtain:

L\ T

we ()1 + (1= wy)| T

(ﬁtm) Aot Xt?

m o __
Xt = Wy m,T
'z

where the law of motion of pf is given in (2.37). Note how the impact of price dispersion
operates in the previous expression. To produce a given total of the homogenous export

good, X;, one needs more of the homogeneous input good, X/", to the extent that there is
*Am,t
price dispersion. In that case pf < 1 and "= (pf)*++=? > 1, and more dispersion is reflected

in a lower py.
After scaling the preceding expression and substituting out for X; using the demand for

exports (see (2.26)), we obtain

1 N
1-ny

Wy (pzn,m)lfnx + (1 - wa:) oy Bk —ny %
(7)) =1 (p7) ™y (2.42)

Im — wm m.x
1 Z) El
2.4-2. ImpOI‘tS

We now turn to a discussion of imports. Foreign firms sell a homogeneous good to domestic
importers. The importers convert the homogeneous good into a specialized input (they

‘brand name it’) and supply that input monopolistically to domestic retailers. Importers are
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subject to Calvo price setting frictions. There are three types of importing firms: (i) one
produces goods used to produce an intermediate good for the production of consumption, (ii)
one produces goods used to produce an intermediate good for the production of investment
goods, and (iii) one produces an intermediate good used for the production of an input into
the production of export goods.

Consider (i) first. The production function of the domestic retailer of imported consump-

tion goods is:
)\m,C

1 1
o — [/ (Cﬁ)wdi] ,
0

where C7} is the output of the i" specialized producer and C" is an intermediate good used
in the production of consumption goods. Let P, denote the price index of Cf" and let P},
denote the price of the i*" intermediate input. The domestic retailer is competitive and takes
P and P}y as given. In the usual way, the demand curve for specialized inputs is given

by the domestic retailer’s first order necessary condition for profit maximization:

e %
om — Om Pt ATHE 1
it T Mt Pm,c .

it

We now turn to the producer of C7}, who takes the previous equation as a demand

curve. This producer buys the homogeneous foreign good and converts it one-for-one into

the domestic differentiated good, C7;. The intermediate good producer’s marginal cost is
TS PRy, (2.43)

where
R;™ = ViR +1—v;, (2.44)

and R} is the foreign nominal, intratemporal rate of interest. In addition, 7, is a tax term.
The notion here is that the intermediate good firm must pay the inputs with foreign currency
and because they have no resources themselves at the beginning of the period, they must
borrow those resources if they are to buy the foreign inputs needed to produce C7;. There
is no risk to this firm, because all shocks are realized at the beginning of the period, and so
there is no uncertainty within the duration of the working capital loan about the realization

of prices and exchanges rates.?

4We are somewhat uncomfortable with this feature of the model. The fact that interest is due and
matters indicates that some time evolves over the duration of the loan. Our assumption that no uncertainty
is realized over a period of significant duration of time seems implausible. We suspect that a more realistic
representation would involve some risk. Our timing assumptions in effect abstract away from this risk, and
we conjecture that this does not affect the first order properties of the model.
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It is of interest to have a measure of the total imports of the intermediate good producers:
1
Sy PR / Ciydu.
0

In order to relate this to C}", we substitute the demand curve into the previous expression:

m,C

1 Pm,c 72,76'_1
serre o (fe) T a
0

it

,C 1 _ym,C
= S,P*RV*C™ (vac)% (Pm,C) 7“?,0_1
- g t4 t t it
0

)\'mA,C
ﬁm,c 1-Am,C
o * DV* Ym t
- St’Pt Rt7 Ct Pm,c ?
t

where
AT C

]_7
R 1 )\m,C Am,C
m,c m,c\ 1_\m,C
P = / (P z‘,t)
0

We conclude that total imports account for by the consumption sector is:

/\m,C

S P R{TCT () e (2.45)
where .
oMm,C Ptm,c
t - Ptm,ca

and p;" is discussed below.

Now consider (ii). The production function for the domestic retailer of imported invest-

1 1
e[ o]
0

The retailer of imported investment goods is competitive and takes output prices, Ptm’i, and

ment goods, []", is:

m,I
A

input prices, PZ;”, as given.

The producer of the i** intermediate input into the above production function buys the
homogeneous foreign good and converts it one-for-one into the domestic differentiated good,
I7. The marginal cost of I is also (2.43). Note that this implies the importing firm’s cost
is P (before borrowing costs and exchange rate conversion), which is the same cost for the
specialized inputs used to produce Cj". This may seem inconsistent with the property of
the domestic economy that domestically produced consumption and investment goods have
different relative prices. We assume that (2.43) applies to both types of producer in order to

simplify notation. Below, we suppose that the efficiency of imported investment goods grows

23



over time, in a way that makes our assumptions about the relative costs of consumption and
investment, whether imported or domestically produced.
The total value of imports associated with the production of investment goods is analo-

gous to what we obtained for the consumption good sector:

S PRI () i = P”tL (2.46)
t

where p/"" is discussed below.
Now consider (iii). The production function of the domestic retailer of imported goods

used in the production of an input, X;", for the production of export goods is:

1 1
X" = { / (X7 A d@]
0

The imported good retailer is competitive, and takes output prices, P,""*, and input prices,

m,X
)\t

Pﬁx, as given. The producer of the specialized input, X7}, has marginal cost, (2.43). The
total value of imports associated with the production of X;" is:

m,T

v,k m (S1,T /\h’fr;‘szL o1, T i,
P RYTX ()L BT = S (2.47)
t

Each of the above three types of intermediate good firm is subject to Calvo price-setting
frictions. With probability 1 — &

probability &,, ; it sets price according to the following relation:

m.j» the j*" type of firm can reoptimize its price and with

m,j __ ~m,j pm,j ~m,j m,j\Fm.j —c 1_/‘Cm,,j_ifrn,j SE
Pz',t = Ty Pi,t—l? T T = (7Tt—1) (7Tt> T (2-48)

for j = ¢, 1, .
The equilibrium conditions associated with price setting by importers are analogous to

the ones derived for domestic intermediate good producers:

~m7j lfAmyj
G=i T4l
Ey |+ 0™ Ed i BEmjFmitrs — Fmje| = 0 (2.49)
Tl
)\m’j T
i i ﬁ-ﬁ{ 1=Am,;
By | Mg+ 40 me™ 2]+ BE,, — Kjis1 — Knji| = 0, (2.50)
Tl
\ 1- A
. J ) P
g, (E) ) N
sl — | (1 N Ty " omyj ! 2.51
Dy - ( _gm,j) 1 _€ A +€m,j m,jptfl ( : )
m,j T
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L= 6y (B)
m, 7_(_'m,,' Km .
LA = —mit (2.52)
1 gm,] Fmvjvt
for j = c,i,2.> Here,
' J=c
H=3 e =
wroj=1
Real after tax marginal cost is
; SLPE L mi StPFPEP,
me = LRy = e S LRy (2.53)
P PeP™ P
= IRy
t
for j =c,i,x.
2.5. Households
Household preferences are given by:
E} i B¢ In (O — bCy_y) — ghALM (2.54)
0 s t t t—1 t 1+ oL .

The household owns the economy’s stock of physical capital. It determines the rate at which
the capital stock is accumulated and the rate at which it is utilized. The household owns

the stock of net foreign assets and determines its rate of accumulation.

2.5.1. Technology for Capital Accumulation

The law of motion of the physical stock of capital is:

Kivi=(1—06) Ky + Yo F (I, I 4),

F (I, 1) = (1 S <%>) I,

5When we linearize around steady state and sz, ; = 0,

where

e 8 . g (ami e
AT = T+ rm, B (WH{ N ”t“) * m (ﬂt‘{ - m)
_FmgB (L= pr)ze
1 + Hm,jﬁ k
L 1 (1 - ﬁfm,j) (1 B ém,j) e
t
1 + I{m,jﬂ fm,j
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and

(2.55)

. 1 - -
S(x) = 3 {exp [\/ S (x — uz+/~bm)] + exp [—\/ S" (x — MZ+/~L@)] - 2}
= 0, = i+ iy
Also,
N 1 /= - -
S(x) = SV {exp [v S (x — uzmqu)] — exp [—V S" (@ — uzm\p)} } (2.56)
= 0, 2= p+piy.
and
N 1- - -
S"(x) = 58” {exp [\/ S"(x — uﬁ,uq,)] + exp [—\/ S"(x— uﬁ,uq,)] }
= ‘g”7 T = Mot g
Also,
~ [ Iy ~ Iy I;
B, L) = (1-5(— )
1 (B o) < (It—1>) (It—1> I
I
= ]-7 K = Mo+ My
and,
TEAVERS
(L, L) = S|— —
vt = §(75) (1)
I
= 0, I, Mt
Scaling,
F(I,I1) — (1 ~3 (W)) P
t—1
B (1) = (1 - (uz+,_tuw,tit)) ¥ (uzwuwt) uz+ztu¢,ﬂt
21 -1 1t—1
. N2
Fy (i Iin) = & (” Sl ‘““) (” =il “Zt>
11 (]

In this notation, the law of motion of capital is written,

1g—1

- ]. - 6 T ~ z 7’ .
kt+1 = —kt + Tt (1 - S (M>) 1.
oot 1oy ¢ b1
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k:t—&-lZ:_\:[Jt = (1 - 5) KtZ:—_llIlt—l + Tt (1 - S (M)) Z:_\I/tl.t,

or,

(2.57)



2.5.2. Household Consumption and Investment Decisions

The first order condition for consumption is:

Ct - o ﬁbEt Ct+1
Ct — th_l

'u’z“",t

— ¢ pi (1+77) = 0. (2.58)

Ct+1Mot 41 — bey

To define the intertemporal Euler equation associated with the household’s capital accumu-
lation decision, we need to define the rate of return on a period ¢ investment in a unit of

physical capital, RfH :

(1- Tf) Ut+1ff+1 - Qj—ia(um) P14+ (1 —0)P1Pysi1 + T§5Ptpk’,t
PPy

Riy, = o (2.59)

where it is convenient to recall

pi i
Ztp—P
\Ijt t to

the date ¢ price of the homogeneous investment good. Here, P} ; denotes the price of a unit of
newly installed physical capital, which operates in period ¢+1. This price is expressed in units
of the homogeneous good, so that P, P, is the domestic currency price of physical capital.
The numerator in the expression for R¥ '\, represents the period ¢ + 1 payoff from a unit of
additional physical capital. The timing of the capital tax rate reflects the assumption that
the relevant tax rate is known at the time the investment decision is made. The expression
in square brackets in (2.59) captures the idea that maintenance expenses associated with
the operation of capital are deductible from taxes. The last expression in the numerator
expresses the idea that physical depreciation is deductible at historical cost. It is convenient

to express RY in terms of scaled variables:

P 1Wy (1-7F) [utﬂffﬂ - gtt_trlla(“tﬂ)] + (1= 0) Py i1 + 705 Pury

Py
R . =
t PV, Py
(1 —=7F) [uear oy — piga(up)] + (1= 8) Wy Pogyr + T%%%Hﬂgt
= Tl .
Uy 1 Py
so that
i Tt (1 - Tf) [Ut+1ff+1 - p§+1a(ut+1)] + (1 - 5)pk/,t+1 + Tfé%pk’,t
RF, = . (2.60)

My 41 Pkt
Capital is a good hedge against inflation, except for the way depreciation is treated. A
rise in inflation effectively raises the tax rate on capital because of the practice of valuing
depreciation at historical cost. The first order condition for capital implies:
Ry,

_ (2.61)
T4 1M+ 11

Vo = BE+ 111
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We differentiate the Lagrangian representation of the household’s problem as displayed
in ALLV, with respect to I, :

—01 P} + w Yo Fy (I, Ly) + Bwea Yoo Fy (I, 1) = 0,

where v, denotes the multiplier on the household’s nominal budget constraint and w; denotes
the multiplier on the capital accumulation technology. In addition, the price of capital is the
ratio of these multipliers:

PthJ,t _ —.
Uy

Expressing the investment first order condition in terms of scaled variables,

Vot D} o Mo by il ao (Pt phhw e\ Hat ofby 0t
- +,tat+vtptpk',tfrt 1- 5 (=2t g ALt L

n t -1 14—1 -1

. . 2
Mz*,t+1/jl\11,t+1zt+1> (Mz+,t+1ﬂ\11,t+1zt+1> — 0

U
+B0 1 P P g1 Y40 S ( ; ;
t t

Now multiply by z; ¥,

L O z i & z i z [
o Db+ Vo P T {1 -8 (M> ~ g (“ e t> Hatablos t} (2.62)
' ’ (] 11 Ti_1
. . )
cr [ Moot t+1 M0 e 11041 L1
+5¢z+,t+lpkat+1'ﬁ“5l< ar )( i ) Hocabtren = 0

Our first order condition for [; appears to differ slightly from the first order condition in

ALLV, equation (2.55), but the two actually coincide when we take into account the definition
of f.
The first order condition associated with capital utilization is:
Uiy = pia’ (),
or, in scaled terms,
7 =pld (uy). (2.63)

The tax rate on capital income does not enter here because of the deductibility of maintenance

costs.

2.5.3. Financial Assets

The household does the economy’s saving. Period ¢ saving occurs by the acquisition of net
foreign assets, Ay |, and a domestic asset. The domestic asset is used to finance the working
capital requirements of firms. This asset pays a nominally non-state contingent return from

t tot+ 1, R;. The first order condition associated with this asset is:

¢z+,t+1 R, — T? (R — m41)

Moot t11 T+1

_wz‘*,t + BEt = 07 (264)
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where 7¥ is the tax rate on the real interest rate on bond income (for additional discussion
of 7°, see section 2.6.) A consequence of our treatment of the taxation on domestic bonds is
that the steady state real after tax return on bonds is invariant to 7.

In the model the tax treatment of domestic agents’ earnings on foreign bonds is the same
as the tax treatment of agents’ earnings on foreign bonds. The scaled date t first order

condition associated with Ay ;:

* * S
’UtSt = ﬁEtUt—i-l[St-‘rlRt <I>t — Tb (St-l-lRt CI)t — FtPt-i-l)]' (265)
t

Recall that S; is the domestic currency price of a unit of foreign currency. On the left
side of this expression, we have the cost of acquiring a unit of foreign assets. The currency
cost is S; and this is converted into utility terms by multiplying by the multiplier on the
household’s budget constraint, v;. The term in square brackets is the after tax payoff of the
foreign asset, in domestic currency units. The first term is the period ¢ + 1 pre-tax interest
payoff on Ay ;, which is Sy{1 R;®,. Here, R} is the foreign nominal rate of interest, which
is risk free in foreign currency units. The term, ®; represents a risk adjustment, so that a
unit of the foreign asset acquired in ¢ pays off R;®; units of foreign currency in ¢ 4+ 1. The
determination of ®; is discussed below. The remaining term in parentheses pertains to the
impact of taxation on the return on foreign assets. If we ignore the term after the minus
sign in parentheses, then we see that taxation is applied to the whole nominal payoff on
the bond, including principle. The term after the minus sign is designed to ensure that the
principal is deducted from taxes. The principal is expressed in nominal terms and is set so
that the real value at t + 1 coincides with the real value of the currency used to purchase
the asset in period t. In particular, recall that S; is the period ¢t domestic currency cost of a
unit (in terms of foreign currency) of foreign assets. So, the period t real cost of the asset is
St/ P;. The domestic currency value in period ¢ + 1 of this real quantity is P, 1.S;/P;.

We scale the first order condition, (2.65), by multiplying both sides by Pz, /S; :

/l/}z * *
Vo= BE S (s, Ry Dy — 70 (50 Ry @y — o)) (2.66)
Tt41M+ 11
where, recall,
+ St
Vv =0z, 84 = .
St—1
The risk adjustment term has the following form:
o, =0 (Gt, Eisii15t, ét) = €xp <_$a (a; —a) — és (Et3t+13t - 32) + &t) ) (2.67)
where, recall,
0 — St A1
t Ptzt+ )

29



and &t is a mean zero shock whose law of motion is discussed below. In addition, g%a, (}58,
a are positive parameters. In the steady state discussion in the appendix, we derive the
equilibrium outcomes that a; coincides with @ and ®; = 1 in non-stochastic steady state.

The dependence of ®; on a; ensures, in the usual way, that there is a unique steady state
value of a; that is independent of the initial net foreign assets and capital of the economy.
The dependence of ®; on the anticipated growth rate of the exchange rate is designed to
allow the model to reproduce two types of observations. The first concerns observations
related uncovered interest parity. The second concerns the hump-shaped response of output
to a monetary policy shock.

We first consider interest rate parity. To understand this, consider the standard text

book representation of uncovered interest parity:
Rt — R: = Et log St+1 — log St + ¢t7

where ¢, denotes the risk premium on domestic assets. A log linear approximation of our
model implies the above expression in which ¢, corresponds to the log deviation of ®; about
its steady state value of unity. Consider first the case in which ¢, = 0. In this case, a fall
in R; relative to R; produces an anticipated appreciation of the currency. This drop in
Eilog S;1 — log S; is accomplished in part by an instantaneous depreciation in log S;. The
idea behind this is that asset holders respond to the unfavorable domestic rate of return by
attempting to sell domestic assets and acquire foreign exchange for the purpose of acquiring
foreign assets. This selling pressure pushes log S; up, until the anticipated appreciation
precisely compensates traders in international financial assets holding domestic assets.

There are two types of evidence that the preceding scenario does not hold in the data.
Vector autoregression evidence on the response of financial variables to an expansionary
domestic monetary policy shock suggests that F; log S; 1 —log S; actually rises for a period of
time (see, e.g., Eichenbaum and Evans (1995)). Also, regressions of realized future exchange
rate changes on current interest rate differentials fail to produce the expected value of unity.
Indeed, the typical result is a statistically significant negative coefficient.

One interpretation of these results is that when the domestic interest rate is reduced,
say by a monetary policy shock, then risk in the domestic economy falls and that alone
makes traders happier to hold domestic financial assets in spite of their lower nominal return
and the losses they expect to make in the foreign exchange market. Our functional form
for ¢, is designed to capture this idea. According to this functional form, when a shock
occurs which causes an anticipated appreciation in the level of the exchange rate, then the
assessment of risk in the domestic economy, ®;, falls. Later, when we introduce financial
frictions, we will have access to additional mechanism for achieving this outcome. A concern

we have with the current model is its unfortunate implication that any shock that creates an
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expectation of a depreciation in the currency makes domestic financial assets seem less risky.
As a general proposition, this seems implausible. When we consider financial frictions, we
will have variables such as the bankruptcy rate, which falls in the wake of an expansionary
monetary shock, and which may accomplish the same equilibrium outcome as the ALLV
specification, though perhaps the mechanism is more plausible in this case.

When we turn to the regression interpretation of the uncovered interest parity result, it
is useful to consider the regression coefficient:

Cov (log St+1 _ IOg St7 Rt _ Rz) in theory in data
v = = 1 < 0
var (Rt — R{ )

cov (log Sir1 — log S, Ry — Rf)
var (Rt — R{ )
cov (Rt — R{ —log @, R — RZ)

var <Rt - Rf)
cov (Rt — R, ¢, (Rt ~ R/ - (R~ Rf)))
var (Rt - R{)

according to our linearized expression above. Then,

cov (Ry — 7, ¢,)
var (R; — RY)

y=1-

cov (log Si11 — log S, Ry — RY) _ cov (Ry — R — ¢, Ry — RY)
var (R — RY) var (R, — Rf) ’

according to our linearized expression above. Then,

f)/:

_ cov (R — R}, ¢,)
var (Ry — Ry)

v=1

Thus, any specification of ¢, which causes it to have a positive covariance with the interest
rate differential will help in accounting for the regression coefficient specification of the
uncovered interest rate puzzle. That is, such a covariance could result in v being negative.
This motivates an alternative to the risk specification in (2.67):

@ =@ (B = Ri,6,) = exp (=0 (ar =) = 6, (B — Ry = (R = R) +3,),  (2.68)
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where a variable without time subscript denotes the corresponding value in nonstochastic
steady state. We use this specification in our benchmark model.

We now turn to the connection between ®, and the hump-shape response of output
to an expansionary monetary policy shock. As explained in section 2.4, a key ingredient
in obtaining this type of response lies in factors that slow the response of demand to an
expansionary monetary policy shock. The response of foreign purchases of domestic goods
in the wake of such a shock depends on how much the exchange depreciates. The mechanism
we have described slows the depreciation, and this simultaneously reduces the expansion of

foreign demand.

2.5.4. Wage Setting

Finally, we consider wage setting. We suppose that the specialized labor supplied by house-

holds is combined by labor contractors into a homogeneous labor service as follows:
Aw

1
H, = V (hj,t)fwdjl L 1< Ay, < 00,
0

where h; denotes the j* household supply of labor services. Households are subject to Calvo
wage setting frictions as in Erceg, Henderson and Levin (2000) (EHL). With probability
1 — &, the j' household is able to reoptimize its wage and with probability £, it sets its

wage according to:
Witt1 = Tuwrr1 Wiy (2.69)
Fuarn = ()™ (750) T @ ()™ (2.70)
where Ky, 20, Uy, Ky + 52 € (0,1). The wage updating factor, 7,41, is sufficiently flexible
that we can adopt a variety of interesting schemes.

Consider the j** household that has an opportunity to reoptimize its wage at time ¢. We
denote this wage rate by W;. This is not indexed by j because the situation of each household
that optimizes its wage is the same. In choosing WW;, the household considers the discounted
utility (neglecting currently irrelevant terms in the household objective) of future histories

when it cannot reoptimize:

Eji(gg )| —¢h .ALMJFW Wi peihiy 1-7/
t g w t-+i 1+UL +e VY gttty +Zl+7—;ﬂ+i 3

where 7 is a tax on labor income and 7 is a payroll tax. Also, v; is the multiplier on the
household’s period ¢ budget constraint. The demand for the j* household’s labor services,

conditional on it having optimized in period ¢ and not again since, is:

T, o~ ~ 1-Aw
h . Wtﬂ'w,t—o—i c o T t+1 H
git+i = t+i

Wit
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Here, it is understood that 7y 4 - - - Twi41 = 1 when ¢ = 0. Substituting this into the

objective function,

- Aw 1+op,
WiTw p i Tw,t4+1 | 17 w H...
it ~h ( < Wi i
[—CiriAr

o0
ElY (B,)
t
,_ v 1 + g,
=0
A
Tr ~ ~ 1-w Yy
= - Wi g+ T 41 -7y,
FU i Wi g+ Twp41 W T w0 ],
t4i + Tiag
It is convenient to recall the scaling of variables:
W, Y, ~ o
. + — t ~ t . 4+ 11—
wztt =Pz, wy = 5 Yt = 3, W= Wt/Wm zy =W "
z Py 2
Then,
WiTtwiri Twprr  Witwpris Twerr W, X
- = T om ot ti
Wiy WyyiZgy i Pryi Wiz By
Wi (W /W,y wy (Wi /Wy -
Wi Wy
— X = ————= X = — X,
Witz By (7 Wt
where
Fwtsi -+ Fupil .
X = Lan < , 1>0
i Ti—1 " T Lot g " 0" Mot t41
= 1,:=0.

It is interesting to investigate the value of X} ; in steady state, as ¢ — co. Thus,

(Wf T 7T§+z‘—1)’iw (ﬁfﬂ e ﬁ§+i)(1_nw_M) (%i)%w (Mi+)ﬂw

i Tpbi—1 " g1 ot gy " Hpt g1

Xii=

In steady state,

(m) (@) (1) (k)™

=% 1
T+

— 0

in the no-indexing case, when 7 =1, s, = 1 and ¥,, = 0.

Simplifying using the scaling notation,

Aw 1+op,
= 1-w
wiwe . .
o (:(ﬁ%+i)(uz> }3}+1)

EY (BE,) [ (AL
=0

’ 1+og
K2
g
_ _ Pou y
WWt WW¢ 1= 1 - Tt—‘ri
Ui Wi —— Xy <—_ Xt Ht-i—i—l o
Wiys Wiy + Tig
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or,

Wt44

Aw 1+op
Wi W 1—Aw
L t Xt,z) Ht+1

E} i (BE,)' [=CAL (<

=0

Aw
Yy
_ WywWy 1w -7y,
+wz+7t+iwttht,i ( — Xt 1) Ht+l—]
Witi L+7 Titi

1+O'L

or,

EIY (B8, [-ChaAL

1=0

7 T o Y
142 Wy 1=2w =74,
TVt Wy W X Xt Hevi—— ),

Differentiating with respect to wy,

Aw 140y,
— T—w
()™ e
Aw (

1+0'L

1)\1/1\J 1 Y
- — 7Y
X“) Henig ] =0
t+1

ELY (B8, [—¢ruAL 14 0)w,
=0

)\
+wz+ t+zwt tht ) (
thrz

Dividing and rearranging,

oo = o
Eg Z (5§w)z [_C?HAL (( th) Ht+i)
1=0

wt-i—z

w 1-Xy (1+0p) —

R o A ey wwl Wy

+ Wy YW Xy ( —
Aw Wiy

Solving for the wage rate:

A 1+or
j o0 1-w
1-Aw(140) EZ Zi:o (65 ) Ct.HAL <<Wt+ Xt,i) Ht+i)

Aw

=X 1—7Y,
Xt,z‘) Ht—&-zl_'_—H] =0
t+z

1= )\ (1+0'L) 1

Aw
i d) 44 1-Aw 1— T;/
EJ Zz 0(55 ) + e thtz (HXt,z) e Ht+zr
ALKw,t
W F oy

S i +h Wy = o
Kw,t - E ng) <t+z‘ e— Xt,i Ht—i—i
0 Wi

1=

where

o0

Vot i w = -1/,
For = E (BEL)" ;’H Xii | = t'Xt,i Ht+z—t+-
i=0 w
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Thus, the wage set by reoptimizing households is:

1—dw
[ALKW] [ ez
Wy = | —F/ .
thw,t

We now express K,,; and F,,; in recursive form:

00 140,
, ; w T

K,: = Ej E (BEW)' ¢l <<—w:Xt,z‘> Ht—i—i)
i=0 e

Aw

— c\kw (=c (I—Kkw—sw) /o w Yw 11—y
o w; (7)) (”t+1) (7)™ (g )
= CH TN+ BELCH (w

t+1 Ti+1 o+ 41

42 Tt 2Tt 1 b+ ppollo+ 111

b, (moms,y)™ (79, 7S, ,) T T (#2) D\ T-dw
PTG (wt (rint)™ (7iaiia)” (7)™ (u2) ) A Hyyo

+...

or,

Auw
— w = (17 w w) v w ﬂw 1—w (1+GL)
w, ()™ (Tga) T R ()
W1 Tt+1 Mo+ 41

Ky, = <?H3+“L+Et6£w(
Aw 140y,

- w
) o

_ c Rw (—c (17’iw7%w) o\ Hw Y
8¢, (wt+1 (751)"™ (7ir2) (7)™ (pa)
Wi42 T2zt 42

kst o 2L (1+0L)
e (mf)"™ (7)) )™\ T
Wi+1 Tit1 o+ 41

= (HTN + BELE ( -

~ A (1407
T
C?HtH_UL Bwat (Trw,ﬂ_l)

Kw,t+1 )
Tw,t+1

using, . )
Witr Wiz Pyr Wi flor 1T

h 1+
{<t+1Ht+laL

Kw,t+1

Tw,i+1 = = = (2.71)

Wt /U_Jt Zt+ Pt ’U_}t
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Aw

- R, Wy =w 1 -7,

Fp:+ = E BEy) =X | —— Xt Hppj—t

t i ;( §w) N, t, Dres ¢, t+ ey
. w;:*,t 1_7—ty
A t1+7}”

t+1

e, Leran (wt )1% ((wf)““’ ()T () (u#)%)lﬂxfw .

T A Wet1 Tt+1fzt 141 l+7
Aw
9 Vot Watippa [ Wy |1
w W42
c_c Kw (—¢ —c (1=Rw—2w) [v2\*w 2 \Yw 1_‘_1271;\;11) y
% (Wﬂtﬂ) (”t+17t+2) (77) (ﬁ‘z+) H 21_Tt+2
t+ w
42T tp 1 Myt pyoblat 441 T+ 7
+...
or,
z 1_ !
Fo: = v +’th Ti
’ Aw 1+7y
. Ay v (= \(A—Fw—w) o) 9\ L
ey ( Wy )1“ () (Wt+1) (7)™ (g ) {¢Z+,t+1H 11—
wl| = 1T T o
Wiy Tt Mot t 41 Aw Tl
_ A”;\J C Kw —C (17,411117%11)) v\ Hw '19w 1+1i1}“)w
T (wt—i-l)l w (7Tt+1) (7Tt+2) ()" () ¢z+,t+2H 1-
Y\ Wipo Tt2fbot 142 Aw T+
+...}
Yory 1—1f Wiyt \ [ Twtr1 Y
¥4 t w
== : H + w — : Fw bl
g T ( e ) (MM) -
so that

Ay
Y, 1—17 w Tw e
Foi= - L H, ‘l’ BEwEy ;rl s Fuiv1,

Aw 1+7 ¢ T t+1
We obtain a second restrlctlon on w; using the relation between the aggregate wage rate
and the wage rates of individual households:

1-Aw

W= [( — &) (Wt)l e, (frw,tth)w}
Dividing both sides by W; and rearranging,

1_£w (::i)m
1_£w

Wt =
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Substituting, out for w; from the household’s first order condition for wage optimization:

. 171)\ 1-Aw(l4+o0yr)
-G ()T
AL 1_€w

Wl = Kyt

We now derive the relationship between aggregate homogeneous hours worked, H;, and

1
he = / hjydj.
0

Substituting the demand for h;; into the latter expression, we obtain,

1 P
W‘t T—w )
h, = — H.d
t /0 < W, ) taj

aggregate household hours,

H ! D
= —txw/ (Wje) e dj
(W)= Jo
PV
= w, ™ Hy, (2.72)
where -
Wt /1 Aw Aw
= —, W, = W. ) 1T2w d
i = g5 o= | [ 07075 d
Also,
Aw Ay 1}2}“
~ T—w - T—\w
Wt = |:(]' - gw) <Wt) + Sw <7Tw tWt—1> :| 5
so that,
— A 1;>\w
_Aw ﬁ-wt 1-Aw v
Wy = |(1=E,) (w) e +&, <_7“’“) ]
7Tw,t
) 1—Aw
B )\w Aw
Fwt ) T w w
1 - éw (ﬂ'w’t> 7?wt o 1i>\w
= |(1-¢&,) ’ +&, <—’wt_1) ) (2.73)
1- é.w w,t

37



In addition to (2.73), we have following equilibrium conditions associated with sticky wages®:

A

Yorp o~ 1—7] Wis1 ) [Fuwarr) T
Fop= ", ™h ! E = F, 2.75
it . wy 1 T + B, E o — 41 ( )

N 140 ~ 24— (1407)

o T T T, w
Kyt = C? (wt o ht) + B, F (ﬂ Hl) Koy t41 (2.76)
w,t+1

} - 1)\ 1-Aw(14+0or)
R
AL 1 - gw

’lI)tFwﬂg — Kw,t‘ (277)

2.6. Fiscal and Monetary Authorities

For purposes of estimating our models, we must make assumptions about how policy was
conducted in the historical sample. In the case of Sweden there was a break in policy in 1992.
In the decade before 1992, the value of the Krona in relation to a basket of currencies was
held fixed.” After 1992, there are three ways to represent monetary policy. One is to imagine

that the Riksbank conducted policy with commitment with the object of maximizing the

6Log linearizing these equations about the nonstochastic steady state and under the assumption of s¢,, = 0,
we obtain
@1 + 1@ + Ny We1 + ng (e — M) + 14 gﬁtﬂ — preTy)
+ns (Re_1 = 7y) + 16 (7] — paeT, .
07+ ¢+ ngHy + 197! + 01071 + 111G,
Fokbat ¢+ Mighlt 11

E, =0, (2.74)

where
b PAwor — (1= Ay)]
Y=g, (1=¢,)]
and
buw€
Mo wHw
7 (0LAw — b (14 BEL))
7’]3 _bwfw
174 b’wﬁgw
775 bw Ew Rw
’176 o *bwﬂgwﬁw
N7 B (1= Xw)
778 _(1 — )\w)0'5
" 0 M
Mo —(1- )\w)(ljrifw)
M —(1—Aw)
M2 —bwé,
M3 bwBE,,

"There was some adjustment to the exchange because the basket of currencies was adjusted.
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following criterion:
oo 2
. e 2
B Y 5000 [ri ni o (5'))7 4 (100108 (%) )+ Aan (400 (A, ~ i)
=0

A (S: = 5)%

This approach takes the parameters in the criterion, A, Aar and A, as unknown parameters
to be estimated. A second approach is to suppose that policy was Ramsey-optimal, that is
that it was chosen with commitment to maximize the discounted social welfare criterion..
A virtue of this approach is that there are no policy parameters to be estimated. A third
approach is to suppose that policy was conducted according to a Taylor rule of the following
form (see ALLV):

Rt . Rt,1 77'? 7T§_1
log ( R> = pRlog( 7 > + (1 — pg) log (%C) + r, log ( e (2.78)

dp,_ _ ¢ d
+r,log (g b 1) +74log <£>] +razAlog (E) +7ay,Alog (g pt) + 2Ry
gdp q gdp

Jp
Here too, the parameters would be taken as unknowns to be estimated. gdp denotes measured
GDP in the data, which might be different from y in the model. In addition, 7§ is an
exogenous process that characterizes the central bank’s consumer price index inflation target
and its steady state value corresponds to the steady state of actual inflation.

For estimation to be done using a sample beginning with the 1980s, we have to take into
account the break in policy in 1992. In order to avoid transition effects, we plan to drop
data beginning with 1992Q4 and ending with a quarter after the new policy regime is in
place. In formulating the likelihood function of the whole dataset, we plan to treat the pre-
and post-break samples as independent datasets. Currently, we estimate the model on data
from 1995q1-2008q1l. The data discussed below refers to this period.

We model government consumption expenditures as
— ot
Gt = Otz

where g; is an exogenous stochastic process, orthogonal to the other shocks in the model.

We suppose that
logg: = (1 —p,) log g + p,log gi—1 + .
where g = 7,Y. We set 7, = 0.3, the sample average of government consumption as a fraction

of GDP.

The tax rates in our model are:

k b Yy c w
Tt? Tt? Tta Tta Tt'
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We briefly discuss the treatment of these tax rates. In the versions of our model without
financial frictions, capital is accumulated and capital income accrues directly to the house-
hold. However, an observationally equivalent representation of the model has these activities
occurring in the firm. This latter interpretation is the convenient one, when thinking about
the data and, in particular, the measurement of 7%. We set the tax rate on capital income,
7%, to 0.25. We arrived at this number as follows. The statutory rate on household capital
income is 30 percent and the statutory rate on corporate income is 28 percent. Combining
these two numbers we conclude that the statutory rate on corporate and household income
is 50 percent. Indirect evidence from Devereux, Griffith and Klemm (2002) suggests to us
that the effective tax on capital income may be one half this amount, and this is why we set
7% = 0.25 in the model. We reach this conclusion because of Devereux, Griffith and Klemm
observation that the effective corporate income tax is roughly 1/2 of the statutory rate and
we adopt the rough approximation that the same applies to the household tax rate. Our
assumption that 7% is constant is also motivated by Devereux, Griffith and Klemm. Their
measure of the corporate component of the effective capital income tax rate exhibits very
little variation over our sample which is 1995-2005.

Now we turn to the tax rate on bonds, 7°. We set 7% = 0 to be able to roughly match
the pre-tax real rate on bonds of roughly 2.5% in the data. Setting 7° = 0 is required to
get the interest rate on bonds to be this low, given the high GDP growth rate, log utility
of consumption and § bounded below 1. We plan to investigate empirical measures of the
effective tax rate on bonds in the future.

For evidence on 7" we use the data collected by ALLV. Based on these data, we set the
payroll tax rate, 7%, to 0.35. Data on the value-added tax on consumption, 7¢, and the
personal income tax rate that applies to labor, 7Y, are available from Statistics Sweden and
indicate 7¢ = 0.25 and 7Y = 0.3. These are the average values of the corresponding tax rates
over the period 1995-2004. We hold these tax rates constant because they exhibit very little

variability over this period.

2.7. Foreign variables

Below, we describe the stochastic process driving the foreign variables. Our representation
takes into account our assumption that foreign output, Y;*, is affected by disturbances to z;",

just as domestic variables are. In particular, our model of Y;* is:

logV;" = logz +logy,
(8%

= logy; + —log7, +logz,

—
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where log (y;) is assumed to be a stationary process. We assume:

. .
log <z_t> aip a2 a3 0 0 log (y;:1>
T Q21 G2 Q23 Q24 % Ty — T
Ry — R” = | a1 azp az as T Ry - I

log “u— 0 0 0 p,. O log ”f

10g ot 0 0 0 0 p#w log Hyt—1

Hopy Heapy
oy 0 0 0 0 Eyt
Co1 Op 0 g P22 En* t
+ | C31 C32 OR+ C3q % ER* ¢ ’
0 0 0 o, O Ep, it

0 O 0 0 o

Hapy eﬂwi

where the €,’s are mean zero, unit variance, i.i.d. processes uncorrelated with each other. In
matrix form,
* *

in obvious notation. Note that the matrix C' has 10 elements, so that the order condition
for identification is satisfied, since C'C" represents 15 independent equations.

We now briefly discuss the intuition underlying the zero restrictions in A and C'. First,
we assume that the shock, ¢+ ;, affects the first three variables in X}, while e,-; only affects
the second two and g+, only affects the third. The assumption about eg-; corresponds to
one strategy for identifying a monetary policy shock, in which it is assumed that inflation
and output are predetermined relative to the monetary policy shock. Under this interpreta-
tion of eg-,, our treatment of the foreign monetary policy shock and the domestic one are
inconsistent. In our model as currently formulated domestic prices are not predetermined in
the period of a monetary policy shock. Second, note from the zeros in the last two columns
of the first row in A and C, that the technology shocks do not affect y;. This reflects our
assumption that the impact of technology shocks on Y;* is completely taken into account by
2, while all other shocks to Y;* are orthogonal to 2" and they affect Y;* via y;. Third, the
A and C matrices capture the notion that innovations to technology affect foreign inflation
and the interest rate via their impact on z,”. Fourth, our assumptions on A and C' imply
that log (%) and log (%) are univariate first order autoregressive processes driven by
Ep,t and £,y respectively. This is a standard assumption made on technology shocks in
DSGE models.

2.8. Resource Constraints

We begin by deriving a relationship between total output of the domestic homogeneous good,

Y;, and aggregate factors of production. Next, we consider the resource constraint.
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2.8.1. Domestic Homogeneous Output: Production

Consider the unweighted average of the intermediate goods:
1
Y;/sum —_ / Y;J/di
0

1
= / [(ZtHZ‘J)lia Etth — Z;_QS] dl
0
1 Kz « .
= A |:Ztl_a€t <H—’t) Hit — Z:_QZ{| di

1t
KN\ [!
= ztl_aet <ﬁi> /0 Hydi — 2 ¢

where K is the economy-wide average stock of capital services and H; is the economy-wide
average of homogeneous labor. The last expression exploits the fact that all intermediate
good firms confront the same factor prices, and so they adopt the same capital services
to homogeneous labor ratio. This follows from cost minimization, and holds for all firms,

regardless whether or not they have an opportunity to reoptimize. Then,
YU = 2T KPP H] T — 2 6.

Recall that the demand for Y, is
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The preceding discussion implies:

A A

>4 v o \ oty —a arrl-a
Y = (pr) a1 Y = (D) Nt [Ztl e K)H ™ — Zt+¢] :

or, after scaling by z;",

Y 1 1 @ a
Y = (ptyd_l [Et <— kt) Htl - (/5} )
Mg ¢ oo+ ¢

where

kt = Etut. (281)

We replace aggregate homogeneous labor, H;, with aggregate household labor, h;, as follows:

Y 11\ 2w )T
yr = (D) " e | — ki wy T Dy -9l . (2.82)
Mg ¢ oot

2.8.2. Trade Balance

We begin by developing the link between net exports and the current account. Expenses on
imports and net new purchases of foreign assets, A;,1, must equal income from exports and

from previously purchased net foreign assets:

SiAir1 + expenses on imports, = receipts from exports, + Ry Py 1S A,

where @, is as defined in (2.68) in our benchmark model. Expenses on imports correspond to

the purchases of specialized importers for the consumption, investment and export sectors:
)\m,C i )\m,z‘ ] AT
eapenses on imports, = S,P Ry (O (57) T I () A X () T )

using (2.45), (2.46) and (2.47). Note the presence of the price distortion terms here. To
understand these terms, recall that, for example, C}" is produced as a linear homogeneous
function of specialized imported goods. Because the specialized importers only buy foreign
goods, it is their total expenditures that interests us here. When the imports are distributed
evenly across differentiated goods, then the total quantity of those imports is C}", and the
value of imports associated with domestic production of consumption goods is Sy P} R} C™.
When there are price distortions among imported intermediate goods, then the sum of the
homogeneous import goods is higher for any given value of C}". This is captured by the price
distortion terms in the above expression.

We conclude that the current account can be written as follows:
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where @, is defined in section 2.5.3. Expressing the current account in scaled form,

ATC . & AT
U,k o1, C ; o1, — K SM,T\ T_\m,T
ar Pzt + S Pl RY™ | e ()= 4y (pt ) A (py ) I

Pz a
__ t T * t—1~¢—1Wt—1
=2 Stpt Tt + Rt_l@t_lst—

Si—1 ’
where, recall, a; = S; A}, /(P,z"). Dividing by Pz, we obtain
vV, % om,C & . om,1 & oM, T AT
R G A U T b (2:83)
c x * at—1
= QP D; Tt + Rtfl(I)tflSt ! ,
ﬂ-t/“Lz*,t

using (2.33).

We have already defined real, scaled GDP in terms of aggregate factors of production.
It is convenient to also have an expression that exhibits the uses of domestic homogeneous
output. Using (2.41),

. —Az,t

Sy = Gt O 4 I+ [y () + (1= )| 77 (L= wa) (7)™ (7)™ Y7

or, after scaling by 2, and using (2.18):

Y = Gt + (1 — wc) (pg)”]c ct + (p;)m (’Lt +a (U/t) —t) (1 — wi) (284)
Hop o+

N —Ag.t

1—ny or — T\ — *
(1= wg) (B7) e (pF) My

o [ )T 4 (1 )]

We now consider the restrictions across inflation rates implied by our relative price for-
mulas. In terms of the expressions in (2.2) there are the restrictions implied by p/™’ /pi™i,
J = z,¢,1, and pf. The restrictions implied by the other two relative prices in (2.2), p! and
p§, have already been exploited in (2.23) and (2.57), respectively. Finally, we also exploit

the restriction across inflation rates implied by ¢;/q;—1 and (2.3). Thus,

L _-T (2.85)
DPe1 ¢
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This completes the description of the baseline model.

2.9. Endogenous Variables of the Baseline Model

In the above sections we derived following 71 equations,

2.5,2.6,2.7,2.10,2.11,2.12, 2.13, 2.14, 2.16, 2.18, 2.19, 2.20, 2.22, 2.23, 2.24,
2.26,2.31,2.32,2.34, 2.35, 2.36, 2.37, 2.38, 2.42, 2.44, 2.49, 2.50, 2.51, 2.52, 2.48,
2.53,2.55,2.56, 2.57, 2.58, 2.60, 2.61, 2.62, 2.63, 2.64, 2.66, 2.75, 2.76, 2.77, 2.73,
2.70,2.71,2.72,2.78, 2.81, 2.82, 2.83, 2.84, 2.85, 2.86, 2.87, 2.88, 2.89, 2.68

which can be used to solve for the following 71 unknowns:

k- v, % f z T m,c m,i m,x r _c _i _mcCc _mi _mzT
Ty, Wy, BT Ry ) Ry Ry, meg, mey,me, ", mey ey T, Ty, Ty, Ty Ty Ty Ty,

m,T

c ,x m,c _m,i 7. .

Pty PPy Py sPr 5 Py 7pk’,t7kt+17kt+17ut7ht7Ht7qt7,ltact7'rt7at7Stawer,tayt

d d -~ o ~r ox ~m,j om,j., . . ~w k
Kt ) Ft 77Td,t7pt>Kx,t7Fx,ta7Tt7pt y {Km,j,ta Fm,j,taﬂ-t s Py 73] = Cazax}aKw,ta Fw,taﬂ-t 7Rt

oo o m m ..m
(I)t,St,St,CL<Ut) 7wtvct 7Zt 7'rt y T -

3. Introducing Financial Frictions into the Model

A number of the activities in the model of the previous section require financing. Producers
of specialized inputs must borrow working capital within the period. The management of
capital involves financing because the construction of capital requires a substantial initial
outlay of resources, while the return from capital comes in over time as a flow. In the model
of the previous section financing requirements affect the allocations, but not very much. This

is because none of the messy realities of actual financial markets are present. There is no
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asymmetric information between borrower and lender, there is no risk to lenders. In the
case of capital accumulation, the borrower and lender are actually the same household, who
puts up the finances and later reaps the rewards. When real-world financial frictions are
introduced into a model, then intermediation becomes distorted by the presence of balance
sheet constraints and other factors.

Although the literature shows how to introduce financial frictions much more extensively,
here we proceed by assuming that only the accumulation and management of capital involves
frictions. We will continue to assume that working capital loans are frictionless. At the end
of this introduction, we briefly discuss the idea of introducing financial frictions into working
capital loans. Our strategy of introducing frictions in the accumulation and management of
capital follows the variant of the Bernanke, Gertler and Gilchrist (1999) (henceforth BGG)
model implemented in Christiano, Motto and Rostagno (2003). The discussion here borrows
heavily from the derivation in Christiano, Motto and Rostagno (2007) (henceforth CMR).

The financial frictions we introduce reflect fundamentally that borrowers and lenders
are different people, and that they have different information. Thus, we introduce ‘entrepre-
neurs’. These are agents who have a special skill in the operation and management of capital.
Although these agents have their own financial resources, their skill in operating capital is
such that it is optimal for them to operate more capital than their own resources can support,
by borrowing additional funds. There is a financial friction because the management of cap-
ital is risky. Individual entrepreneurs are subject to idiosyncratic shocks which are observed
only by them. The agents that they borrow from, ‘banks’, can only observe the idiosyncratic
shocks by paying a monitoring cost. This type of asymmetric information implies that it is
impractical to have an arrangement in which banks and entrepreneurs simply divide up the
proceeds of entrepreneurial activity, because entrepreneurs have an incentive to understate
their earnings. An alternative arrangement that is more efficient is one in which banks extend
entrepreneurs a ‘standard debt contract’, which specifies a loan amount and a given interest
payment. Entrepreneurs who suffer an especially bad idiosyncratic income shock and who
therefore cannot afford to pay the required interest, are ‘bankrupt’. Banks pay the cost of
monitoring these entrepreneurs and take all of their net worth in partial compensation for
the interest that they are owed. For a graphical illustration of the financing problem in the
capital market, see Figure A.

The amount that banks are willing to lend to an entrepreneur under the standard debt
contract is a function of the entrepreneur’s net worth. This is how balance sheet constraints
enter the model. When a shock occurs that reduces the value of the entrepreneur’s assets,
this cuts into their ability to borrow. As a result, they acquire less capital and this translates
into a reduction in investment and ultimately into a slowdown in the economy.

The ultimate source of funds for lending to entrepreneurs is the household. The standard
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debt contracts extended by banks to entrepreneurs are financed by issuing liabilities to
households. Although individual entrepreneurs are risky, banks themselves are not. We
suppose that banks lend to a sufficiently diverse group of entrepreneurs that the uncertainty
that exists in individual entrepreneurial loans washes out across all loans. Extensions of the
model that introduce risk into banking have been developed, but it is not clear that the
added complexity is justified.

In the model, the interest rate that households receive is nominally non state-contingent.
This gives rise to potentially interesting wealth effects of the sort emphasized by Irving Fisher
(1933). For example, when a shock occurs which drives the price level down, households
receive a wealth transfer. Because this transfer is taken from entrepreneurs, their net worth
is reduced. With the tightening in their balance sheets, their ability to invest is reduced,
and this produces an economic slowdown.

At the level of abstraction of the model, the capital stock includes both housing and
business capital. As a result, the entrepreneurs can also be interpreted as households in their
capacity of homeowners. An expanded version of the model would pull apart the household
and business sectors to study each individually. Another straightforward expansion of the
model would apply the model of financial frictions to working capital loans.

With this model, it is typically the practice to compare the net worth of entrepreneurs
with a stock market quantity such as the Dow Jones Industrial Average. Whether this is
really appropriate is uncertain. A case can be made that the ‘bank loans’ of entrepreneurs in
the model correspond well with actual bank loans plus actual equity. It is well known that
dividend payments on equity are very smooth. Firms work hard to accomplish this. For
example, during the US Great Depression some firms were willing to sell their own physical
capital in order to avoid cutting dividends. That this is so is perhaps not surprising. The
asymmetric information problems with actual equity are surely as severe as they are for
the banks in our model. Under these circumstances one might expect equity holders to
demand a payment that is not contingent on the realization of uncertainty within the firm
(payments could be contingent upon publicly observed variables). Under this vision, the
net worth in the model would correspond not to a measure of the aggregate stock market,
but to the ownership stake of the managers and others who exert most direct control over
the firm. The ‘bank loans’ in this model would, under this view of things, correspond to
the actual loans of firms (i.e., bank loans and other loans such as commercial paper) plus
the outstanding equity. While this is perhaps too extreme, these observations highlight
that there is substantial uncertainty over exactly what variable should be compared with
net worth in the model. It is important to emphasize, however, that whatever the right
interpretation is of net worth, the model potentially captures balance sheet problems very

nicely.
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Finally, we make some remarks on the introduction of financial frictions into working
capital loans. It is possible to accomplish this with relatively little modification to the
model, by following the strategy described in Fisher (1998). However, with this strategy
the effects of financial frictions are quite modest, because the firms in the model which use
working capital do not have assets. As a result, the balance sheet channel does not operate.
We conjecture that for financial frictions in working capital to be interesting, the borrowing
firms would need to have assets. One way this could be accomplished would be to assume
that they use and own capital that is specific to their firm. In this way, fluctuations in the
value of that capital induced by changes in asset prices would change their ability to borrow,
and hence to produce. This strategy is algebra-intensive because of the fact that these firms

also set their prices subject to Calvo frictions.

3.1. Modifying the Baseline Model

The financial frictions bring a net increase of two equations over the equations in the model of
the previous section. In addition, they introduce two new endogenous variables, one related
to the interest rate paid by entrepreneurs as well as their net worth. The financial frictions
also allow us to introduce two new random variables. We now provide a formal discussion
of the model.

As we shall see, entrepreneurs all have different histories, as they experience different
idiosyncratic shocks. Thus, in general, solving for the aggregate variables would require also
solving for the distribution of entrepreneurs according to their characteristics and for the law
of motion for that distribution. However, as emphasized in BGG, the right functional form
assumptions have been made in the model, which guarantee the result that the aggregate
variables associated with entrepreneurs are not a function of distributions. The loan contract
specifies that all entrepreneurs, regardless of their net worth, receive the same interest rate.
Also, the loan amount received by a entrepreneur is proportional to his level of net worth.

These are enough to guarantee the aggregation result.

3.1.1. The Individual Entrepreneur

At the end of period t each entrepreneur has a level of net worth, IV, ;. The entrepreneur’s
net worth, Ny, constitutes his state at this time, and nothing else about his history is
relevant. We imagine that there are many entrepreneurs for each level of net worth and that
for each level of net worth, there is a competitive bank with free entry that offers a loan
contract. The contract is defined by a loan amount and by an interest rate, both of which
are derived as the solution to a particular optimization problem.

Consider a type of entrepreneur with a particular level of net worth, N,,;. The entrepre-
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neur combines this net worth with a bank loan, B;.1, to purchase new, installed physical

capital, K1, from capital producers. The loan the entrepreneur requires for this is:
Bt+1 - Pth/,thJrl - Nt+1. (31)

The entrepreneur is required to pay a gross interest rate, Z; 1, on the bank loan at the end
of period t+1, if it is feasible to do so. After purchasing capital the entrepreneur experiences
an idiosyncratic productivity shock which converts the purchased capital, K;, 1, into K, w.
Here, w is a unit mean, lognormally and independently distributed random variable across
entrepreneurs. The variance of logw is o?. The t subscript indicates that o; is itself the
realization of a random variable. This allows us to consider the effects of an increase in the
riskiness of individual entrepreneurs. We denote the cumulative distribution function of w
by F(w;0). and its partial derivatives as e.g. F,(w;0), Fy(w;0)

After observing the period t + 1 shocks, the entrepreneur sets the utilization rate, w1,
of capital and rents capital out in competitive markets at nominal rental rate, Pt+1rf+1. In
choosing the capital utilization rate, the entrepreneur takes into account that operating one
unit of physical capital at rate u;y; requires a(u;y1) of domestically produced investment
goods for maintenance expenditures, where a is defined in (2.16). The entrepreneur then
sells the undepreciated part of physical capital to capital producers. Per unit of physical
capital purchased, the entrepreneur who draws idiosyncratic shock w earns a return (after
taxes), of R}, ,w, where Ry, | is defined in (2.59). Because the mean of w across entrepreneurs
is unity, the average return across all entrepreneurs is R¥ 1

After entrepreneurs sell their capital, they settle their bank loans. At this point, the
resources available to an entrepreneur who has purchased K, units of physical capital in
period ¢ and who experiences an idiosyncratic productivity shock w are BPk/,tRwaKtH.
There is a cutoff value of w, @;,1, such that the entrepreneur has just enough resources to

pay interest:
@i RY PPy Koy = Zii1 By (3.2)

Entrepreneurs with w < w;,1 are bankrupt and turn over all their resources,
. _
Rt+1WPth’,th+1>

to the bank, which is less than 7,1 B,;,. In this case, the bank monitors the entrepreneur,
at cost
MRfHWPth’,thHa

where ;1 > 0 is a parameter.
We note briefly that the definition of R}, lacks some realism because it does not take

into account the deductibility of interest payments. With the more realistic treatment of
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interest, the after tax rate of return on capital would be changed from (2.59) to include

deductibility of interest payments for firms:

i B
(1- Tf) [Utﬂrfﬂ - gi_ia(utﬂ) — (Zi1 — 1)Pth/TIl<t+1] P

Rf-s—l = Py Py
N (1 =0)Pyy1Prgyr + 7;0P Py
PPy 4
(1—17F) [Ut+17“f+1 - ﬁa(utﬂ) - ‘DtHRfﬂ + ﬁ;—(m} P
= Py Py y
N (1= 0)Prt1 Py i1 + 750 PPy y

)
By Py

by (3.2). With this representation, RF is a function of features of the loan contract. This will
change the choice of optimal contract, discussed below. We plan to explore the implications
of this in future work.

Banks obtain the funds loaned in period ¢ to entrepreneurs by issuing deposits to house-
holds at gross nominal rate of interest, R;. The subscript on R; indicates that the payoff to
households in ¢ + 1 is not contingent on the period ¢ + 1 uncertainty. This feature of the
relationship between households and banks is simply assumed. There is no risk in household
bank deposits, and the household Euler equation associated with deposits is exactly the same
as (2.64).

We suppose that there is competition and free entry among banks, and that banks par-
ticipate in no financial arrangements other than the liabilities issued to households and the
loans issued to entrepreneurs.® It follows that the bank’s cash flow in each state of period
t + 1 is zero, for each loan amount.” For loans in the amount, B, ;, the bank receives gross
interest, Z;.1By11, from the 1 — F (w;41; 04) entrepreneurs who are not bankrupt. The bank
takes all the resources possessed by bankrupt entrepreneurs, net of monitoring costs. Thus,

the state-by-state zero profit condition is:
W41 _
[1 = F(©@t1500)] ZeraBea + (1 — #)/ wdF (w;0¢) Ry PiPe Ky 1 = RyBy,
0

or, after making use of (3.2) and rearranging,

k
iIQt =0 —1 (33)

[[(©0e1504) — pG(QDpg1; 04)] 7
t

81f banks also had access to state contingent securities, then free entry and competition would imply that
banks earn zero profits in an ex ante expected sense from the point of view of period t.

9 Absence of state contingent securities markets guarantee that cash flow is non-negative. Free entry
guarantees that ex ante profits are zero. Given that each state of nature receives positive probability, the
two assumptions imply the state by state zero profit condition quoted in the text.
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where

Wit+1
G(wiy1;00) = / wdF(w;0y).
0

D(©0p1504) = @pp1 [1 = F(©Opy1504)] + G(@4415 04)

The expression, I'(w;41;0¢) — pG(wi11; 04) is the share of revenues earned by entrepreneurs
that borrow By, which goes to banks. Note that I';(w1;04) = 1 — F(wi41;0¢) > 0 and
Go(Wr1;01) = Wi Fo(Wig1;04) > 0. It is thus not surprising that the share of entrepre-
neurial revenues accruing to banks is non-monotone with respect to w; ;. BGG argue that
the expression on the left of (3.3) has an inverted ‘U’ shape, achieving a maximum value at
W1 = w*, say. The expression is increasing for w;,; < w* and decreasing for w;,; > w*.
Thus, for any given value of p, and RfH /Ry, generically there are either no values of w; 4
or two that satisfy (3.3). The value of w;;; realized in equilibrium must be the one on the
left side of the inverted ‘U’ shape. This is because, according to (3.2), the lower value of
w41 corresponds to a lower interest rate for entrepreneurs which yields them higher welfare.
As discussed below, the equilibrium contract is one that maximizes entrepreneurial welfare
subject to the zero profit condition on banks. This reasoning leads to the conclusion that
@41 falls with a period ¢ + 1 shock that drives RF ", up. The fraction of entrepreneurs that
experience bankruptcy is F (@;11;0;), so it follows that a shock which drives up RF \1 has a
negative contemporaneous impact on the bankruptcy rate. According to (2.59), shocks that
drive Ry, up include anything which raises the value of physical capital and/or the rental
rate of capital.

As just noted, we suppose that the equilibrium debt contract maximizes entrepreneurial
welfare, subject to the zero profit condition on banks and the specified required return on
household bank liabilities. The date t debt contract specifies a level of debt, B;,; and a state
t + 1—contingent rate of interest, Z;,,. We suppose that entrepreneurial welfare corresponds
to the entrepreneur’s expected wealth at the end of the contract. It is convenient to express
welfare as a ratio to the amount the entrepreneur could receive by depositing his net worth

in a bank:

E [ [RF WP Py K1 — Zys1Biyr] dF (w;oy)

Wit1
RiNiq )
B E, f;il (w — @] dF (w; Ut)RfHPth',thH
B RNy
N N [
= By [1 = T(@¢415 04)] R O
t
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after making use of (3.1), (3.2) and

1= / wdF(w; o) = / wdF(w;0¢) + G(Wpr1; 01).
0 o

t+1
We can equivalently characterize the contract by a state-t+1 contingent set of values for w; 4
and a value of g,. The equilibrium contract is the one involving w;,; and g, which maximizes
entrepreneurial welfare (relative to R;N;,1), subject to the bank zero profits condition. The
Lagrangian representation of this problem is:

k

R RE
max F; {[1 — T(@41; 00)] —=2 0, + Apst ([F(@Hl; 01) — pG(@1;00)] —2H o, — 0, + 1) } ,
0p @41} R, R,

where \;y; is the Lagrange multiplier which is defined for each period ¢ 4 1 state of nature.

The first order conditions for this problem are:

RF Rk
E, {[1 — D@15 04)] Erl + A1 ([F(Wt+1; or) — pG(@ey1; 0] ]tgl — 1)} =0
t ¢
- Rfﬂ _ - Rf—i—l
—I'o (@415 04) + A1 [Da(@ig1; 04) — pG(@ip1; 04)] = 0
Rt Rt
Rf,

— o0 —o+1 = 0,
t

[T(@i41;00) — pG(@i41; 04)]

where the absence of \;;; from the complementary slackness condition reflects that we as-
sume A\;yq > 0 in each period ¢+ 1 state of nature. Substituting out for A\;,; from the second

equation into the first, the first order conditions reduce to:

[1— D (@15 00)] Rfyy + Do (@t41;0t)
Et t+1;0¢ R F@(wt_._l;at)R—uG@ (Dt41;0¢) - 0 (34)
([F(‘Dt-i-l? 1) = pG(@i11;04)] qul - 1)
Rk
[ (@e41; 04) — pG(@r41504)] %Qt —o+1 = 0, (3.5)
t

fort=0,1,2,...00 and for t = —1,0, 1, 2, ... respectively.
Since N;i; does not appear in the last two equations, we conclude that o, and w;; are

the same for all entrepreneurs, regardless of their net worth. The results for g, implies that

i.e. that an entrepreneur’s loan amount is proportional to his net worth. Rewriting (3.1)

and (3.2) we see that the rate of interest paid by the entrepreneur is

- k - k
A wt+1Rt+1 . Wt+1Rt+1 (3 6)
t+1 — _ Nit1 - 1— 1 .

Pth’,th+1 Qt

which is the same for all entrepreneurs, regardless of their net worth.
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3.1.2. Aggregation Across Entrepreneurs and the Risk Premium

Let f(Nyy1) denote the density of entrepreneurs with net worth, N;;;. Then, aggregate

average net worth, Ny 1, is

Nt+1 = Nt+1f (Nt+1)dNt+1-

Nty

We now derive the law of motion of N;,;. Consider the set of entrepreneurs who in period
t — 1 had net worth N. Their net worth after they have settled with the bank in period # is

denoted V;V, where
VN = R{P,_1 Py 1 K} = T(@4;001) REP_1 Py 1 K (3.7)

where K}V is the amount of physical capital that entrepreneurs with net worth N; acquired

in period ¢t — 1. Clearing in the market for capital requires:
Ny
Multiplying (3.7) by f ({V;) and integrating over all entrepreneurs,
Vi= prt—lpk’,t—ll_(t — (@ Ut—l)RfPt—lpk’,t—lf_(t-
Writing this out more fully:
Vi = R{Pi 1Py 1 K — {[1 — F(wy00-1)] wr + / wdF (w; Ut—l)} R{P, 1 Poy 1K,
0
=Ry P,_1 Py 1 K,
- {[1 — F(wg;00-1)] e + (1 — ,u)/ wdF (w;o¢1) + ,u/ wdF (w; at_l)} RFP, Py 1 K.
0 0

Note that the first two terms in braces correspond to the net revenues of the bank, which
must equal Ry 1(P_1 Py 1K; — N;). Substituting:

U fowt wdF (w; 0oy 1)RFP_1 Py 1 K,
PPy 1 Ky — Ny

Vi= prt—lpk',t—J_Q - {Rt—l + } (Rﬁ—lpk',t—lf_(t — Nt)-

After V; is determined, each entrepreneur faces an identical and independent probability
1 — 7, of being selected to exit the economy. With the complementary probability, v,, each
entrepreneur remains. Because the selection is random, the net worth of the entrepreneurs
who survive is simply 7,V;. A fraction, 1—+,, of new entrepreneurs arrive. Entrepreneurs who
survive or who are new arrivals receive a transfer, W . This ensures that all entrepreneurs,

whether new arrivals or survivors that experienced bankruptcy, have sufficient funds to obtain
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at least some amount of loans. The average net worth across all entrepreneurs after the Wy

transfers have been made and exits and entry have occurred, is Ny = 7,V + W, or,

Hfowt wdF (w; 04 1)RFP,_1 Py 1 K,
P 1Py 1 Ky — Ny

Ny = Vt{RfPtflpk’,tflf(t — | Rio1 + (PtflPk’,tflkt

WY,

3.2. Solving the Financial Frictions Model

In this subsection we indicate how the equilibrium conditions of the baseline model must be
modified to accommodate financial frictions. We then consider the problem of solving for

the model’s steady state.

3.2.1. Equilibrium Conditions

Consider the households. Households no longer accumulate physical capital, and the first
order condition, (2.61), must be dropped. No other changes need to be made to the household
first order conditions. Equation (2.64) can be interpreted as applying to the household’s
decision to make bank deposits. The household equations, (2.57) and (2.62), pertaining
to investment can be thought of as reflecting that the household builds and sells physical
capital, or it can be interpreted as the first order condition of many identical, competitive
firms that build capital (note that each has a state variable in the form of lagged investment).
We must add the three equations pertaining to the entrepreneur’s loan contract: the law of
motion of net worth, the bank’s zero profit condition and the optimality condition. Finally,
we must adjust the resource constraints to reflect the resources used in bank monitoring and
in consumption by entrepreneurs.

We adopt the following scaling of variables, noting that Wy is set so that its scaled

counterpart is constant: .

Nt+1 w® = Wte
+ - +

P,z P,z

Dividing both sides of (3.8) by P;z;", we obtain the scaled law of motion for net worth:

N1 =

Ng41 = mZ;’t [prk’,t—ll%t — Ry (pk’,t—lfft - nt) — pG (Wg5041) prk’,t—lfft} +w,  (3.9)
for t = 0,1,2,... . Equation (3.9) has a simple intuitive interpretation. The first object
in square brackets is the average gross return across all entrepreneurs in period ¢. The
two negative terms correspond to what the entrepreneurs pay to the bank, including the
interest paid by non-bankrupt entrepreneurs and the resources turned over to the bank by
the bankrupt entrepreneurs. Since the bank makes zero profits, the payments to the bank by

entrepreneurs must equal bank costs. The term involving R, ; represents the cost of funds

o4

- N}

(3.8)



loaned to entrepreneurs by the bank, and the term involving p represents the bank’s total
expenditures on monitoring costs.
The zero profit condition on banks, eq. (3.5), can be expressed in terms of the scaled

variables as:

R n
L(@iy1500) — pG(@e41;04) = Rkt (1 T ZJ—I{:H) ; (3.10)
t+1 "

for t = —1,0,1,2,... . The optimality condition for bank loans is (3.4).
The household’s first order condition associated with the accumulation of capital, (2.61),

must be dropped. The output equation, (2.82), does not have to be modified. Instead,

the resource constraint for domestic homogenous goods (2.84) needs to be adjusted for the

monitoring costs:

ki

M Vw311
Mw,t”z+,t>

Yo —dy = go+ (1 — 00 () 0 + ()" ( a(u)

g At

+ W, (p;n,x)l—ﬁz 4 (1 . Wx):| 1-ng (1 . Wx) (ﬁf) Xgt—1 (pf)*nf y;:k’

where _
pG(wy; 041) Ry pi -1k
T+ ¢ .
When we later take the model to data measured GDP is taken to be the left-hand side of
eq. (3.11), gdp; = y; — d;.
Account has to be taken of the consumption by exiting entrepreneurs. The net worth of

dt:

these entrepreneurs is (1 —,) V; and we assume a fraction, 1 — ©, is taxed and transferred
in lump-sum form to households, while the complementary fraction, ©, is consumed by the

exiting entrepreneurs. This consumption can be taken into account by subtracting

@]‘_’Yt

(nep1 — w2t By
Tt

from the right side of (2.17). In practice we do not make this adjustment because we assume
O is sufficiently small that the adjustment is negligible.

We now turn to the risk premium on entrepreneurs. The cost to the entrepreneur of
internal funds (i.e., his own net worth) is the interest rate, R;, which he loses by applying it to
capital rather than just depositing it in the bank. The average payment by all entrepreneurs
to the bank is the entire object in square brackets in equation (3.8). So, the term involving
1 represents the excess of external funds over the internal cost of funds. As a result, this
is one measure of the risk premium in the model. Another is the excess of the interest rate
paid by entrepreneurs who are not bankrupt, over R; :

~ k
Wi R

Zer1 — By = 5 — Ry,

nttl
Pt k1
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according to (3.6).
The financial frictions brings a net increase of 2 equations (we add (3.4), (3.9) and (3.10),
and delete (2.61)) and two variables, n,,1 and @;;. This increases the size of our system to

72 equations in 72 variables. The financial frictions also introduce additional shocks, o; and

Y-

4. Introducing Unemployment into the Model

This section replaces the model of the labor market in our baseline model with the search and
matching framework of Mortensen and Pissarides (1994) and, more recently, Hall (2005a,b,c)
and Shimer (2005a,b). We integrate the framework into our environment - which includes
capital and monetary factors - following the Gertler, Sala and Trigari (2008) (henceforth
GST) strategy implemented in Christiano, Ilut, Motto, and Rostagno (2007). A key feature
of the GST model is that there are wage-setting frictions, but they do not have a direct
impact on on-going worker employer relations. However, wage-setting frictions have an
impact on the effort of an employer in recruiting new employees. In this sense, the setup is
not vulnerable to the Barro (1977) critique of sticky wages. The model is also attractive
because of the richness of its labor market implications: the model differentiates between
hours worked and the quantity of people employed, it has unemployment and vacancies.
The labor market in our alternative labor market model is a modified version of the GST
model. GST assume wage-setting frictions of the Calvo type, while we instead work with
Taylor-type frictions. In addition, we adopt a slightly different representation of the produc-
tion sector in order to maximize comparability with our baseline model. A key difference is
that we allow for endogenous separation of employees from their jobs, as in e.g. den Haan,
Ramey and Watson (2000). In what follows, we first provide an overview and after that we

present the detailed decision problems of agents in the labor market.

4.1. Sketch of the Model

As in the discussion of section 2.2, we adopt the Dixit-Stiglitz specification of homogeneous
goods production. A representative, competitive retail firm aggregates differentiated inter-
mediate goods into a homogeneous good. Intermediate goods are supplied by monopolists,
who hire labor and capital services in competitive factor markets. The intermediate good
firms are assumed to be subject to the same Calvo price setting frictions in the baseline
model.

In the baseline model, the homogeneous labor services are supplied to the competitive
labor market by labor retailers (contractors) who combine the labor services supplied to

them by households who monopolistically supply specialized labor services (see section 2.2).
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The modified model dispenses with the specialized labor services abstraction. Labor services
are instead supplied to the homogeneous labor market by ‘employment agencies’. See Figure
A for a graphical illustration. The change leaves the equilibrium conditions associated with
the production of the homogeneous good unaffected.'’

Each employment agency retains a large number of workers. At the beginning of the
period a fraction, 1 — p, of workers is randomly selected to separate from the agency and go
into unemployment. Also, a number of new workers arrive from unemployment in proportion
to the number of vacancies posted by the agency in the previous period. After separation
and new arrivals occur, the nominal wage rate is set.

The nominal wage paid to an individual worker is determined by Nash bargaining, which
occurs once every NN periods. The employees of an agency are represented by a union at
negotiations. This assumption has no consequences except that it makes clear which wage
(i.e. the collectively negotiated wage) will apply to workers arriving at the agency during
the duration of the wage contract. As an alternative, we also consider the case when each
worker bargains with the employer on a unilateral basis (see section 4.4.2). Each employment
agency is permanently allocated to one of N different cohorts. Cohorts are differentiated
according to the period in which they renegotiate their wage. Since there is an equal number
of agencies in each cohort, 1/N of the agencies bargain in each period. The wage in agencies
that do not bargain in the current period is updated from the previous period according to
the same rule used in our baseline model.

Next, each worker realizes an idiosyncratic productivity shock and workers with a shock
below an endogenously determined cutoff separate into unemployment. The cutoff level of
productivity is chosen relative to a particular surplus criterion,in our main case maximizing
the surplus of the employment agency. The intensity of each worker’s labor effort is then
determined by an efficiency criterion. To explain how labor intensity is chosen, we discuss
the implications of increased intensity for the worker and for the employment agency. The
utility function of the household in the present labor market model is a modified version of
(2.54):

oo N— 1 1+UL
—tf e (St —i i
B> B¢ 10g(Cror = bChmn) = R AL | Y ltjr o (1= F (@)l |} (41)
=0 i=0

where [1 - F (&i +l)} i 4 is the quantity of people working in cohort 7 and ¢;; is the intensity
with with each worker in cohort ¢ works. Asin GST, we follow the family household construct

of Merz (1995) in supposing that each household has a large number of workers. Although

10 An alternative (perhaps more natural) formulation would be for the intermediate good firms to do their
own employment search. We instead separate the task of finding workers from production of intermediate
goods in order to avoid adding a state variable to the intermediate good firm, which would complicate the
solution of their price-setting problem.
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the individual worker’s labor market experience - whether employed or unemployed - is
determined in part by idiosyncratic shocks, the household has sufficiently many workers
that the total fraction of workers employed, L;, as well as the fractions allocated among
the different cohorts, [1 — F (@})]li, i = 0,..., N — 1, is the same for each household. We
suppose that all the household’s workers are supplied inelastically to the labor market (i.e.,
labor force participation is constant). Each worker passes randomly from employment with
a particular agency to unemployment and back to employment according to the endogenous
probabilities described below.

The household’s currency receipts arising from the labor market are:

quantity of people working in cohort %

/_/%
(1—7Y) (1= L) Pzt + Z W} [1-F @) Sit

(4.2)

where W}/ is the nominal wage rate earned by workers in cohort 7 = 0, ..., N — 1. The index,
1, indicates the number of periods in the past when bargaining occurred most recently. As
in our baseline model, there is a labor income tax 7¢ and a payroll tax 7 that affect the
after-tax wage. Note that we implicitly assume that labor intensity, ¢;;, is cohort-specific.
This is explained below. The presence of the term involving b" indicates the assumption that
unemployed workers receive a payment of b%z;" final consumption goods. The unemployment
benefits are financed by lump sum taxes.

Let the price of labor services, W;, denote the marginal gain to the employment agency
that occurs when an individual worker raises labor intensity by one unit. Because the
employment agency is competitive in the supply of labor services, W, is taken as given and
is the same for all agencies, regardless of which cohort it is in. Labor intensity equates the

worker’s marginal cost to the agency’s marginal benefit:

& !
= oL __ 4.
W 1— fz Ct ng,t Uy ( 3)
fori=0,...,N — 1. Here,
EZ = & (di;aw) = / adF (a;04,4) (4.4)
Fl = F (ai;aa,t) :/ dF (a;04y4) - (4.5)
0

and &/ (1 — F}) is the average productivity of a worker in working in cohort 7 (i.e., who has
survived the endogenous productivity cut). Division by 1 — F} is required in (4.3) so that
the expectation is relative to the distribution of a conditional on a > a;. To understand the

expression on the right of (4.3), note that the marginal cost, in utility terms, to an individual
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g

worker who increases labor intensity by one unit is C?ALQ‘“L. This is converted to currency
’

units by dividing by the multiplier, v;, on the household’s nominal budget constraint. Scaling
(4.3) by P,z yields:

1
wz+,t
Labor intensity will be potentially different across cohorts because &/ (1 — F}) in (4.6)

U_)t gtl _ ChAquL
1 o H t 2.t

(4.6)

is indexed by cohort. When the wage rate is determined by Nash bargaining, it is taken
into account that labor intensity is determined according to (4.6) and that some workers will

endogenously separate. Note, that the ratio

&
(1—-F)sit

will be the same for all cohorts since all other variables in (4.6) are not indexed by cohort.
Finally, the employment agency in the i cohort determines how many employees it will

have in period ¢ + 1 by choosing vacancies, v!. The vacancy posting costs associated with v?

'f;f ([1 _ }_;1();)] @')2 [1—F(a)] I,

units of the domestic homogeneous good. Here, [1 — F (a!)] I} denotes the number of em-

are:

ployees in the i'® cohort after endogenous separations have occurred and xz; /2 is a cost
parameter which is assumed to grow at the same rate as the overall economic growth rate.
Also, @, is the probability that a posted vacancy is filled. The functional form of our cost
function nests GT and GST when + = 1. With this parameterization the cost function is in
terms of the number of people hired, not the number of vacancies per se. We interpret this
as reflecting that the GT and GST specifications emphasize internal costs (such as training
and other) of adjusting the work force, and not search costs. In models used in the search
literature (see, e.g., Shimer (2005a)), vacancy posting costs are independent of @y, i.e., t = 0.
We also plan to investigate this latter case. We suspect that the model implies less amplifi-
cation in response to expansionary shock in the case, © = 0. In a boom, (); can be expected

to fall, so that with + = 1, costs of posting vacancies decrease in the GT specification.

4.2. Employment-Agency

An employment agency in the i"* cohort which does not renegotiate its wage in period t sets
the period t wage, I/T/i,t, as in (2.69):

Wi,t = ﬁw,tﬁfi—l,t—h Twt = (1) (ﬁt)(l_ﬁw_%w) ()7 (e )™, (4.7)
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fori =1,..., N — 1 (note that an agency that was in the i"* cohort in period ¢ was in cohort
i — 1 in period t — 1) where Ky, 36y, Y, kw + 60 € (0,1) . After wages are set, employment
agencies in cohort ¢ decide on endogenous separation, post vacancies to attract new workers

in the next period and supply labor services, lis;;, into competitive labor markets.

4.2.1. Employment-Agency Problem

To understand how agencies bargain and how they make their employment decisions, it is
useful to consider F (I?,w;), the value function of the representative employment agency
in the cohort that negotiates its wage in the current period. The arguments of F' are the
agency’s workforce after beginning-of-period exogenous separations and new arrivals, [?, and
an arbitrary value for the nominal wage rate, w;. We are thus interested in the employment
agency’s problem after the wage rate has been set, when endogenous separations take place,
followed by the setting of vacancies. To simplify notation, we leave out arguments of F' that
correspond to economy-wide variables. We find it convenient to adopt a change of variables.
We suppose that the employment agency chooses a particular monotone transform of vacancy

postings, which we denote by 6? :

Qi
(1=F)u

S+~
Il

N

where 1 — F/ denotes the fraction of the beginning-of-period ¢ workforce in cohort j which

remains after endogenous separations. The agency’s hiring rate is related to 17{ by:
Xt = Q7. (4.8)

The timing in the endogenous separation model is that at the beginning of period t,
exogenous separations occur, and new arrivals occur. Then, if this is a bargaining period,
bargaining occurs. Then, idiosyncratic productivities are realized and a cutoff productivity,
ag’, is determined. Thus, the fraction of the current workforce in cohort j that is let go is
F} and the fraction that survives is 1 — F}. So, if I/ is the work force just after exogenous
separations and new arrivals, then

(1-F)HY

is the size of the workforce after endogenous separations. The law of motion of the work

force in each cohort is:

U= (d+p) (1= F) . (4.9)
for j = 0,1,..., N — 1, with the understanding here and throughout that ;7 = N is to be
interpreted as j = 0 and where liill is the workforce after new arrivals and exogenous

separations in period ¢ + j. Expression (4.9) is deterministic, reflecting the assumption that
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the agency employs a large number of workers. After endogenous separations, agencies post
vacancies.

The value function of the employment agency is:

‘fraction’ of Z{Jrj with productivity a

v o /_/H
F(lj,wi) = ZﬁjEtima [/_ (Wirja — Ty jwe) G dF (a)
Uy @y
costs are proportional to workforce after current period separations
+ N
RZ{ i , v . .
- Pyt (7)° (1= 7, e
v
+8VE, ZFNF <lt+N7 Wt+N> ;
t
where ¢, is assumed to satisfy (4.6). Simplifying,
N-1 . ‘
F(Iw) = Z B Etv_ max[(Wtﬂegﬂ —Tyjwi [1=Fy5]) Siess (4.10)
j=0 t UH_J
'{Z;j ~7\ % J J
—DPiyj o (Ut) (1 - ftﬂ)]ltﬂ
v
+BV B~ F (ZHN, WHN) :
t
Here,
) Twpr o Twer, J >0
Iy = { 1 =0 (4.11)

Also, Wt+ ~ denotes the Nash bargaining wage rate that will be negotiated when the agency
next has an opportunity to do so. At time ¢, the agency takes Wt+ N as given.
Writing out (4.10):

F(lw) = s {[(thp_wt@_f,?)) - R ) (- #) |

Jr
+OE, U;H {(Wtﬂgtlﬂ = Tawe (1= Fly)) S — PtH% (Bi)" (1= '7:t+1)}

t

x(x;+p) [1-F]Y

+
AT [(Wtﬁgzﬁ P (1= Fa)) iva = Puna™222 (,,)° (1 - ft+2)]

t
X (e +0) (¢ +p) (1= Fia) A= F)
4.+
_}_BNEtUIfULNF <lt+N7Wt+N> .
t
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The agency chooses vacancies to solve the problem in (4.10). We impose the following
property:
F (1), wi) = J (wi) 17, (4.12)

where J (w;) is not a function of [2. The function, J (w;), is the surplus that a employment
agency bargaining in the current period enjoys from a match with an individual worker,

when the current wage is w;. For convenience, we omit the expectation operator F; below.
Let

J(w)) = max {(Wi& —wi (1= F))<os — Ptzfg (3)7 [1 = F] (4.13)

{”gﬂ'}j‘\:o
—I—BU;:I |:(Wt+1gt1+l — [iawy (1 - ~7:tl+1)) SLi+l Ptﬂzttrlg (6;1)%7 (1 N ftﬂrl)} :
(@ +p) (1—F)

_’_62 U;+2 [(Wt+2gf+2 - Ft,QCUt (1 — ft2+2)> S2.t+2 — R+22;—2£ (f}t2+2)90 (1 i ﬂ2+2):| v
t

(BQ1" + ) (5:,Q1 +p) (1= Fly) [L = ]

ot

+3" UZN J (Wt+N> (T0Qr ™ +p) (0 1Q1 " +p) - (BN Qi1 +p) X

(1= F) - (= 7))
4.2.2. Vacancy Decision

We require expressions for the vacancy posting decisions of the employment agencies. We
derive optimal vacancy posting decisions of employment agencies by differentiating (4.13)
with respect to ) and multiply the result by (f}?Q%_L + p) /Q1™", to obtain:
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0 = —PBz'k (Ut)w 1[1_'7:250] (BQ " +r) Q™
—1—51);;1 l(Wt—&-lgtJrl — [y 1wy [1 - ~7:t+1]) SLt+l — PtHZ;lg (T)tlﬂ)w (1 N EIH)} :
(7Q1 +p) [1 = 77

+52 ULH [(Wt+25t2+2 — Dipwy [1 = Fipo]) Courz — PHQZ;FQ% (F2)” (1 - ft?ﬁﬂ :

t
(WQi +p) (31,1 Qbrt + ) [1 = Fhy] [1 = 7]
o+
g (Wmv) (B°QF" + p) (BLQF " +p) - - (NN, QL 41+ p) X

Uy

[L=Fiva] -1 -A]
= J(w) — (W — wi (1= F2)) s + Ptzjg (5% [1— 7]

~Pfw ()7 [L= F (#Q1 +p) jQi™

Since the latter expression must be zero, we conclude:
R /.
J(w) = W& —wi (1—=F)))cor — Ptzj; (39)7 [1 = F]

P ()7 [ A (801 + ) [
(W =y (1= 7)) cou+ Ptz:“fi [(1 _ é) (50)7 & (@) 2| 1= ).

t

Next, we obtain simple expressions for the vacancy decisions from their first order nec-

essary conditions for optimality. Multiplying the first order condition for o;,, by

. ., 1
(0,1Qit +p) ==

t+1
we obtain:
5 - _ - 1
0 = —5Ut+1 Pt+12;r1’f (Utlﬂ)@ ' [ ‘7:tl+1} ( 0, Q"+ P) (U:51+1Qt1+1 + p) [ - fto}
Uy Qt+1
2 Ut42 2 2 + K2 2
+5 o |:(Wt+28t+2 —Tiows (1= Ffy)) a2 — Pt+2Zt+2; (0710)7 [1 = Fipa)
(0@ +p) (01Qii1 +p) [1 = Fop] [1 = F]
+...+
5N U:;NJ <Wt+N> (17?Q§_L + P) (6t1+1Q§_L + P) e ({)ﬁd\fl 1Qt+N 1+ p)

(1= FaNa] - L =A
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Substitute out the period ¢t + 2 and higher terms in this expression using the first order

condition for 0. After rearranging, we obtain,

P R (-7 [(1- ) @) ()7 o

Pz (89)97 B ﬁvtﬂ (W&l — Topwr [1 = Fl]) s1an } ]

Following the pattern set with ¢/, ,, multiply the first order condition for 7., by
(Ut+2Qt+2 + P)
2

Substitute the period ¢ + 3 and higher terms in the first order condition for ¢7,, using the

first order condition for @y, , to obtain, after rearranging,

Piyizak (@gﬂ)%’—l B BUHQ (WigaEl iy — Trowy [1 — Fs]) S04 ]

Qt+1 o Vg1 +Pt+225£:_2/1 ( ‘F;f+2) |:< - é) (vt2—|—2)w + (6t2+1)<p71 #ﬁ]

Continuing in this way, we obtain,

j+1
N i\l (Wt+j+1gt+j+1 — Dy jawy [ ~7:t+]+1]) Sjt1,t+5+1
Pryjzfy it (V1) _ pUt+i+l 1- 1) (&) 1)¢
B | AP s (L= FLEL) nor ’
QHJ Uttj t+j+1%¢+j+1 t+j+1

+ (ﬁgijl-kl) -

for j =0,1,..., N — 2. Now consider the first order necessary condition for the optimality of

f)ﬁ Nl 1~ After multiplying this first order condition by

11—
Qiyjt1

i . 1
(Uﬁ-]\fl 1Q%+N—1 +P) o
LN-1
we obtain,
0 = —BN‘”*—fj‘lmN-lz;N_m (M) [ = FRL] (B0 +p) (80 Q15i +9) -
(6?;1\12 2@%4:;\/—2 + P) (vt+N 1Qt+N 1 +p) or [ — .7—"75]11—\[2_2} . [1 _ ]:to}
N1
VT (Wein ) (QE 4+ 9) (@ +0) -+ (B AQITR 1+ )
[ ‘T_;H—N 1}"'[1_};0}}
or,
_ 1 ~
Pryn-12yok (Tn)” 1 o T BUUHN J <Wt+N> :
t+N 1 t+N-1
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Making use of our expression for .J, we obtain:

0 -
WiinEln — Wien (1 — J:t+N) So,t+N
+ N-1 \¥¢-1 1 UVt+N 1 ~0 ®
Prinazfin b (Bin) o v + Ty (5 w)
t+N 1 +N-1 +Pt+NZt+Nﬁ 1 [ ft—&-N}

The above first order conditions apply over time to a group of agencies that bargain at

date t. We now express the first order conditions for a fixed date and different cohorts:

_ive—1 1 v ; =
Ptz:“/i (vi)sﬁ N = B Zl [<M+1gg:11 — LWy ( '7:t+1 )> Sj+1t+1
t
L\ irive | j~jriye-1 P
tRacn (-7 (1= D) Gy + o)™ 2 )
¥ Qt+1
for j =0,....,N — 2.

Scaling the above equation one obtains the following scaled first order optimality conditions:

w3 e =

5¢z+ t+1 [( t+15

= Gijgrwe e (1= FL)) e (414)

t wzﬂt
1 ; —1
1 ~j+1\P ~j+1 P
(1—?”)((«——)@ﬁd + 6 g )
¥ Qt+1
for j=0,....,N — 2,
where
~ N 1 1 ,
Griin — Tw,t+1 """ Tw,t—it1 ( > ( ) ,1>0, (4.15)
Tyl s Me—itl Mzt t—it1 oot 441
W, W,
wy = —, Wy = ——.
t Wta t Z:_Pt
Also,
T, t45 Tw,t+1 1 . 1 :
Gt,j = Tt Tt41 (“z+,t+1> (“z+,t+a‘> 7=0 . (4'16)
1 7=0

The scaled vacancy first order condition of agencies that are in the last period of their

contract is:

1 wz+ 41
wz+,t

v (1=72) (1= ) 620 + 68207 G )1

Fii1)) Soa41 (4.17)

[(wt+15t+1 — W1 Wit 1 (1

t+1
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4.2.3. (Marginal) Surplus

The following is an expression for J; evaluated at w; = V~Vt, in terms of scaled variables:

&l K
z J Z+ Ry w —t+] — G, wpw Cjitdq v Q]
+ E 15} Bors [( T .7'—tj+] tjWeWt | Sjpts — - ( t—l—j) [
QN
+5N ¢z+ t+N J t+N (4.18)

(o it s 1 - ‘E0+N'
We also require the derivative of J with respect to w;, i.e. the marginal surplus of the
employment agency with respect to the negotiated wage. By the envelope condition, we can
ignore the impact of a change in w; on endogenous separations and vacancy decisions, and

only be concerned with the direct impact of w; on J. Taking the derivative of (4.13):

Jwi = — (1 — f?) So,t
Vt+1 0 0
- ¥ L'y 161,041 (Xt + ,0) ( f;&—i-l) (1 - J:t)

t
R 10 (684 6) (i +9) (1 o) [ = F] [1 - 7

AN lvtj;]: “Tiv-ron-1een-1 (6 + ) (Xt +0) - (0° +p) %

( ~7:t+N1)"'[1_~7:t0]-

Let,
7j—1
QJ _ t+] H Xt-i—l + /0 - ‘,'ttl-&-l) j >0 (4 19)
t+5 — 1—0 . .
1-F 7=0
It is convenient to express this in recursive form:
/—/QL
W = 1-F, Q= 0-F) 0 +p) 1-FD),

1
Q15+1

G = (1= F) (o +0) (60 +0) (L= F) (1= FL).

so that
i—1 1
Qi-&-] - ( ftj—w) (Xi-&-j—l + p) Qi—s—] 1
for j = 1,2,.... . It is convenient to define these objects at date ¢ as a function of variables
dated ¢ and earlier for the purposes of implementing these equations in Dynare:

0
Qtl

0 0 Ol 1 0
Q, = 1_ft>Qt:(1_f)(Xt 1+:0)(1_-7:t—1)7

1
Qtl

Q? = (1_-7:2) (Xt 1+P) (X?f2+p) (1_-7:372) (1_-7:15171)
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so that
Q= (1—}"3) (Xt 1 +p)Q

Then, in terms of scaled variables we obtain:

N-1

wz‘*
Jog == 1 (0 :j Gri St (4.20)
j=0 o

4.3. Worker Problem

We now turn to the worker. For the bargaining problem, we require the worker’s value
function before they know if they will survive the endogenous separation. It is convenient
to begin by defining the worker’s value function after they have survived the endogenous
separation. We do so first. We then derive the value function of an unemployed worker, and
finally we consider the value function of the employed worker before endogenous separations
occur.

The period ¢ value of being a worker in an agency in cohort i is V}’ :

Vi =T ”W iSi, A — 4.21
t t— t—iSs t1+ Ct L(1+0L)Ut ( )

+5Etvzl (b (L=FH) VIR + (L= p+ pFL) Usn) s

forv=20,1,..., N — 1. Here, p is the exogenous probability of remaining with the agency in
the next period and ( - F +1) is the endogenous probability of remaining with the agency.
Also, Uy is the value of being unemployed in period ¢. The values, V;* and Uy, pertain to the
beginning of period ¢, after job separation and job finding has occurred. Scaling V;’ by Pz,

we obtain:
, 1—7} gljaL
i = Gy Wy iy g, 2B 4.22
S i e s g v .
wsz 1 i d
FBE o (1= FED VI + (1= p pFEL) Ut g |

ztt
for:=0,1,..., N — 1, where

Vti

Uy = 2L
+ z2T.t) zT, - +
Bz Prizi,

In our analysis of the Nash bargaining problem, we must have the derivative of V,? with

respect to the wage rate. To define this derivative, it is useful to have:
My =1=F)-(1=-F). (4.23)

67



for j =0,..., N — 1. Then, the derivative of V, which we denote by V. (w;), is:

N-1
. 1—7Y Vst s
0 t+j t+j
Vo (W) = E Z (Bp) My jSjavi 147w ‘Ft,j o,
=0 t+j
N-1
1- T?ﬂ' wz+,t+j

= B Y (Bp) MiyiSivsi 7

— j ) (4.24)
+ T4 " 77Z1z+,t

.
()

Note that w; has no impact on the intensity of labor effort. This is determined by (4.6),
independent of the wage rate paid to workers.

The value of being an unemployed worker is U, :
v
Up = Pz b" (1 — 7)) + ﬁEt;;l[ftWﬁl + (1= ) U], (4.25)
t

where f; is the probability that an unemployed worker will land a job in period t + 1. Also,
V/* is the period ¢ + 1 value function of a worker who finds a job, before it is known which

agency the job is found with:

T szl X)Z,;—l (1 - ti—l) i—1 Vit (4.26)
ztt — — my_q 2t .
after scaling. Here, the total number of new matches is given by:
me=Y xi(1-F)H. (4.27)
j=0

In (4.26),
Xt-1 (1 - t2—1> to1
mg—q

is the probability of finding a job in an agency which was of type ¢ in the previous period,
conditional on being a worker who finds a job in ¢.
Scaling (4.25),

Usey = b (1 — 72) + B, 20!

SV i+ (U= f) Uzt ] (4.28)

ztt
This value function applies to any unemployed worker, whether they got that way because
they were unemployed in the previous period and did not find a job, or they arrived into
unemployment because of an exogenous separation, or because they arrived because of an
endogenous separation.
Finally, we consider the value function of a worker before they know whether they will

survive the endogenous separation cut. We denote this value function by ‘Zj :
W = R+ (- RV
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4.4. Bargaining Problem

The employment-agency negotiates with the workers about the nominal wage. In what
follows we consider two alternative bargaining setups: union bargaining and individual bar-

gaining.

4.4.1. Union Bargaining

The i = 0 cohort of agencies in period ¢ solve the following Nash bargaining problem:

max (ffto - Ut> " J (wt)(l_"t) = max [(1 — ]—"to) (I/QO _ Ut)]”t J (wt)(l—m) (4.29)

wt Wt

where V? (w;) — Uy is the match surplus enjoyed by a worker and 7, is the bargaining power
of workers which we allow to follow an exogenous time-varying process. We denote the wage
that solves this problem by ;. Note that 1, takes into account that intensity will be chosen

according to (4.6) as well as (4.7). The first order condition associated with this problem is:

NVt a + (1= 1) [V0+,t - Uz+,t] Juwi =0, (4.30)

z

after division by z;” P,.Our interpretation of the Nash bargaining problem is that the bargain
is between the employment agency and a union which represents the ‘average worker’. The
worker’s interests are summarized by V; and take into account that with some probability
the worker will separate at some time during the contract. The worker’s outside option is
unemployment, and so its surplus is V; — U,. The agency’s surplus corresponds to J, and
this takes into account that workers who arrive in the future, while the contract remains in
force, will be paid the wage rate that solves the bargaining problem, (4.29). In addition, if
bargaining with the employment agency breaks down and the union takes all the workers,
12, into unemployment, then the value of the agency drops to zero. This is because not only
are current revenues from [? set to zero, but the agency’s ability to ever hire in the future is

eliminated when [? is set to zero.

4.4.2. Individual Bargaining

We now consider an alternative formulation of the bargaining problem, in which there is no
union. In the alternative formulation, we imagine that bargaining occurs among a contin-
uum of worker-agency representative pairs. Each bargaining session takes the outcomes of
all other bargaining sessions as given. Because each bargaining session is atomistic, each
session ignores its impact on the wage earned by workers arriving in the future during the
contract. We assume that those future workers are simply paid the average of the outcome
of all bargaining sessions. Since each bargaining problem is identical, the wage that solves

each problem is the same and so the average wage coincides with the wage that solves the
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bargaining problem. There is an important distinction between the atomistic and the union
approach. When the Nash bargaining problem is optimized with respect to the wage, the
impact on the wage earned by future arriving workers is ignored. The outside option of the
worker in the alternative scenario is the same as before, it is the unemployment state, U;.
The outside option of the agency is also the same as before, namely zero. To see this, note
that the agency’s present discounted value of profits, F' (I9,w;), still has the following form,
which is linear in 1 :

F (1), wi) = J (wi) 17

Suppose that each worker in ! is identified with a point, 7, on the interval, i € [0,1?]. Then,
profits can be written in terms of each individual worker as follows:

i

F ) = / J (wi ) di,
0

where w! denotes the wage negotiated by worker i. We adopt the Riemann interpretation of

this integral:
M §
F(1f,w) = lim 2; J (@J , z'j) (i; —ij_1),
]:

where iy = 0, ig < i1 < ... < iy = [9. Thus, in the finite-but-large-value of M case, we
interpret iy, ..., 7y, as the M workers. We suppose that if the bargaining session involving the
ith
J

worker fails to reach an agreement, then J (wij , zj) = 0. For this reason, in the atomistic

version of the Nash bargaining problem, we set the outside option of the agency to zero.
We now turn to the computation of J,, for our alternative formulation. We consider the

surplus associated with a single worker and denote the wage received by that worker by wy.

We denote the average across the wages received by all workers by @;. Then,

) = max (Wl —wo (1= 7)) sou = P (1) (1= F)
vg-‘rj j=0

+6U;+1 [<Wt+15t1+1§1,t+1 - PtJrthJZrlg (17t1+1)<p (1 - ft1+1)> (X? + p) (1 - fto)

t

—T'y 1wy (1 - ft1+1) Stt4+1P (1 - ]:f) — Ty, (1 - ‘7:1514_1) §1,t+1X? (1 - -7:?)]

To simplify the notation and given that we only want this expression for the purpose of

computing J,,, we drop all terms that do not involve wy:

70



J(wy) = —we (1= F) oy
—l—ﬁvjl [—Ft,lwt§1,t+1ﬂ( ft+1) (1 - fto)]

t

P [y psaeed] o (1= Fa) (1= ) (1= 79)

t
+...+

10U _
—l—ﬁN 1% [—Ft,N—1wt§N—1,t+N—1] /0 (1 - -7:+N 1) T (1 - JTtO)
t

~+terms not involving wy.

So that,

Jog = — (1 - fto) So,t
“‘61}:;1 [_Pt,lgl,H—lp ( Ft-s—l) (1 - ‘7:150)]

t

P ey ] (1 Fa) (1= ) (1 72)

t

+.

+BN_IUHU—J:_1 [—Ft,N—1§N—1,t+N—1] P (1 - -7:+N 1) T (1 - f?) )

which (after scaling) is identical to (4.20) with the understanding that in the definition
of O

t+7°
definition of .J,, + together with the previous definition of J; in the equation that characterizes

X 4+ = 0. To implement this alternative version of the model, we simply use this

the solution to the Nash bargaining problem. This is the only change required to implement
this alternative version of the model. An alternative representation of .J, is convenient,
and highlights how employment agencies now discount future wages in the same way as the
household does in V, :
Jui = —MioSoy (4.31)
~ (Bp) My 2
Uit2

Ft,1§1,t+1
Uy
- (50)2 Mo
Ut

Ft,2§ 2,t4+2

N-1 Vt+N—-1
- (50) Mt,NA 3 Iy N_1SN—1t4N-1-
t

It is interesting to compare J,,; and V,,

=2

1—7Y )
Vit = (BP) M S+ 1 tﬂ Lyj =
j + t+] Ut

Il
=)

Note that one is just the minus of the other, if we ignore the tax wedge. That is, absent

the tax wedge a change in the wage simply reallocates resources between the agency and the

71



worker. In our baseline case, this is not true because the agency and the worker discount
the future differently. This implies that if there were no restrictions on the intertemporal
pattern of wage payments in the baseline model, then it would be desirable to shift wages
into the present. When we take into account the tax wedge, increases in the wage take
resources away from the agency and only incompletely transfer them to households. As a
result, we conjecture that the presence of the tax wedge causes the equilibrium pre-tax wage
to be smaller.

4.5. Separation Decision

In this section we consider either an employer, worker or total surplus criterion for determin-
ing the a cutoff in period t. We begin by discussing the cutoff for cohort j = 0, denoted @°.
We identify each worker with a productivity level, a, in the current period and this allows us
to define a total surplus for the employment agency and worker for each a. Because of the
linearity in our environment, it must be that when we integrate over the surplus of all the
individual a’s, we arrive at the aggregate surplus implicit in our construction of the Nash

bargaining problem:
Sw(1=F)) (Vi = Up) + sey = / s¢(a)dF (a), (4.32)

where s; (a;) denotes the surplus of the match associated with a worker with productivity,
a. Here, recall that (1 — F}) denotes the fraction of matches that remain after endogenous
separation. Accordingly (1 — F?)(V; — U;) is the average surplus of workers in [?, over
all values of a. We arrive at this expression from the fact that each worker with a > a;
experiences the same surplus, V; — U;, and workers with a < a; enjoy zero surplus. Similarly,
J; denotes the average surplus of a match to an employment agency across all a > a. The
parameters s, se € {0;1} allow for a variety of interesting separation decisions. If s,, = 0
and s, = 1 the a cutoff is determined by maximizing the employer surplus. Further, if s,, = 1
and s, = 1 the cutoff is determined by maximizing the total surplus. Let s; (a) be defined

as follows:

s1(a) = s (1= FO) (VO = U)+s. |(Wia — wi) g0, (1= FP) — Ptz;rg ()7 (1= F0) + DY,
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where D? denotes:

D = B2 [ (Wil = T (1= 7)) v = Bt S (,)° (1= 7L

t

< (xi +p) (1= F)

P [(Wm&iz = Trawn (1= F)) sarsa = PrasfioZ (70) 7 (1 - ﬁ“)}

t
< (X +p) (Wb + ) (L= Fly) (1= 7))
+ot

—i—ﬁNU::tNJ <Wt+N> (X? +,0) (thﬂ + p) ce (Xi\jr?vl_l +p)
X (1_]:15111_\1171) (1—-7:?)}
~ - [one - Ao mat E )7 (1) 9

so that after imposing s; (a?) = 0 we obtain:
Se [Je = Wi (&) —a) (1= F)) cot] + 50 (1= F) (V) =U:) =0
Dividing by P,z;", we obtain:

Se [Jory — Wy [E) — @ (1= FP)] sou] + 50 (1= F) (V& — Usry) =0. (4.34)

z

We proceed similarly for the cutoff levels EL{ for j =1,.., N — 1.We and arrive at the fol-
lowing cutoff conditions (see appendix for details) We conclude that the efficiency conditions
for cohorts, 7 =1,.., N — 1 are:

D’

A ] =0.  (4.35)

7
(V;th Uz+,t) + Se 1_ fg

(wtdf — G W) s — g (f’g )w +

Thus, the equilibrium conditions determining @, for j = 0,..., N — 1 are (4.34) and (4.35).
We now turn to the expression for D; »=1,.,N—1 With j=1:

Df g 1 (W1 &y — Timrpwimr (1= FRy)) So41
Pz Yoy Pzl [ _Pt-i-lzt—:-lg (6t2+1>¢ (1 - Ft2+1> ]
x(xi +p) 1-F)
5 Vot ppa 1 [ (Wi2E2 s — Ft 13wt 1
Vorp Pryazfiy —Priain (”t+2)
< (i +0) (1=F) (i +0) (1- Fa)
+...+

T

J (WHN,I) 1 .
Vorr  Panvaazin (Xt " ,0) o (X”Nﬂ - 10)

X (1= Fing) - (1= F)h

—i—ﬂNfl ¢z+,t+N—1
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or, generalizing to arbitrary j € (1, N — 1) :

=0, for j=N-1
- ~ 1 7 1 Y
D{ Bw ot (wt+15§:1 - Gt—mﬂﬁt—jwt J ( +17:tjil )) Sj+1t+1
Di+ t= por Yt —f, (U§+1) ( -7::5]4-1) (4.36)
t~t

x (xi+p) (1—F)

+52% |:<wt+28tjj-22 — G jj2Wi—jwi—j ( ‘7:t+2 )) Sj+2t+2 Z (UHZQ) (1 - “7:1‘/3122)]
2Tt

x (xtin +p) (1= FLE) x (d +0) (1= F)
-
@Z)Z . 3 .
+67 %Jﬁ wen— (X0 +p) - (Xﬁk]\/l—(j—&—l) - P) (1 Fiin- (g+1)) (1= F)
zTt

4.6. Resource Constraint in the Unemployment Model

We assume that the posting of vacancies uses the homogeneous domestic good. We leave the

production technology equation, (2.82), unchanged, and we alter the resource constraint:

N-1

yt_gjzo @) 1 -FE = g+c+if (4.37)
) QZl;t .

N

T - we) ()

F(REY™ Jen ()7 (1= i)

We consider the left-hand side of this equation to be measured GDP when we take the model
to the data.

Total job matches must also satisfy the following matching function:
my = o (1 — L) v 77, (4.38)

where

?

Li=)Y (1-7F)4. (4.39)

J

Il
=)

and o, is the productivity of the matching technology.

In our environment, there is a distinction between effective hours and measured hours.
Effective hours is the hours of each person, adjusted by their productivity, a. Recall that the
average productivity of a worker in working in cohort j (i.e., who has survived the endogenous

productivity cut) is & / (1- Fl ) . The number of workers who survive the productivity cut
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in cohort j is (1 —F) ) I/, so that our measure of total effective hours is:

Ht = Z gj,tgglg) (440)
=0
. o0 log (@) + 102
E ((‘zi; Ua,t) = / adF (a;04:) =1 — prob [U < g( t) P Tap|, (441)
&{ Ja,t

where prob refers to the standard normal distribution and eq. (4.41) simply is eq. (4.4)
spelled out under the assumption of log-normal distribution of idiosyncratic productivities.
We also need to spell out eq. (4.5):

F(@';0,) = /0 dF(a;o,) \/%/ exp 2 dv (4.42)
log (@) + %ag}

= prob {v <
o

Total measured hours is:

Heos = Zg]t - F) Y.

The job finding rate is:

my
= ) 4.43
fim (443
The probability of filling a vacancy is:
Q, =2 (4.44)
Ut
Total vacancies v; are related to vacancies posted by the individual cohorts as follows:
1 Mo .y
vw=—> % (1-F).

Note however, that this equation does not add a constraint to the model equilibrium. In
fact, it can be derived from the equilibrium equations (4.44), (4.27) and (4.8). This completes
the derivations of the alternative representation of the labor market. The unemployment part
also brings the two additional shocks 7, and o, into the model.

Depending on parameters we define the following models:

Model Parameter
employer surplus model Suw =0, 8 =1
total surplus model Sw=1,5.=1

exogenous separations model F = 0; equations (4.41), (4.42),
(4.34 and 4.35) |
become & = &I, F) = F/and @ =@ ¥t > 0.
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4.7. Labor Market Frictions in the Baseline Model

This subsection summarizes the equations of the labor market that define the equilibrium
and how they are integrated with the baseline model. The equations include the NN efficiency
conditions that determines hours worked, (4.6); the law of motion of the workforce in each
cohort, (4.9); the first order conditions associated with the vacancy decision, (4.14), (4.17),
J =0,...,N — 1; the derivative of the employment agency surplus with respect to the wage
rate, (4.20); scaled agency surplus, (4.18; the value function of a worker, VZZJ, (4.22); the
derivative of the worker value function with respect to the wage rate, (4.24); the growth
adjustment term, G, ; (4.16); the scaled value function for unemployed workers, (4.28); first
order condition associated with the Nash bargaining problem, (4.30); the (suitably modified)
resource constraint, (2.84); the equations that characterize the productivity cutoff for job
separations, (4.34) (4.35); the equations that characterize D’ +, (4.36); the value of finding
a job, (4.26); the job finding rate, (4.43); the probability of filling a vacancy, (4.44); the
matching function, (4.27); the wage updating equation for cohorts that do not optimize,
(4.7); the equation determining total employment, (4.39); the equation determining Qi e
(4.19); the equation determining the hiring rate, x! (4.8); the equation determining the
number of matches (the matching function), (4.38); the definition of total effective hours
(4.40); the equations defining M?, (4.23); the equations defining F}, (4.42); the equations
defining &/, (4.41).

The following additional endogenous variables are added to the list of endogenous vari-

ables in the baseline model:

w,t?

Jj el i J =] 57 J J 0
lt75t7ft 7§j,t7Mt7at7Ut7Gt,jthQt+j7 Jw,t’wta JZ+,t7‘/Z+7t7UZ+,t7V

T J J =
PRk ft> Dz*,t’ My Uty X5 Tw,ts Lta

We drop the equations from the baseline model that determines wages, eq. (2.75), (2.76),
(2.77),(2.73) and (2.70).

4.8. The Full Model: Labor Market Frictions in the Financial Frictions Model

Finally, in this subsection, we integrate financial frictions and unemployment together into
what we call the full model.

The equations which describe the dynamic behavior of the model are those of the baseline
model discussed in section 2 plus those discussed in the financial frictions model specified in
section 3.2.1 plus those discussed in the unemployment model presented in subsection 4.7.
Finally, the resource constraint needs to be adjusted to include monitoring as well as vacancy

posting costs.
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5. Estimation

We estimate the full model which includes both financial and labor market frictions using
Bayesian techniques. We choose the version of the labor market where bargaining is atom-
istic, as described in subsection 4.4.2 and where endogenous breakups are determined using

employer surplus.!!

5.1. Calibration

We calibrate and later estimate our model using Swedish data. The time unit is a quarter.
Parameters that are related to “great ratios” and other observable quantities in the data
are calibrated. These include the discount factor S and the tax rate on bonds 7, which are
calibrated to yield a real interest of rate of 2.8 percent annually'?. We calibrate the capital
share a to 0.35, a standard value in the literature that yields a capital-output ratio of roughly
2 on an annual basis.

Three observable ratios are chosen to be exactly matched throughout the estimation, and
accordingly we recalibrate three corresponding parameters for each parameter draw: We set
the depreciation rate § to match the ratio of investment over output, p;i/y, entrepreneurial
survival rate v to match the net worth to assets, n/(ppk), ratio'® and finally we set the
disutility of labor scaling parameter A; to fix the fraction of their time that individuals

spend working.

Parameter description Posterior median Moment Moment value
0  Depreciation rate of capital  0.0159 pit/y 0.169
~v  Entrepreneurial survival rate 0.972 n/(ppk) 0.5
Ay Scaling of disutility of work  32.4 Lg 0.25

Table 0. Matched moments and corresponding parameters.

Sample averages are used when available, e.g. for the various import shares w;, w., w,
(obtained from input-output tables), the remaining tax rates, the government consumption
share of GDP, n,, growth rates of technology (using investment prices to disentangle neutral
from investment-specific technology) and several other parameters. We set the steady state

real exchange rate p = 0.648 to match the export share p,x/y of 0.438 in the data. We

For a comparison of the dynamics of the model across the various separation criteria, see Christiano,
Trabandt and Walentin (2009).

12The sample average of the ex-post real rate is lower than 2.8 percent, but ruling out negative values of
Ty and 8 not too close to 1 this is as low as we can manage to go.

13We used micro data to calculate the average equity/total assets during the sample period both for all
Swedish firms and for only the stock market listed firms. In the first case book values where used, and in
the second case market value of equity was used. Both ratios where close to 0.5.
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simply use the inflation target stated by Sveriges Riksbank to calibrate the steady value of
the inflation target.

We let the markup of export good producers A\, be low so as to avoid double marking
up of these goods. All other price markups are set to 1.2, following a wide literature. We
require full working capital financing in all appropriate sectors. We set 1, so that there
is full indexation of wages to the steady state real growth. The indexation parameters s,
7 = d,x,mc, mi,mx,w are set so that there is no indexation to the inflation target, but
instead to 7 which is set equal to the steady state inflation. This implies that we actually do
not allow for partial indexation in this estimation, which would result in steady state price
and wage dispersion.

For the financial block of the model we set F' (w) equal to the sample average bankruptcy
rate. W,/y has no other noticeable effect than jointly with v determining the n/(py k) and
is set arbitrarily.

For the labor block, 1 — L is set to the sample average unemployment rate, the length
of a wage contract N to annual negotiation frequency, p and F is set so that it takes an
unemployed person, on average, 3 quarters to find a job (i.e. f = 1/3), in line with the
evidence presented in Forslund and Johansson (2007) for completed unemployment spells.
Holmlund (2006) present evidence of unemployment duration for all unemployment spells
being slightly higher, around 4 quarters. The matching function parameter o is set so that
number of unemployed and vacancies have equal factor shares in the production of matches.
om is calibrated to match the probability @ = 0.9 of filling a vacancy within a quarter.
We assume hiring costs, and not search costs by setting ¢ = 1 and thereby follow GST.
We are reinforced in this calibration by the limited importance of search costs that has
been documented using Swedish microdata by Carlsson, Eriksson and Gottfries (2006). The
calibrated values are displayed in Table 1.
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Parameter Value  Description

« 0.35 Capital share in production

154 0.999 Discount factor

w; 0.43 Import share in investment goods

We 0.25 Import share in consumption goods

Wy 0.35 Import share in export goods

Ny 0.3 Government consumption share on GDP

% 0.648 Steady state real exchange rate

T 0.25 Capital tax rate

Tw 0.35 Payroll tax rate

Te 0.25 Consumption tax rate

Ty 0.30 Labor income tax rate

T 0.0 Bond tax rate

1L, 1.0059 Steady state growth rate of neutral technology

[ 1.0003  Steady state growth rate of investment technology
T 1.005 Steady state gross inflation target

Az 1.05 Export price markup

Aj 1.2 Price markups, j = d, mc, mi, mx

vy, vy, y{ 1 Working capital shares

Doy K 0 Wage indexation to real growth trend and lagged inflation
P 1 —x’ Indexation to inflation target for j = d, x, me, mi, max, w
T 1.005 Third indexing base

F (@) 0.0063  Steady state bankruptcy rate

We/y 0.001 Transfers to entrepreneurs

L 1-0.075 Steady state fraction of employment

N 4 Number of agency cohorts/length of wage contracts
p 0.974 Exogenous survival rate of a match

F 0.001 Endogenous breakup rate of a match

o 0.5 Unemployment share in matching technology

Om 0.5475  Level parameter in matching function

L 1 Employment adj. costs dependence on tightness

Table 1. Calibrated parameters.

5.2. Choice of priors

The priors are displayed in tables A1 and A2. The general approach has been to choose

diffuse priors, with the exceptions to this rule detailed below.

For the exogenous technology processes where we use tight priors (a standard deviation

of 0.075) on the persistence parameters and a mode at 0.85. For the Calvo price stickiness

parameters we use a mode of 0.75 (corresponding to annual price setting) and tight priors.

For habit formation we follow a wide literature by setting the prior mode at 0.65. For the

Taylor rule we use the same priors as ALLV (where appropriate). Regarding the parameters

for indexation to past inflation we are agnostic and use a diffuse beta prior centered at 0.5.
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We follow Smets and Wouters (2003) in setting a prior for o, around 0.2.

The persistence of the entrepreneurial parameters 7, and o; have the same priors as the
technology processes. The prior mode for p is set to yield a 1.5% annual external finance
premium, as this is the sample average. We choose a diffuse prior so as to let data determine
the elasticity of the finance premium in terms of basis points, as this is what affects the
dynamics of the economy.'*

For the labor block we use a diffuse prior for o centered around 2, implying a Frisch
elasticity of 1/2. For the fraction of GDP spent on vacancy costs we use a prior with a mode
of 0.1% corresponding to a value of x around 2.1 We set the mode for the replacement
rate for unemployed workers, bshare, slightly above the average statutory replacement ratio
(0.71), after tax, for this time period. The reason to put the prior above the statutory rate is
that the latter ignores the utility value of leisure and any private unemployment insurance,

which is reasonably common.

5.3. Data

We estimate the model using Swedish data. Our sample period is 1995Q1-2008Q1. All real
quantities are in per capita terms. We use the same 15 macro variables as in ALLV. Further,
we use 4 additional data series. First, we add the time series for government consumption.
Second, we add a time series for stock prices (the ‘OMX Stockholm PI” index, formerly ‘SAX
All Shares’) scaled by the domestic price level as a measure of real net worth. Third, we
match a proxy for the spread between the risk-free rate and the loan rate entrepreneurs face.
In particular, we compute the spread between the interest rate on all outstanding loans to
non-financial corporations and the interest rate on government bonds with a maturity of
6 months (the latter measured as an average over the past 6 month period).'® The choice
of bond duration and averaging is made to match the duration and contract date of the
corporate debt. Fourth, we include the official time series for the unemployment rate.

We match the levels of the following 6 (nominal) time series:

data _data __c,data _i,data __x,data *,data
Ry m ™ , R, .

141n this way we are not constrained by the assumption for the functional form of the idiosyncratic risk.
5 Formally the steady state recruitment share is defined as

ENG2
Y

recruitshare =

16]deally one would like to match interest data on newly issued loans for the same maturity as in the
model. Unfortunately, such data is not available for Sweden.
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For the remaining 13 time series we take logs and first differences.

Aln(W,/P)% Aln C%* Aln I8 Aln ¢ Aln HP* Aln Y% Aln X
Aln M@ Aln ydete Aln Gdmte Aln N ASpread?™®, Aln Unemprated™®,

In addition we demean each first-differenced time series because in our sample variables
such as output, consumption, real wages, investment, exports, imports, stock prices grow
on average at substantially different rates. The model, however, allows for two different
real long-run growth rates only. In order to match these different trends in the data the
estimation would be likely to result in a series of negative or positive shocks for some sta-
tionary exogenous process. We want to avoid this and therefore demean the data. After the
estimation we compare the growth rates of the data with those implied by the model.

See Figure C in the Appendix for plots of the above data used in the estimation.

5.4. Shocks

In total, there are 22 exogenous stochastic variables in the model. 11 of these evolve according
to AR(1) processes:
67 T? 7_TC7 CC7 Ch7 &7 07 77 g7 777 Ua

Further, we have 6 shock processes that are i.i.d.:

Finally, the last 5 shock processes are assumed to follow a VAR(1):

y*77r*7R*>Mz7:U“\II'

In the estimation we only allow for 19 shocks - same as the number of matched time series.
Accordingly we do not allow three shocks present in the theoretical model: the inflation
target shock 7¢, the shock to bargaining power 1 and the shock to the standard deviation
of idiosyncratic productivity of workers o,. Indeed for our sample, 1995-2008, the de jure
inflation target has been in place the entire period and has been constant. 7 also seems

superfluous as we already have the standard labor supply shock - the labor preference shock
Ch
5.5. Measurement errors

Similarly to Adolfson, Laséen, Lindé and Villani (2007,2008) we allow for measurement
errors, except for the domestic and foreign nominal interest rate, since Swedish macro data

is measured with substantial noise. We calibrate the standard deviations of the measurement
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errors so that they correspond to 10% of the variance of each data series. As can be seen
in Figure C in the Appendix the size of the measurement errors are small: data and the
smoothed series of the model without measurement errors are almost indistinguishable, with

a few exceptions.!”

5.6. Measurement equations

Below we report the measurement equations we use to link the model to the data. First
differences are written in percentages so model variables are multiplied by 100 accordingly.
Furthermore our data series for inflation and interest rates are annualized, so we make the

same transformation for the model variables i.e. multiplying by 400:!®

Réa  — 400(R; — 1) — 9,400(R — 1)
R — 400(R} — 1) — 9;400(R* — 1)

7T_;lata = 400 log 7, — 9,400 10g T+ g;rf
ﬂ_;;,data = 400log 7§ — 9,400 log 7° 4 ¢

et
modite — 400log wh — 91400 log 't + ™

it

prdete — 4001log mF — 19,400 log T + ™

Tt

where ¢/} denote the measurement errors for the respective variables. In addition, we
introduce the parameter ¥, € {0,1} and ¥, € {0, 1} which allows us to handle demeaned and
non-demeaned data. In particular, our data for inflation and interest rates is not demeaned,
and we therefore set 19, = 0. An alternative specification would be that we use demeaned
inflation and interest rates which would require to set ©/; = 1 in order to correctly match the
data with the model.

We use demeaned first-differenced data for the remaining variables. This implies setting

the second indicator variable ¢} = 1.

1"We have experimented by estimating the size of the measurement error for the the most problematic
time series - the interest rate spread. The estimated value is lower than the prior mean (which is set to the
calibrated value of 10% of the variance), and the parameter estimates are virtually indentical.

18Note that in the data we measure 7% = 400(log P** — log P%%). In the model, we have defined

Ty = Pil' Matching data with the model results in the above measurement equations for inflation.
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Aln Y'tdata

Aln Y;*data
Aln Ciata
Aln xdora

Aln gfete
Aln ot
Aln Meato

Aln [fate
Aln Gt

100(In p1,+ 4 + Aln (yt — pia (uy)

a5 - )

Hopthz+ ¢ =0
¥2100(In pa+ ) + &y'f

100(In p+ , + Alnyy) — 92100(In e+ ) + €52,

100(In g1+ , + Alnc;) — 92100(In pr+ ) + €7f

100(In g+, + Alnzy) — 92100(In g4 ) + €7'f

100A In g, + £

100A In H™* + el

100(In g2+ , + Aln Imports,) — 92100(In p+ ) + €47,

Xm,C
it (pf0) 1=l
Hip () T
m (9, T erx
it (P )T
100 [Inge,+ ; + ey, + Alniy| — 92100(In po,+ + In ) 4 €7

100(In i+, + Alng,) — 92100(In g1+ ) + €3'f

100 |In g+, +Aln — 92100(In g1+ ) + €575

Note that neither measured GDP nor measured investment include investment goods used

for capital maintenance. The reason is that the documentation for calculation of the Swedish
National Accounts (SOU (2002)) indicate that these are not included in the investment

definition (and the national accounts are primarily based on the expenditure side). To

calculate measured GDP we also exclude monitoring costs and recruitment costs. Note that

it is measured GDP that enters the Taylor rule.

The demeaned real wage is measured by the demeaned employment-weighted average

Nash bargaining wage in the model:

1

N-1

avg 7 —

w; —EE LG jwi Wi
Jj=0

Given this definition the measurement equation for wages is:

Aln(W,/P,)%* = 100A In

W av me
Z?—;t = 100(In p1,+ , + Alnw;™) — 95100(In g1+ ) + SW/ Pt

Finally, we measure demeaned net worth and unemployment as follows:
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Aln N/ = 100(In i+ , + Alnng) — 92100(In g, ) + X5

Aln Spreadf®® = 100AIn(Z,, — R;) = 100A In (fdm—nttjll - Rt> + €&pread.t
o pk’,tEt+1

AlnUnemp{*® = 100AIn(1 — L;) + EUnempit-

5.7. Estimation results

We obtain the estimation results using a random walk Metropolis-Hasting chain with 250
000 draws after a burn-in of 150 000 draws and with an acceptance rate of 0.21. Substan-
tial analysis has been spent on ensuring that the Hessian used for the Metropolis-Hasting
algorithm approximates the curvature of the likelihood well. The quality of the Hessian
is documented in the Computational Appendix. We estimate 28 structural parameters, 10
ARI1 coefficients, 16 parameters for the VAR describing the foreign economy and 19 standard
deviations of shocks.

Figure D presents the smoothed values for the shock processes. None of them contain

any obvious trend.

5.7.1. Posterior parameter values

We start by commenting briefly on the parameter estimates. See the prior-posterior tables,
Table Al and A2, in the Appendix. We focus our discussion on the posterior median which
is used for all computations below. Note that the posterior median and the posterior mean
are virtually indistinguishable, with the exception of the shock variances. Their posterior
distribution inherit some skewness from the inverse-gamma prior and the means are therefore
higher than the median.

The Calvo price rigidity parameters indicate substantial variation with domestic prices
being the most rigid (£, = 0.91), and prices for imported investment goods and imported
inputs for export production being quite flexible as they are optimally re-set more often
than annually (¢,,, = 0.72 and ¢,,,, = 0.71). With the exception of domestic prices these
estimates are substantially below earlier work on Swedish data by Adolfson (2008). Both
the later sample and the additional internal propagation in our model might contribute to
this difference. We find only a moderate degree of indexation to lagged inflation, from 1/4
to 1/2, with the exception of k, = 0.59.

The estimated Taylor rule parameters are in line with the literature. The posterior
median of the curvature of capacity utilization o, = 0.21 is substantially higher than Smets

and Wouters (2003) find for Euro data, but still allows for substantial variation in utilization.
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The posterior median of p of 0.4 is below the prior mean of 0.55, indicating that the
elasticity of the interest rate spread, in terms of basis points, is slightly lower than implied
sample average and by the functional form assumption we have made.

Moving on to the labor block we find a replacement ratio of 0.88, i.e. substantially higher
than the statutory replacement rate of the public Swedish unemployment insurance. The
recruitment costs as a fraction of GDP is estimated to be a slightly below 1/6 of a percent,
corresponding to Kk = 2.4.  We are in a unique position to estimate the curvature of the
increasing disutility of labor supply as our model and fact that we match data series for both
hours and employment, allow for good identification. Our posterior median of o, is 1.7 (i.e.
a Frisch elasticity of 0.59), roughly in line with what the macro literature without extensive
margin has used, but below most micro estimates.

As we will see in the IRFs below the posterior median of (;58 = 1.3, barely generates a
hump-shaped response of the exchange rate to monetary policy shocks. This is in contrast
to the response to the exchange rate at the prior mean.

A number of parameters of interest are functions of the explicitly estimated parameters.
First of all, three parameters follow from the calibration of various ratios as reported in
Table 0. The last column of that table reports the parameter values at the posterior mean,
and they are all reasonable. T'wo labor parameters are worth mentioning: The bargaining
power of workers, 7, is solved for to yield a steady state unemployment rate matching the
sample average. The value of 7 at the posterior mean is roughly 1/3.

We note from the prior-posterior table (or the corresponding plots, provided in a separate
Computational Appendix) that data is informative for all parameters, with a couple of

exceptions: data seem to contain no information on K., n; or p, ~and very little regarding

TTHTI]‘WT/Z’ and pg'

5.7.2. Model Moments and Variance Decomposition

In Table A3 we present a comparison of data and model means and standard deviations for
the observed time series. We note a substantial variation of real growth rates in the data,
which is the reason why we demeaned the growth rates in the first place, before matching
the data. There is small but noticeable tendency for the standard deviations implied by
the model to be higher than in the data. We note one large failure in this respect: the
model implied volatility of the growth of the interest rate spread, which also spills over of
the investment growth volatility. We believe the main reason for this overprediction is the
imperfect measure of the spread in the data which drives up the estimated volatility of the
idiosyncratic risk shock.

We compute the asymptotic variance decomposition and present it in Table A4. The first

thing to note is the importance of the stationary (neutral) technology shock: It is the most
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important shock for GDP and quite important for all inflation rates. It also explains roughly
50% of the variation in hours worked and more than 20% of unemployment variation. The
labor preference shock is by far the most prominent in explaining wages and unemployment.
The entrepreneurial wealth (survival) shock drives 3/4 of investment and is thereby also the
most important shock for the nominal interest rate and explains 14% of output fluctuations.
Finally, it is interesting to note the substantial spillovers from the two financial shocks to

unemployment.

5.7.3. Impulse responses

Finally, we plot impulse responses at the posterior median for all shocks. For comparison
purposes we plot the IRFs, for the same fixed parameter vector, for smaller versions of the
model as well. Only one parameter is recalibrated between models: « has to be re-set to keep
the capital-output ratio unchanged in the baseline and unemployment model specifications.'?

We start with a general comment before analyzing a few key impulse responses. Some-
what surprisingly the IRFs of the model with unemployment frictions is remarkably similar
to the more traditional EHL modelling of the labor market used in our baseline specification.
For the same reason the full model is similar to the financial friction model, as unemployment
frictions is the only difference between them. This observation applies to most shocks and
all variables plotted but one. The clear exception is real wages, where the unemployment
model imply more volatile wages (for the same given nominal wage rigidity). Obviously the
unemployment model is still richer than the EHL model in that it has explicit implications

for unemployment and hours per worker.

The IRFs for the monetary policy shock is reasonably standard: A 30 basis point tem-
porary increase in the nominal interest rate is amplified by the financial frictions. Entre-
preneurial net worth is reduced both because of the falling price of capital and because of
the surprise disinflation that increases the real value of the nominal debt. Accordingly the
interest rate risk spread increase by 9 basis points. Comparing across model we see how
the increased spread cause the expected amplification in the response of investment. We
note that our assumption regarding the country risk premium implies that the real exchange
rate moves substantially less than one-for-one with the nominal interest rate, and in an al-
most hump-shaped manner. The policy shock implies an increase in unemployment from the

steady state value of 7.5% to a maximum of 7.6% after 3 quarters.

The response to a stationary technology shock in our estimated model is novel: Output

actually falls initially in response to a positive shock, and this is true for all four model

19The absence of financial frictions in these two versions of the model imply that the required rate of return
on capital is substantially lower. We therefore set o = 0.1952 to keep the capital-output ratio constant.
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specifications. The reason for this response is the very strong decrease capital utilization
(not plotted) and in hours worked.?* The latter is contributed to both by an increase in
unemployment and a decrease in hours worked per employee. In terms of demand components
it is net exports (not plotted) that decrease strongly because of a substantial appreciation of
the real exchange rate. Comparing across models we note that financial frictions dampens the
response of investment as net worth of entrepreneurs initially falls. This is a standard result

for supply shocks in terms of the nominal debt contract / Fisher debt deflation mechanism.

Finally, for the estimated parameter values the entrepreneurial wealth (or survival) shock
has some of the characteristics of a classic demand shock: It drives up CPI inflation and
output (the former result is parameter dependent). The interesting part is that it moves
consumption and investment in opposite directions, which is a similarity with the stationary
investment-specific shock (see Justiniano, Primiceri and Tambalotti (2008)). The key differ-
ence versus the investment-specific shock is that the wealth shock implies an increase in net
worth, as well as a decrease in real wages. In particular the former characteristic makes the
entrepreneurial wealth shock a more plausible candidate for explaining the main part of the
increase in investment both in the late 1990’s and in the last boom when financial data is

included in the analysis (also see the smoothed shock values in Figure D).

6. Conclusion

This paper incorporates two important extensions of the emerging standard monetary DSGE
model in a small open economy setting. We add financial frictions in the accumulation of
capital in a well established way, based on Bernanke, Gertler and Gilchrist (1999) and
Christiano, Motto and Rostagno (2007). We then add labor market frictions building on
a large literature where we are closest to Gertler, Sala and Trigari (2008). We made an
important contribution to the literature by endogenizing the job separation decision in this
rich setting.

We estimate the full model, which contains the financial frictions as well as the search
and matching frictions, with Bayesian techniques. Surprisingly, the dynamics of the model
with unemployment frictions is remarkably similar to the established labor market modelling
by Erceg, Hendersson and Levin (2000), which has no extensive margin of employment.
We also note that the entrepreneurial wealth shock plays a very large role in the variance
decomposition - it is the main determinant of investment and also very important for GDP

and the nominal interest rate. An interesting question to be analyzed further is the relative

20The size (and existence) of the initial decrease in GDP depends inversely on the estimated parameter
for variable capacity utilization o,, while the duration of the decrease mainly depends on the domestic price
rigidity parameter &,.
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importance of investment-specific shock vs. the entrepreneurial wealth shock, contrasting

the results in the present paper with Justiniano, Primiceri and Tambalotti (2008).
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A. Tables and Figures

Prior distr. Prior mean Prior s.d. Post. mean Post. median Post. s.d. 5 % 95 %
£aq B 0.750 0.0750 0.906 0.905 0.0217 0.8772 0.9481
£x B 0.750 0.0750 0.794 0.797 0.0412 0.7285 0.8621
Eme B 0.750 0.0750 0.842 0.843 0.0404 0.7834 0.9129
Emni B 0.750 0.0750 0.722 0.723 0.0399 0.6552 0.7863
Ema B 0.750 0.0750 0.706 0.709 0.0599 0.6122 0.8069
Kq B 0.500 0.1500 0.264 0.256 0.0959 0.1083 0.4139
K B 0.500 0.1500 0.587 0.589 0.1200 0.4031 0.7967
Kme B 0.500 0.1500 0.347 0.339 0.1222 0.1432 0.5375
Kmi B 0.500 0.1500 0.412 0.404 0.1276 0.1980 0.6173
Ko B 0.500 0.1500 0.484 0.483 0.1449 0.2474 0.7256
Kaw B 0.500 0.1500 0.288 0.282 0.0944 0.1274 0.4357
or, r 2.000 0.5000 1.703 1.672 0.2238 1.3531 2.0620
b B 0.650 0.1000 0.774 0.779 0.0565 0.6885 0.8688
i N 8.000 2.0000 9.000 8.960 1.7790 6.0450 11.8860
oq r 0.200 0.0750 0.219 0.209 0.0548 0.1347 0.3032
PR B 0.850 0.1000 0.903 0.904 0.0156 0.8777 0.9284
T N 1.700 0.1000 1.740 1.740 0.0984 1.5776 1.9005
A N 0.300 0.1000 0.086 0.086 0.0297 0.0363 0.1346
Ty N 0.125 0.0500 0.128 0.126 0.0333 0.0729 0.1817
TAy T 0.050 0.0250 0.064 0.063 0.0155 0.0379 0.0881
n; T 1.500 0.2500 1.469 1.453 0.2483 1.0460 1.8522
nyf T 1.500 0.2500 1.404 1.390 0.2184 1.0416 1.7466
Ne T 1.500 0.2500 1.219 1.205 0.2070 0.8765 1.5533
Ny T 1.500 0.2500 1.570 1.555 0.2588 1.1535 1.9909
-5 T 1.500 0.1500 1.282 1.278 0.1195 1.0820 1.4710
recruitshare, % T 0.100 0.0750 0.138 0.135 0.0261 0.0959 0.1782
bshare B 0.750 0.0750 0.882 0.884 0.0260 0.8402 0.9233
" B 0.550 0.2000 0.409 0.390 0.1479 0.1686 0.6437
P, B 0.500 0.1500 0.725 0.736 0.1022 0.5695 0.8927
Puy B 0.500 0.1500 0.489 0.487 0.1460 0.2477 0.7273
Pe B 0.850 0.0750 0.870 0.872 0.0278 0.8263 0.9175
PY B 0.850 0.0750 0.947 0.949 0.0175 0.9208 0.9771
pce B 0.850 0.0750 0.778 0.785 0.0693 0.6683 0.8881
Pch B 0.850 0.0750 0.843 0.852 0.0532 0.7603 0.9264
¥ B 0.850 0.0750 0.862 0.869 0.0543 0.7800 0.9504
Py B 0.850 0.0750 0.835 0.840 0.0716 0.7249 0.9570
Po B 0.850 0.0750 0.759 0.763 0.0527 0.6766 0.8461
Py B 0.850 0.0750 0.870 0.874 0.0484 0.7919 0.9476
all N 0.500 0.5000 1.087 1.096 0.1382 0.8575 1.3034
a22 N 0.000 0.5000 -0.048 -0.051 0.1597 -0.3104 0.2162
a33 N 0.500 0.5000 0.542 0.539 0.1473 0.3094 0.7991
al2 N 0.000 0.5000 -0.039 -0.042 0.1827 -0.3327 0.2700
al3 N 0.000 0.5000 -0.378 -0.344 0.2797 -0.8343 0.0411
a2l N 0.000 0.5000 0.219 0.206 0.1379 -0.0018 0.4386
a23 N 0.000 0.5000 -0.241 -0.224 0.2420 -0.6339 0.1522
a24 N 0.000 0.5000 -0.057 -0.063 0.2572 -0.4676 0.3788
a3l N 0.000 0.5000 0.240 0.235 0.0660 0.1330 0.3519
a32 N 0.000 0.5000 0.034 0.034 0.0419 -0.0355 0.1013
a34 N 0.000 0.5000 -0.014 -0.037 0.1535 -0.2433 0.2526
c21 N 0.000 0.5000 -0.072 -0.075 0.1776 -0.3595 0.2278
c31 N 0.000 0.5000 0.108 0.108 0.0513 0.0214 0.1919
c32 N 0.000 0.5000 -0.012 -0.011 0.0413 -0.0801 0.0537
c24 N 0.000 0.5000 -0.165 -0.165 0.3574 -0.7333 0.4423
c34 N 0.000 0.5000 0.030 0.027 0.1289 -0.1860 0.2338
Table Al. Estimation results.Parameters

Prior distr. Prior mean Prior s.d. Post. mean Post. median Post. s.d. 5 % 95 %

o Inv-T 0.150 Inf 0.109 0.106 0.0290 0.0614 0.1538

Py Inv-T 0.150 Inf 0.084 0.078 0.0311 0.0374 0.1278

€ Inv-T 0.500 Inf 1.143 1.129 0.1461 0.9077 1.3742

e Inv-T 0.500 Inf 0.469 0.465 0.0613 0.3706 0.5665

¢e Inv-T 0.150 Inf 0.270 0.262 0.0609 0.1737 0.3639

Ch Inv-T 0.150 Inf 0.385 0.382 0.0604 0.2832 0.4786

% Inv-T 0.150 Inf 0.280 0.267 0.0995 0.1186 0.4316

ER Inv-T 0.150 Inf 0.085 0.084 0.0104 0.0685 0.1008

g Inv-T 0.500 Inf 0.703 0.695 0.0794 0.5739 0.8304

rd Inv-T 0.150 Inf 0.598 0.479 0.3458 0.2062 1.2612

7T Inv-T 0.150 Inf 0.203 0.183 0.0856 0.0756 0.3341

Tme Inv-T 0.150 Inf 0.631 0.517 0.3482 0.1885 1.1455

Tme Inv-T 0.150 Inf 0.108 0.102 0.0335 0.0581 0.1554

Tme Inv-T 0.150 Inf 0.497 0.434 0.2470 0.1597 0.8771

¥ Inv-T 0.500 Inf 0.603 0.584 0.1426 0.3718 0.8249

o Inv-T 0.500 Inf 5.338 5.296 0.6842 4.1837 6.3780

y* Inv-T 0.500 Inf 0.203 0.202 0.0308 0.1541 0.2542

™ Inv-T 0.500 Inf 0.189 0.188 0.0233 0.1516 0.2268

R* Inv-T 0.500 Inf 0.234 0.231 0.0549 0.1433 0.3213

Table A2. Estimation results. Standard deviation of shocks
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Means Standard Deviations

Data Model Data Model

Domestic. Inflation 1.56 2.00 1.97 2.30
CPl inflation 1.48 2.00 1.38 2.42
Invest. price inflation 1.42 1.88 2.03 2.78
Nom. interest rate 3.82 4.82 1.73 191
GDP growth 0.61 0.61 0.44 0.76
Real wage growth 0.69 0.61 0.79 0.92
Consumption growth 0.52 0.61 0.53 0.76
Investment growth 1.09 0.64 1.42 3.11
Real exch. rate growth 0.04 0.00 2.30 2.46
Total hours growth 0.05 0.00 0.46 0.40
Gov. cons. growth 0.06 0.61 0.81 0.79
Exports growth 1.52 0.61 1.36 1.41
Import growth 1.37 0.61 1.48 1.97
Stock market growth 1.96 0.61 9.94 12.28
Interest spread growth -0.88 0.00 10.26 81.10
Unemployment growth -1.16 0.00 3.61 5.87
Foreign GDP growth 0.45 0.61 0.30 0.28
Foreign inflation 1.84 2.00 0.81 0.84
Foreign nom. int. rate 3.89 4.82 1.04 1.16

Table A3. Data and model moments.
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Shocks/Variables Pid  Pic Pii R dy dw dc di dq dH dG dexp dimp dn dspread dunemp
Stat. neutr. tech. 149 138 153 189 210 65 57 05 113 521 00 13 259 0.6 0.4 22.8
Stat. invest. tech. 36 39 47 206 79 09 56 131 36 73 00 08 33 533 277 3.0
Consumption pref. 01 02 05 62 94 01 634 17 11 37 00 02 22 03 0.2 12
Labor pref. 72 67 74 91 144 489 28 02 54 97 00 06 181 03 0.2 54.4
Monetary policy 05 07 08 67 1.1 15 09 24 04 05 00 03 1.0 22 1.1 2.3
Gov. consumption 00 00 00 05 43 01 01 01 00 15 851 00 05 0.1 0.0 0.2
Domestic markup 648 353 201 49 11 274 15 00 04 05 00 01 05 01 0.2 2.1
Export markup 00 00 0O 06 29 02 01 01 00 10 00 629 46 0.1 0.0 0.5
Cons. import mkup 01 324 00 63 17 08 14 04 23 10 00 01 66 06 0.3 0.1
Invest. import mkup 00 00 280 00O 08 01 00 ©0O12 00 02 00 00 13 01 0.1 0.2
Export import mkup 01 01 03 08 99 06 01 00 o05 32 00 100 200 0.1 0.1 1.6
Entrepreneur risk 00 00 00 OO 30 09 00 37 00 36 00 00 13 101 541 34
Entrepreneur survival | 0.9 1.5 35 219 143 26 107 743 58 1.0 0.0 1.7 46 255 155 3.0
Risk premium 03 20 118 33 24 01 11 12 561 08 00 73 31 00 0.0 0.7
Unit-root neutr. tech. 01 01 01 02 22 20 17 01 01 01 40 14 07 0.0 0.0 0.7
Unit-root invest.tech. | 00 00 15 01 00 01 ©00 01 00 00 04 01 00 02 0.1 0.0
Foreign output o0 01 07 O01 01 00 0O OO 42 00 00 08 05 00 0.0 0.0
Foreign inflation 00 00 00 OO0 02 00 00 OO 00O 01 00 30 03 00 0.0 0.0
Foreign nom.int. rate 00 00 00 00O 00 00O 0O O00O 00 00 00 00 00 OO0 0.0 0.0

Table A4. Variance decomposition (asymptotic).
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Figure C. Data series used in estimation (solid black) and
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Stationary Investment Technology Shock
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UIP Risk Premium Shock
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Unit-root Investment Technology Shock
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Foreign Inflation Shock
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