Introducing Financial Frictions and Unemployment
into a Small Open Economy Model*

Lawrence J. Christianof Mathias Trabandt*
Northwestern University and NBER Sveriges Riksbank

Karl Walentin®
Sveriges Riksbank

July 4, 2008

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 finan-
cial risk on output and inflation? How important are variations in the intensive vs. the
extensive margin of labor supply? What are the spillover effects of financial market
disturbances to unemployment and vice versa? In order to address these question we
extend the small open economy model presented in Adolfson, Laséen, Lindé and Villani
(2005, 2007a, 2007b) in two important dimensions. First, we incorporate financial fric-
tions in the accumulation and management of capital similar to Bernanke, Gertler and
Gilchrist (1999) and Christiano, Motto and Rostagno (2003, 2007). Second, we include
the search and matching framework of Mortensen and Pissarides (1994), Gertler, Sala
and Trigari (2006) and Christiano, Ilut, Motto, and Rostagno (2007) into a small open
economy model. We estimate the full model using Bayesian techniques.

Keywords: small open economy, DSGE, financial frictions, unemployment.

JEL codes: EO, E3, FO, F4, GO, G1, J6.

*The views expressed in this paper are solely the responsibility of the authors and should not be interpreted
as reflecting the views of the Executive Board of Sveriges Riksbank.

"Northwestern University, Department of Economics, 2001 Sheridan Road, Evanston, Illinois 60208, USA.
Phone: +1-847-491-8231. E-mail: 1-christiano@northwestern.edu.

!Sveriges Riksbank, Research Division, 103 37 Stockholm, Sweden. Phone: +46-8-787 0438. E-mail:
mathias.trabandt@riksbank.se

§Sveriges Riksbank, Research Division, 103 37 Stockholm, Sweden. Phone: +46-8-787 0491. E-mail:
karl.walentin@riksbank.se



Contents

1 Imtroduction . . . . . . . . . L 3
2 The Baseline Small Open Economy Model . . . . . ... ... ... ... ..... )
2.1 Scaling of Variables . . . . . . .. ... o 6
2.2 Production of the Domestic Homogeneous Good . . . . . . . ... ... ... 7
2.3 Production of Final Consumption and Investment Goods . . . . . .. .. .. 12
2.4 Exports and Imports . . . . . . . ... 14
2.4.1 Exports . . . ..o e 16

2.4.2 Imports . . . . . . e 20

2.5 Households . . . . . . . . 24
2.5.1 Technology for Capital Accumulation . . . . . . ... .. ... .. .. 24

2.5.2  Household Consumption and Investment Decisions . . . . ... ... 26

2.5.3 Financial Assets . . . . . . . . ... 27

254 Wage Setting . . . . . . . .. L 30

2.6 Fiscal and Monetary Authorities. . . . . . . .. .. ... .. L. 37
2.7 Foreign variables . . . .. ... Lo 39
2.8 Resource Constraints . . . . . . . . .. .. L o 40
2.8.1 Domestic Homogeneous Output: Production . . . . . . .. ... ... 41

2.8.2 Trade Balance . . . . . . . . . . ... 42

2.9 Endogenous Variables of the Baseline Model . . . . . ... ... ... .... 44

3 Introducing Financial Frictions into the Model . . . . . . . . .. ... .. .. ... 44
3.1 Modifying the Baseline Model . . . . . . .. .. .. ... ... ... ... A7
3.1.1 The Individual Entrepreneur . . . . . . . .. .. .. ... ... .. 47

3.1.2  Aggregation Across Entrepreneurs and the Risk Premium . . . . . . . 52

3.2 Solving the Financial Frictions Model . . . . . . . ... ... ... ... ... 53
3.2.1 Equilibrium Conditions . . . . . . .. ... ... ... ... ... .. 53

4 Introducing Unemployment into the Model . . . . . . . .. ... ... ... .... 5%)
4.1 Sketch of the Model . . . . . . . . . . .. . 55
4.2 Model Details . . . . . . ... 58
4.2.1 The Employment-Agency Problem . . . . .. ... ... .. ..... o8

4.2.2 The Worker Problem . . . . . .. ... ... ... ... ... .. 63

4.3 Solving the Unemployment Model . . . . . . . ... .. ... ... .. .... 66

5 The Full Model including Financial Frictions and Unemployment . . . . . . . . .. 66
5.1 Equilibrium equations . . . . . .. ..o L 66

6 Estimation . . . . . . . . . 67
6.1 Calibration . . . . . . . .. 67
6.2 Choice of priors . . . . . . . . . L 68
6.3 Data . . . . . . 69
6.4 Shocks . . . . . oL 70
6.5 Measurement equations . . . . . . . .. L. 70
6.6 Estimationresults. . . . . . . . . . .. L 71

7 Analysis . . ... 72
8 Conclusion . . . . . . . L 72
A Tables and Figures . . . . . . . . . . . 76



B Technical Details for the Financial Frictions Block . . . . . . . . . . . . ... ... 84

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, how important are variations in the intensive
and/or extensive margin of labor supply? Moreover, what are the spillover effects of financial
market disturbances to unemployment and vice versa in a small open economy? In order
to address these question we extend the small open economy model presented in Adolfson,
Laséen, Lindé and Villani (2005, 2007a, 2007b) 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 search and matching framework of Mortensen and Pissarides
(1994), Hall (2005a,b,c), Shimer (2005a,b), Gertler, Sala and Trigari (2006) and Christiano,



Iut, 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 (2006) (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 slightly 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.

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.

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.

Furthermore, the employment agency in the i cohort determines how many employees

it will have in period £+ 1 by choosing vacancies subject to quadratic vacancy posting costs.

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,

2007a, 2007b): imported goods are directly used for export production, a 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 search

and matching 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 search
and matching frictions to the model. Section 5 develops the full model with both financial
and search and matching frictions. Section 6 contains the estimation of the full model.

Finally, section 7 summarizes the paper.

2. The Baseline Small Open Economy Model

This manuscript describes an extension of the model presented in Adolfson, Laséen, Lindé
and Villani (2005, 2007a, 2007b) (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 price and wage dispersion in steady state and estimate the degree of this

dispersion in the 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
Si-1’

The neutral shock to technology is z; and its growth rate is p, ,
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The variable, ¥,, is an embodied shock to technology and it is convenient to define the

following combination of embodied and neutral technology:
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Capital, K;, and investment, I;, are scaled by z;"VU,. 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 2, to induce stationarity. Thus,
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We define the scaled date t price of new installed physical capital for the start of period ¢+ 1

as pp; and we define the scaled real rental rate of capital as 7¥ :
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where Py, is in units of the domestic homogeneous good. We define the following inflation

rates:

c *
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for j = c,z,1. Here, P, is the price of a domestic homogeneous output good, P/ 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 P;, 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,

e = BT e BT e B (2.2)
t Pt7 t Pt7 t Pt’ .
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Lo R R

Here, m, j means the price of an imported good which is subsequently used in the production
of exports in the case j = x, in the production of the final consumption good in the case of
J = ¢, 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 = z, ¢, 7 corresponding
to exports, consumption and investment, respectively.

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

7

1 1 Ad,t
Y, = [ / v, dz’] 1< Ay < 00 (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.
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The " intermediate good producer has the following production function:

)

1_
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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 =vlR +1-1], (2.5)
where W, is the aggregate wage rate, R, is the interest rate on working capital loans, and 1/1{c
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

mey :
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where 7¥ 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 )y, i.e., a markup shock.

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

satisfied:
L W.R}
"P,MP,
d 1 WtR{
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(2.7)

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,

Py =7a1Piy1, Tar = (mi-1)™ (ﬁf)l_md_%d ()",



where kg, 4, kg + 24 € (0,1) are parameters, m;_; 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 = %3 = 1) or that they index only to the steady state inflation rate (i.e., T = 7, 34 = 1).

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

E, E 53Ut+j{Pi,t+jY%,t+j - mCt+th+jYi,t+j}7

j=0
subject to the requirement that production equal demand. In the above expression, v, 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:
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T, Td,t+1
Pisss = X jbt, Xtj = Mg M1 J=>0
Py ’ 7 1, j=0.

The " firm maximizes profits by choice of p;. The fact that this variable does not have
an index, i, reflects that all firms that have the opportunity to reoptimize in period ¢ solve

the same problem, and hence have the same solution. Differentiating its profit function,
Ad

2d_q
multiplying the result by p;*"' , rearranging, and scaling we obtain:
E; Z (BEa)" Avsj [Pi X1 — Aamerys] =0,
j=0

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

At+j - ¢z+,t+jyt+th,j'
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After rearranging the optimizing intermediate good firm’s first order condition for prices, we

obtain, .
i = Ev> 20 (B8) AtJrj)‘dmctJrj _K{
' B> 720 (BEa) Ave Xij F
say, where
K = Z (ﬁfd) ApyjAameey
=0
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These objects have the following convenient recursive representations:
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Turning to the aggregate price index:
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After dividing by P, and rearranging:
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In sum, the equilibrium conditions associated with price setting are:

1 -
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The domestic intermediate output good is allocated among alternative uses as follows:
1
V=G + O+ I + / X7 (2.15)
0

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
utilization of capital, a (u;) K;. Here, u, denotes the utilization rate of capital, with capital
services being defined by:
K, = wK,.

We adopt the following functional form for a :

a(u) = 0.50,0,u* + 03 (1 — ) u+ 0y ((04/2) — 1), (2.16)
"When we linearize about steady state and set s¢; = 0, we obtain,
~ ~c B N ~c Rd “ ~c
Ty — Ty = 71+mdﬁEt(ﬁt+liﬁt+l)+71+;gdﬁ (’/Tt_lf’/'rt)
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B AL 2
1+ kafp
1 _ _
(-8 (1 =)
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where a hat indicates log-deviation from steady state.
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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 (me—1) 1 (ne—=1) | me—1

Ci=|(1—we)m (Cf) " +we (CFr) e : (2.17)

The representative firm takes the price of final consumption goods output, P, 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)@)a

c ne
o' = wc<pt> ct. (2.18)

m,c
2

In the usual way, the price of C} is related to the price of the inputs by:
B = [(1 = 00 (B w0, ()] 7
After dividing by P;, this becomes

_1
m:[@_w9+w4ﬁ“ﬁ%]”3 (2.19)

The rate of inflation of the consumption good is:

1

P 1 —we) +we (p™) ™" | 7"

7'('? _ Pct = [( w )+W (p:n C) — ] ) (220)
t—1 (1 - wc) + we (ptfyl) ‘

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'
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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:

i
ni—1 L ni—=1 | n;—1

(L)

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, ;. 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 P/™". 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:

; I~t g L P,
P'| — 1-— i) = —
t (‘Ptlg) ( W ) \Ift
- 1
. -[t i L ni—1 .
R s = A 2.21)
t

or,

i (m;—1) mi—=1l mi=1 n;—1 i—1
( ptml) [t 5 w. n; (\I]t)lnii(mil) _ ([tm) nm
Wip,

Substituting these expressions into the production function for the final investment good,

we obtain: )
i m,i\ 1= | T=n;
P, = [(1 —wi) +w; (p) } " (2.22)
Then, the inflation in the price of investment goods is:

o
i e (1 - UJi) + w; (pgm)l e
! Pog | (1 —w;) + w; (pfi”i)lfm

(2.23)

From here on we drop the notation I, and only refer to I;, so that the production function

for investment is:

M4

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

i i IEJ
= w; ( fj) (it + a (uy) —t> (2.24)
P :uw,t:uz“',t

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

it = (n)" (u + a (uy) —t) (1—w;) (2.25)
uw,tﬂzﬂt

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 77 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.

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

14



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)

S

P"=pux MC = pu x

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
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
a positive 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

2The slow expansion of demand also plays a role here.
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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, ==L Y*.

zy = (py) "M yf (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

L
X, = {/ Xﬁ;dz} . (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
demand for specialized exports:

_)‘z,t

PCE Az,t—1
X,.=(-2) " X,. 2.28
(B =

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

1 1
Pr= {/ (Pzgclt)W dl}
0
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The " specialized export is produced by a monopolist using the following technology:

Nx
1 ng—1 1 ng=1 | ny—1

Xig = |wi* (X)) 7 + (1 —w,) (X7,) ™ >

where X[} and X{ft 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 "7:51:| ng—1

C =minty [P""R{ X[} + PRYX{ ]+ {Xi,t — {w (X)) " 4+ (1 —wy)w (X7) ™ } ,

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 1 -1

TERIPM = AX[Fwi (X[
S -1
TTRIP, = AX[F (1—w,)m (X4)™

Nz
1 np—1 z=1 | np—1

o= |wer (X)) e+ 1—wx% X{, iz
X o ;

)

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

and the multiplier:

Ng—1 Ng—1

(Xm) nNg—1 )\nzleZ t77.7: anT (2 29)
Nz — 2
it B T R PTLT\ e — .
(T RY P )77 !
71Xn1771 (1 )7190*1
ng—1 )\nx . R - w‘rx Mz
(X5) = = - (2.30)

(¢ RER)™

Substitute these into the production function, to get:

Nz

_ Wy (1 —wy) |t
Xi,t = /\ani,t (7_:1:) la ( T — + — > .
CooN@ s (ReR)T

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
— . PmJ N 1— - P 7795] z
St Pt:r St Ptx [w ( t ) + ( w ) ( t) )

S
me, =

where
R =viRi+1—v}. (2.31)
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We rewrite the expression for marginal cost to get it in terms of stationary variables

A Tthm m,x\1-n 1—17, .
met = — = ——— |w, (p/" * 4+ (1 —w, . 2.32
" SP 4Pt Py #i™) ( ) ( )

where we have used g pr g prpepe
tl tte Lt Lt c T
e e T . 2.33
P, Fi B B M 25

The i, 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,
do so as follows:

T ~T DT ~x T R e\1—Ke—2tz [ v\
Pi,t =TT Pm—la Ty = (Wt—l) (7r ) (W) ) (2-34)

where k., 3, ki + 3¢, € (0,1) .
The equilibrium conditions associated with price setting by exporters are analogous to

the ones derived for domestic intermediate good producers:*

. ]
7\ T
By |+ 1Dty e + < ;“) BEFay1 — Foy| = 0 (2.35)
i1 |
- A:ﬁ 7
v =Xz
By | At cqpptmmc? + BE, <F;+1> Kpip1 — Kox| = 0, (2.36)
t+1
1—Xgp
AI Az
-6 (F) 2 \NTE
pr=(1-E,) - 5 +&, (ﬂ—;ﬁf_l) (2.37)
T t
o\ T 1)\ (1-Xe)
-6 () K
Tt x,t
== 2.38
1- gx Fac,t ( )

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

1
/ X?fitdla
0 9

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

AT AT R AT
T = 71+HwﬁEt7Tt+1 + TFr, Bt
1 1 - 1 - —~
(-pe)(-6) .
1+ ke 3

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

yi o (2 ) X, (1w
i,t_ T:tERfPt Z,t x) -

Integrating this expression:

1 J A Nx 1
Xtdi = 1 —w, X di 2.39
/0 o <TfRZ”Pt> i) J R (239
*Axt
A T L (PE) T d
- <meP) (1_”9”)Xff0( ’t)m :
Ty vy Ly (Pt:p>>\z,ti1

Define P, a linear homogeneous function of P, :

Ag,t—1

o 1 —Aait —Az,t
Pf:[/ (P‘”)wldz] :
0

Then,
_/\zt _Azt
W
and )
[ xtai= ( ) (e X ) (2.40
where
or __ Ptx
pt - th7

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 Stptx [ m,x\1-—n 1*1771
z Do -z |Wz \P 7 T4+ (1= Wy } s
Pril  Paptnd (p:™) ( )
or,
)\ Stptz |: 1— —n lflnz
T pr * pc px wz(p ) Z_’_(l_wx)} )
Prili - POE AT
or,
)\ 1

m,r\1—n, 1=ng
= [w, ek (l—wl)| T
By = @ () (L= )

Substituting into (2.40), we obtain:

! fa _>‘.r,t
Xg = /0 Xfftdi = [wx (p;n,w)lfnw +(1- Wx)} T=ng (1= w,) (BF) T (p2) ™ Y, (2.41)
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We also require an expression for imported inputs for exports in terms of aggregates.
Using (2.29) and (2.32),

1 Ny
o ) 7+ (1 =)

m,r
Yz

m
Xi,t = Wz Xiy

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 i"
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:

1 Nz
1-ng

wo () 4 (1 w,) e
()77 X0,

m o __
X" = wy

m,x
Dy

where the law of motion of pf is given in (2.37). Note how the impact of price dispersion
operates in the previous expression. For a given total of the homogeneous input good, X",
one obtains less of the homogeneous output good, X;, to the extent that there is price
dispersion.

After scaling the preceding expression and substituting out for X; using the demand for

exports (see (2.26)), we obtain

1 Nz
1—ng

Wy (p;n,oc)l—m + (1 —wy) Xt

" = w, e (B) =71 (pr) " yr (2.42)
t

2.4.2. Imports

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
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 — [/ (C;’;)Wdi] ,
0

20



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 C7" 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:
Xm,C
PT)’L,C m
cr = oy (Ptm,c) .

it

We now turn to the producer of C!:, who takes the previous equation as a demand

2,0
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 =vViR; +1— 17, (2.44)

m,

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.*

It is of interest to have a measure of the total imports of the intermediate good producers:
1
S P} R;™* / Cylidu.
0

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

1 m.eN —2
P ) Am,C _
S, PrRV* / cm < Ptm,c> " di
0 it

/\m’c 1 _)\m,C
_ Stpt*R;/,*an (Ptm’c)i*m’cfl / (P‘T?C) m,C_1
0
m,C
Hm,c \ 1-Am,C

— SPRCCr ,

m,C
Pt’

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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where
1_\m,C

R 1 A™C Am,C
m,c m,c\ T m,C
B = {/ (Pi,t )
0

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

)\m,C
* 1283 m oM, C 1_m,C
S, P ROy () imvme (2.45)
where .
m,c
om,C Pt
t - m,C )
B

and p;" is discussed below.

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

1 1 At
I = { / () d@]
0

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

ment goods, [[", is:

input prices, Pf;’, 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 C}". 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
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:

AT PZ'Z”

StPt*R;/,*]tm (ﬁ;n,l) 1_A,t : ﬁzn,z _ Pm,i? (246)
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:

)\m,X

1 1 t
o= [ o]
0
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The imported good retailer is competitive, and takes output prices, P,"*, and input prices,
Pftm, 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
>\7VL x

Sy PRV X (") 1= | pit = Pi;j,x (2.47)
t

Each of the above three types of intermediate good firm is subject to Calvo price-setting
frictions. With probability 1 —¢,, ;, the 4" type of firm can reoptimize its price and with

probability &,, ; it sets price according to the following relation:
Pg’?tl,j _ ~m,JPlWZ7JD 77(;7% = (7.(;71,9“%]‘ (ﬁ§>1fh‘/m,j7%m,j FHm (2.48)

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

the ones derived for domestic intermediate good producers:

255 \ 1A
Ey |Y,+py TIE] + < f:;) B jFmgir1 — Fnge| = 0 (2.49)
t+1
Amj -
7~_‘_m,j [
Et ,j¢z+ tpt mct e ] + /Bé-mj (7]'::;’;> Km,j,t+1 - Km,j,t = 07 (250)
t+1
I
g\ Am,j A Am,j
) ( ) 1-— fmJ (Winj> o ﬁ_gn,j ' 1—M;f,j
oM, ] 7Tt oM, ]
pe = [(1— fm,' + fm,' i Pi—1 (2-51)
’ L - 5m,j ’ T 7
mg\ T (1=Am.j)
1-¢&, (ﬂer—J) " Ko i
LT — —mit (2.52)
1 é \J Fm,jt
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. . |
for j = c,i,2z.° Here,

' J=c
El=q " j=
iwroj=1
Real after tax marginal cost is
; S P Sy PrPPP,
me; = T —tmt. R/* =i litt2t tmt. LR (2.53)
P PeP™ Py
= I Ry
t
for j = c,1,x.
2.5. Households
Household preferences are given by:
Ejiﬁt Cin (Cy — bCy_1) — CIA (hy)™"" (2.54)
0 t t t—1 t41L 1 + oL .

t=0
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:

[_(t—H =(1-9) K+ F (L, L),

where /
F(I;, I) = (1 - S (—t» I,
I
and
- 1 — —
S() = 3 {exp [\/E(l’ - uz+/w)] + exp [—\/E(x - uzw@)] - 2} (2.55)
= 0, 2= p iy

"When we linearize around steady state and s, ; = 0,

~m,j ~c ﬂ ~m,j ~c Rm,j ~m,j ~c
ﬂ'zn] -y = mEt ("Tﬁ{ - 7Tt+1) + ﬁ (Wﬁ{ - 7Tit)
Hml,j/B (1 B pﬂ')’—\c
1 —‘y—:‘im’j,@
1 (1 - Bfm,j) (1 - gm,j) —~m,j
me, 7,
1 +K7m,jﬂ gm,]
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Also,

S (z) = % N {exp [\/5(90 - Mﬁﬂw)] - &Xp [-\/@(m B MZJ”M‘I’)} }

= 07 T = [yt g
and
. 1~ — —
§" (@) = 38" {exp [V (@ = poona) | +exp [~V (@ = jropiy) |}
- g//a T = [yt g -
Also,
~ ]t = ]t ]t
Fy (L, 1 = 1-5S({— i e
1 (B ) < (IH)) (]tl) iy
— 1 [t —
’ It—l = Mot g
and,
< (I L\’
F (L, L) = S|— —
vt = 5(75) (1)
I
= 0, I, Mt
Scaling,

F(I,I1) = (1 ~3 (M)) P

-1
~ 'L B @ Z

Fy(ly Iiy) = <1 - S (M>) _g <luz+,.tﬂ\ll,t t) qu+it'u‘1/’t .

-1 b1 141

. o

- i ;
FQ (Ita _[t_l) — S/ <’LLZ+,.tIU/‘I’,t t) (//[/Z+it//l/qj7t t)
tt—1 (]

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

_ _ ~ )
Rz Uy = (1— 6) Koz W+, <1 _3 <M)) 2,

L—1

_ 1-6 _ i ;
b = —— k4T (1 ~3 (M» i

Foot thhw ¢ b1

or,
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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

— o 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, = . (2.59)

where it is convenient to recall

pi i
Ztp—P
\Ijt t to

the date ¢ price of the homogeneous investment good. Here, Py ; 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 t + 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 1Wyq (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) Wiy Poyyr + T%%%Hﬂgt
= Tl .
Wy 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:
R,

_ (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 Yo 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} = Ha b gl ao (Pt phhw e\ Hot ofby 0t
- +,tat+vtptpk',tfrt 1-§ (=2t ¢ 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 [
s Db+ o P T {1 - S (M> ~ g (“ e t> Hatablus t} (2.62)
' ’ (] 11 11
. . )
cr [ Mot t+1 M0 e r10t+1 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,
= 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 ¥ 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 payoft 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
S;/ 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)
Tt41 M+ 111
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,
o — St A1
t Ptzt+ )
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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 ¢,
ALLV is designed to capture this idea. According to this functional form, when a shock
occurs which causes an anticipated depreciation 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 Sgy1 —log Sy, Ry — Rf)  cov(Ry — R} — ¢,, Ry — R})

var (Ry — R}) B var (Ry — R}) ’

according to our linearized expression above. Then,

_ 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):

@ = @ (a, B = Ri,dy) = exp (=, (0 = @) = 6, (R} = R~ (R* = R) +6,) . (268)

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 a
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:

1 Aw
H, = V (hj,t)klwdjl 1< Ay < 00,
0

where 1; 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
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1 — &, the j household is able to reoptimize its wage and with probability £, it sets its

wage according to:

Wih = Fura Wi (2.69)
~ c\Rw [(=c (linwi%w) v\ Hw w
Twt+l = (7Tt) <7Tt+1) (W) (,uz+)1</l ) (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 W, the household considers the discounted
utility (neglecting currently irrelevant terms in the household objective) of future histories

when it cannot reoptimize:

J . i h (hyytﬂ‘)HUL 1—T7i,
E; Z (BEw) _Ct+iALW + Ut+in,t+ihj,t+i—1 |
1=0 )

where 77 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:

A
V~Vtﬁ-w t+i " " 7~Tw t+1 e
h' i — ! : H i
7,6+ ( Wt+i t+
Here, it is understood that 7y 44 - - - Twi41 = 1 when ¢ = 0. Substituting this into the

objective function,

~ Aw 140,
WiTw p i Tw,t41 | 17 w H
it ~h ( < Wi i
[_Ct-i-iAL

o0
j} :
Et (6511;)
- 1 -+ o,
=0
A
Tr ~ ~ 1-w Yy
7 WiTtwiti *** Tw,i+1 =7,
~ ~ 5 ) t+1
FU i Wil g+ T 41 Hii——— ],
Wt+i 1+ Tt-i—z

It is convenient to recall the scaling of variables:

Wt Y;ﬁ T + =

— + o — ~
77Z)z‘"‘,t - UtPtZt y Wt = —x 55 Yt = —1»
2 By 2

Then,
Wtﬂ'w,t+i o T+l Wtﬂ'w,tJri Mgl W X
- -+ - 5t b
Wi WyyiZyy i Pryi Wiy iz Py
W, (Wi/w,) i (Wi/ W) i,
— — T ti — — Xt,i - Xt,ia
Wiy 2y Py Wit Wi
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where
ﬁ-w,tJri v ﬁ-w,t+1 .
Xti = , 1> 0
TpiTpdi—1 " Tt 1o+ gy " Mot g4l
= 1,:=0.

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

(w5 ma)™ (@) () ()™

Xii=
T Ti—1 " T Lt g =" Mot 141

)

In steady state,

()™ (@) (5 (k)™

) )
TR+

v\ Fw
- (e

— 0

Y

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

Simplifying using the scaling notation,

B> (BE,) [~ChaAL
1=0

_ _ y
Wy Wy W Wy 1=2w 11— T
+Ui Wi - Xii <_—Xt,i Hypi——2],

t+i Wi+i

or,

Aw 1+or
- T—\
s ) Hm)

Wt+44

E} i (BE,) [=ClAL (<

=0

Ay

- y

3 W Wy 12w 1T—7i,

FU ot 4 W0 X < m Xt,i) Hypj— 7],
Wi+i ]

or,

( Aw 140,

0 < — Xti) e Ht-‘,—i)

j i P 2 (1+or)

E]Y (B8,) [—C AL wp e
=0

i

- y
I Wy 1w -7y,
4 Wy Y Xy Z X Hypimr— )



Differentiating with respect to wy,

. . =% (I+or)—
EJ i1 +h A 1
t ; (5511}) [ Ct-i—z L 1 + oy, +o )
>\ 1371)\”11, 1— Tter'
X 7 X 7 H z—Z =
+1,+ t—Hwt YWy Xy, (?Dt+z t, ) BT tﬂ]
Dividing and rearranging,
. Aw 1+or
. . QDt 1—Aw
EY vi_ch A X i H i
t ; (ng) [ Ct—i—z L ((U_JH@' (2 ) t+ )
C 1-Aw(14op) - oL 1— 7Y .
+¢z+,t+z wt‘ =5 5, X, _wt X Ht+z¢] =0
Aw "\ Weyi L+ 73

Solving for the wage rate:

140,
j o0 1- >\1u
1-Xy(1+0p) EZ Zi:o (55 ) Ct—i—zAL ((wH— Xt,z) Ht+z)

U% 1-w _ A
EY >ico (BEw)" w%ﬁwtxt,i (%th) " Hiy Lr:tﬂ

Ak

thw,t

where

=0 t+i
A
00 ) T=ap 1 7Y
_ Z i Yot pri Wy t—i—z
Fw,t - Et (ng) A Xt,’L _ Xt,z t+21
i—0 w Wit + T

Thus, the wage set by reoptimizing households is:

1w
[ALKW] Rw(ter)
Wt = | —— .
thw,t
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We now express K,,; and F,,; in recursive form:

or,

using,

0 Aw 1+op,
j i h Wy 1w
ELY (B8,) | | = Xe Hivi
—0 W44
K2
a ) s Aw 140y,
_ Kw [ =c —Rw—Xw v\ Hw w 1-Aw
horylt h w, (7f) (7Tt+1) (7)™ (pp+)
Ct Ht o +6€wct+1 — z Ht+1
W1 T+ 1M+ 41
a ) 9 Aw 140y,
_ Kw [ _— — —Rw—Xw v 2\ % w 1-Aw
2 .k Wy (Wfﬂfﬂ) (7T§+17T§+2) (77) ’ (u§+)
+(6£w) €t+2 _ Ht+2
Wyt T 2T i1 gt g oMot t41
+...
Aw
_ Kw (=c (]-*Nw*%w) U\ Mw Y 1,)\w(1+‘7L)
hrrl+ Wy (Wg) (7Tt+1) (77) (,u +) h 1
GH TP+ EBE, | = - {Ct—i—lHtJ:rloL
Wi+1 Tt1o+ 141
a ) 9 Aw 140y,
_ Rw (— —Rw—Xw v w w 1—Aw
W1 (7T§+1) (775+2) (W)% (Hz+) h
+B8., = Hipo Ciio + o}
W2 Te+2lo+ 42
Aw
— Rw (=c (1_Hw_%w) ~ 0\ A Do 1-Aw (1+UL)
hoprl+ wy () Tyt (7)™ ()
Cth L —I—Bwat = ( ) - Kw,t+1
W1 T4 1M+ 141
A
~ “{-(1+or)
byl Tuw,41 | 1A
CrH, " + B, By ( = ) Ky 11,
Tw,t+1
W, Wyr12, 1 P Wit1 Tit1
Fwtrl = 41 W12 e Wit Moot t 1T t+ (2.71)

’ Wt U_]t Z;r Pt ’U_]t
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Aw

- R, Wy =w -7,

Fp:+ = E BEy) =X | —— Xt Hppj—

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

t+1

e, Leran (wt )1% ((wf)““’ (7)) () (u#)%)lﬂgfw -

T A Wet1 Ttt1fat 141 l+7
Aw
9 Vot Wotippa [ Wy |1
w W42
c_c Kw (—¢ —c (1—RKw—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 Mot pyobbat 441 T+ 7
+...
or,
z 1_ !
Fo: = v +’th Ti
’ Aw 1+7y
. Ay v (= \(A—Fw—w) o 9\ T TE
ey ( Wy )1“ () (Wt+1) (7)™ (g ) {¢Z+,t+1H 11—
wl| = 1T T w
Wiy Tt Mo+ p41 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 =7 Wiyt \ [ Twtr1 Y
¥4 t w
== : H + w — : Fw bl
g T ( e ) (MM) -
so that

Ay
Y, 1—1] w Tw e
Foi= - LH, ‘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 RER (frw,tth)w}
Dividing both sides by W; and rearranging,

1_£w (::i)m
1_£w

Wt =

35



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

. 171)\ 1-Aw(l4+o0yr)
-G ()T
AL 1_€w

Wk = 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 1—w )
h, = — H.d
t /0 < W, ) t&j

aggregate household hours,

H ! D
= —txw/ (Wjs) e dj
(W)= Jo
D
= w, ™ Hy, (2.72)
where -
Wt /1 Aw Aw
= —, W, = W.: ) T=2w
i = gy W= | [ 07075 d
Also,
Aw Ay 1}2}“
~ T—Xw - 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 +&, <_7th) ]
7Tw,t
) 1—Aw
B )\w Aw
Fwt \ T2 w w
1 - éw (ﬂ'w’t> 7?wt o 1i>\w
= |(1-¢&,) ’ +&, <—’wt_1) . (2.73)
1- é.w w,t
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In addition to (2.73), we have following equilibrium conditions associated with sticky wages®:

A

Yorp o~ 1—7] Wie1 ) [Fuwarr) T
Fop= =", ™h ! E = F, 2.75
it . wy 1 T + B, E o — 41 ( )

N 140 ~ 24 (1407)

o T TN T, w
Kyt = C? (wt o ht) + B, F (ﬂ Hl) Koy 41 (2.76)
w,t+1

} - 1)\ 1-Aw(14+0or)
e (B)T
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 (7S — peT, .
07+ ¢+ ngHy +197¢ + 101071 + 111G,
Fokbat ¢+ Mighlat 11

E, =0, (2.74)

where
b Awor — (1= Ay)]
Y=g, (1=¢,)]
and
bw€
Mo whw
m (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)
M1 —(1—Ay)
M2 —bwé,
M3 bwBE,,

"There was some adjustment to the exchange because the basket of currencies was adjusted.
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following criterion:

o) 2
. 2
By F{(100 [mims ym oy — (75)"]) +Ay(m0bg<%>) + Aar (400 [R, — R,_1))?
§=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):

Ry Ry Ty T 4
log < R) = pglog ( 7 ) + (1 = pg) [log (7r‘3> + 7, log ( = (2.78)
e (52 e (52) e e 8

Here too, the parameters would be taken as unknowns to be estimated. In addition, 7y 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 1995q1-2008q1. The data discussed below refers to this period.

We model government consumption expenditures as
— ot
Gt - gtzt 9

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

We suppose that
log g: = (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 our model, capital is accumulated and
capital income accrues directly to the household. However, an observationally equivalent rep-
resentation 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 cor-
porate 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°. For now, we set 7° = 0 to match the pre-tax
real rate on bonds of roughly 2%. 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, 79, 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,
(6%

= logy; + ;—logt, +logz,

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

. .
log <z_t> a;p 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 Hapt 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

Hap eﬂwi

where the €;’s are mean zero, unit variance, iid 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" has 10 independent parameters.

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 monetary policy shock, in which it is assumed that inflation and
output are predetermined relative to the monetary policy shock. Under this interpretation
of ep+4, our treatment of the foreign monetary policy shock and the domestic one are in-
consistent. 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
Ksum — / Kidl
0

1
= / [(ZtHi,t)l_a EtKiC,Yt - Z:rﬁb] di
0

1 «@
K.
11—« th + N
= z g | — | Hy—=z gb]dz
/0 [ : <Hz't) c
KN\ [!
1-a 13 . +
= z; | = Hydi — 2
t t<Ht> /0 ! A
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,
Y = oK HI" = 5.

Recall that the demand for Yj, is

Ad
P\t Yy
Py Yy
so that R
1 1 d A Ag
o P Ag—1 d o =
Y;E/ Y;’tdzz/ K(Pt) d di:Y;Rekdfl (H) /\cl7
0 0 it
say, where

o 1 2 Ad
P, = { / Pl dz’] : (2.79)
0
Dividing by F;,

1-2y4
R A
bt = > di ;
' /0 ( Pt )
or, -
1\ A Ad
1, (Fae) x 24
o P\ Tdpt o Td
Pt = (1 - fp) 1 — é— + gp (ﬂ__tptl) y (280)
p

after using (?7).
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The preceding discussion implies:

A A

>4 v o \ 3oty —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 ¢ o+ ¢

where

kt = Etut. (281)

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

Y 11\ 2w )
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 1S5 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, = PRy (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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P L e T e e AT
StAi + SPC Ry (Ct (B =3 I (p) T+ X (B )1*m’z>
StPtxXt + R:_l®t,15tA:,

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
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where, recall, a; = S; A}, /(P,z). Dividing by Pz, we obtain
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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),
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or, after scaling by 2, and using (2.18):
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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™?,
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 Tt
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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 70 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

which can be used to solve for the following 70 unknowns:
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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 ?7?.

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.

46



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, NV;,;, 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 ¢ 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;.

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 (??7). 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
RY, w, where RY. | is defined in (2.59). Because the mean of w across entrepreneurs is unity,
the average return across all entrepreneurs is Ry, ;.

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:

W1 RY A PPy Kii1 = Zii1 B (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 Z,,1B,;,;. 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

deductability of interest payments for firms:

i B
(1- Tf) [Utﬂrfﬂ - gi_ia(utﬂ) — (Ziy1 — 1)Pth/TIl<t+1] P
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= Py Py y
N (1= 0)Prt1 Py i1 + 750 PPy s

)
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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 ¢t + 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;11B;.1, from the 1 — F} (;,1) 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 = Fy (0441)] Ziy1 B + (1 — p) / wdFy (w) R,ﬁrlBszthH = Ry By,
0

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

k

R
Ti(@et1) — pGr(@r41)] ELI o, =0,—1 (3.3)
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

Wi+1
Gt(wt—i-l) = / WdFt(W)
0

Ly(@i11) = @1 [1 = Fy(@i41)] + Ge(@i41)

The expression, [';(wsy1) — uGy(wi41) is the share of revenues earned by entrepreneurs that
borrow Byy1, which goes to banks. Note that I'}(w;11) = 1 — Fy(@41) > 0 and G(@weyq) =
i1 F(@ey1) > 0. Tt is thus not surprising that the share of entrepreneurial 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 w;,; = w*, say. The expression
is increasing for w;;; < w* and decreasing for w;; > w*. Thus, for any given value of g, and
RY. 1/ Ry, generically there are either no values of @41 or two that satisfy (3.3). The value
of Wy 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 w;,; 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 @, falls with a period ¢ + 1 shock
that drives Ry, , up. The fraction of entrepreneurs that experience bankruptcy is Fy (@e41)
so it follows that a shock which drives up Rf,; has a negative contemporaneous impact on
the bankruptcy rate. According to (2.59), shocks that drive Rf,; 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; f;;l |RF (WP Py K1 — Ziy1 By | dFy(w)

Ry Nt
B, W — @] dF (W) Rfy PP Ky
B RNt
oy B
= By 1= Te(@e)] = 1 o
¢

20



after making use of (3.1), (3.2) and

- /0 " wdFy(w) = /w " W) + Gil@e).

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;Ny,1), subject to the bank zero profits condition. The

Lagrangian representation of this problem is:

RE RF
max By 3 [1 = Ty(@1)] =50, + Ayt ( [Te(@e1) — pGo(@n)) =570, — 0 +1) ¢
Qt:{wt+l} Rt Rt

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+1 - - Rf‘*‘l =
Ey S [1 = Ti(@i41)] R + A | [De(@41) — pGie(@r11)] R, 1 =0
t t
R RY
—Ty(@141) }fi“ + A1 [T (@141) — pGy(@r41)] ;{H =0
t t

k

R
[Le(@i41) — pG(@11)] %Qt —o+1 = 0,
¢

where the absence of \;;; from the complementary slackness condition reflects that we as-
sume M1 > 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:

Rk
[Cio1(@0) = pGea(@4)] R tl 91— 01 +1=0 (3.4)
t—
RY T (@41) RY
E {1 —Ty@ ad gus Sadas <Fw — uGi(@ ”1—1)} = 0,
- ) Tt O (100 - )] T

fort=0,1,2,...00.
Since N;;; 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

B
Nt+1

:Qt_17

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
7 Wiy o R (3.5)
t+1 — _ N1 - 1 _— 1 .
Pth’,tKH-l 9

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 = RYP, 1 Puy 1K) — Ty (@) RY Py Py 1 K7 (3.6)

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:

Kt = Kth (Nt> dNt-

Ny

Multiplying (3.6) by f ({V;) and integrating over all entrepreneurs,
Vi = prt—lpk’,t—lf_(t — Ft—l(@t)RfPt—lpk',t—l—f(t-

Writing this out more fully:

Vi = prt—lpk',t—lf_(t - {[1 — F, ()] e + / WdFt—l(w)} prt—lpk’,t—lf_(t
0
= prt—lpk',t—lf_(t

— {[1 — Ft_l(ajt)] Wy + (]. — [1,)/ WdFt_l(W) + [1;/ WdFt_l((U)} prt—lpk",t—ll_(t'
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:

ffy wdFy 1 (w)REP,_y Py 1 K,

V,=R'P,_ 1Py 1K, — { Ri_ &
t g1 Fpr g 118 { —1+ PPy ik — N

} (PrsPoy i Ko — Iy,
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 = v,V; + W, or,

Hf()@t WdFt—l(w)Rf-Rt—lpk’7t—1Kt
By 1Py 1 Ky — Ny

+W¢. (3.7)

Ny = Vt{RfPtflpk’,tflf(t — | Rio1 + (Ptflpk’,tflkt - Nt)}

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:

Nt+1 wé = Wte
) t .
Pzt Pzt

N1 =

Dividing both sides of (3.7) by P;z;", we obtain the scaled law of motion for net worth:

N1 = - Zt [prk/,t—lfft - R (pk',t—llz’t - nt) — G (@t) prk’,t—lEt} + wy, (3.8)
tHhztt
for t = 0,1,2,... . Equation (3.8) 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
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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, in terms of the scaled variables, is:

R n
Ly(@i41) = pGe(@p41) = RTt (1 - 1#2;1) ) (3.9)
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:

ge = g+ (L= w2) (5" o+ (p1)" ( Ta(u) —) L-w)  (310)
:ul/),tluz‘*',t

Ny . _—

mM,T\1L— 1=ng or\ N 1 T\ *
+ |wa () "m+(1—wr>] (= wa) () (pF) My A+ dy,

where _
_ nGiq ((Dt)prk’,tfl ks

Tyt ¢

Account has to be taken of the consumption by exiting entrepreneurs. The net worth of

dy

these entrepreneurs is (1 — v,) 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

@ - 715

t

(g1 — wf)szt

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 (3.7). 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
Wit1 Rt—i—l

Ze1— B =7 — Ry,

N1
Pit tket1

according to (3.5).
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The financial frictions brings a net increase of 2 equations (we add (3.4), (3.8) and (3.9),
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 specific framework - which in-
cludes capital and monetary factors - following the version of the Gertler, Sala and Trigari
(2006) (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 differen-
tiates between hours worked and the quantity of people employment, it has unemployment
and vacancies.

The labor market in our alternative labor market model is a slightly 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. 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 supplied to the competitive labor
market by labor retailers (contractors) who combine the labor services supplied to them
by households who monopolisticly supply specialized labor services (see section 2.2). The

modified model dispenses with the specialized labor services abstraction. Labor services are
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instead supplied to the homogeneous labor market by ‘employment agencies’. See Figure 77
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 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.

The nominal wage paid to an individual worker is determined by Nash bargaining, which
occurs once every N periods. The employees of an agency is 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. 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.

Once a wage rate is determined - whether by Nash bargaining or not - we assume that
each matched worker-firm pair finds it optimal to proceed with the relationship in that
period. In our calculations, we verify that this assumption is correct, by confirming that the
wage rate in each worker-agency relationship lies inside the bargaining set associated with
that relationship.

Next, the intensity of labor effort is determined according to a particular efficiency crite-
rion. To explain this, 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):

140

(e.) B . g
Ey Z 51 t{CtH 108;(Ct+l - bOt+l—1) - C?HALﬁLtH}a (4-1)
1=0

where L, is the fraction of members of the household that are working and ¢; is the intensity
with with each worker works. As in GST, we follow the family household construct of

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

10An 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.

'We thus specify that the job separation rate is constant. This is consistent with the findings reported
in Hall (2005b,c) and Shimer (2005a,b), who report that the job separation rate is relatively acyclical.
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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, If, i = 0,..., N — 1, is the same for each household. We suppose that
all the household’s workers are supplied inelasticly 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:
cru + E i1 Y
(1 — Lt) Pt b n + - Wt tgtm (42)

where W/ is the nominal wage rate earned by workers in cohort i = 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 the same in each
employment agency, regardless of cohort. 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:

1

1—r¢ "
Ut 1+7Y

Wy = C?ALgfL

(4.3)

To understand the expression on the right of the equality, note that the marginal cost, in
utility terms, to an individual worker who increases labor intensity by one unit is ¢(!'A;¢7".
This is converted to after-tax currency units by dividing by the multiplier, v;, on the house-
hold’s nominal budget constraint as well as by the tax wedge due to labor income taxes and
payroll taxes.

Labor intensity is the same for all cohorts because none of the variables in (4.3) 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 (4.3).

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}
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are:

+ AN
Kz tUt i
CE 3 t

units of the domestic homogeneous good. Here, ! denotes the number of employees in
the i'" cohort 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 amplification 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. Model Details

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

Wit = TwWisii-1, Tws = (Wf_l)ﬁw (ﬁf)(l_nw_ﬂw (7)) (ppr )", (4.4)

fori =1,..., N — 1 (note that an agency that was in the i"* cohort in period t was in cohort
i — 1 in period t — 1) where Ky, 36y, Y, kw + 360 € (0,1) . After wages are set, employment
agencies in cohort 4 supply labor services, lic;, into competitive labor markets. In addition,

they post vacancies to attract new workers in the next period.

4.2.1. The 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 separations and new arrivals, [9, and an arbitrary value
for the nominal wage rate, w;. We are thus interested in the firm’s problem after the wage
rate has been set, when vacancy decisions remain to be made. 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 firm chooses a particular monotone
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transform of vacancy postings, which we denote by ! :

_ Qi

~’i_
T
li

The agency’s hiring rate is related to ©¢ by:
Xi = Q; ;. (4.5)

In this notation, the agency’s objective is to solve:

N-1 +
. v . Kz . N2 .
F (l?, (,dt) = Z ﬁ]Et L+J n%ax [(Wt—l—j — Ft,jwt) §t+j - Pt+j ;+] (Ui) li-‘,—j (46)
=0 t Uiy
v ~
+6NE; Z:NF (ngrNa WtJrN) 3
t
where ¢, is assumed to satisfy (4.3). Here,
) Twpr o Twerr, J >0
rm_{ ) e (4.7)

Also, W, 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 W,y as given. The law of

motion of an agency’s work force is:
L= (a+p) ks (4.8)

for + = 0,1,..., N — 1, with the understanding here and throughout that i = N is to be
interpreted as i = 0. Expression (4.8) is deterministic, reflecting the assumption that the
agency employs a large number of workers.

The firm chooses vacancies to solve the problem in (4.6). It is easy to verify:
F (l?7 wt) =J (wt) lga (49)

where J (w;) is not a function of . The function, J (w;), is the surplus that a firm 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

K ,_
J(wy) = max {(W, —w) s — Ptzjg (U?)z

j N-1
{vt+j}j:0

Vit41 K . 9 ~ .
B2 (Wi = Dwn) i1 — Prnzfiny (0)°] (00Q1 + )
t
(v 2 K _ 2 5 _ R .,
+5° ;+ [(Wt+2 — Ty owy) Seo — Pt+22t—:_2§ (Ut2+2) } (U?Qtl + p) (Ut1+1Qt1+1 + p)
t

+... +
v x ~ —t ~ -t Uy A A
49V (W) (1001 + 0) (@4 9) -+ (EALAQE A + )

t
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Differentiate with respect to 90 and multiply the result by (ﬂ?@%ﬂ + p) /Q; ", to obtain:

0 = —Ptzt H'Ut( +p)/Q
+5U;+1 [(Wt+1 —Tawy) S — PHIZHI; (UHI) } ( Q0 )
t

Vt+2 K ,_ 2 N ., ~ .,
+? v: [(Wt+2 — 'y pwy) Sy — ]Dt+22t—:_2§ (Utz”) } (v? hR p) (Utl+1Q%+1 + p)

o
—i—»BNUZNJ (Wt+N> (07Q; "+ p) ('&tl—&-lQi_L +p) - (N 1@ 1+ )}
- J(wt)—(Wt—wt)gtJrPtZ;rg(?7?)2—32;”“7?(0 )/Q

Since the latter expression must be zero, we conclude:

Tw) = (Wemw)si— Pt (#)"+ P il (8Q1 +9) /I
P

K . N
= (Wy—wi) s+ Ptzfa (v,?)2 + Pz Ky

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

essary conditions for optimality. Multiplying the first order condition for ¢}, by

- . 1
(vtl-i-lQi—I—l + P) 1—0>

t+1
we obtain:
Ut41 ~ - ~ -1
0 = —B—— o Pzl ki (0007 + ) (0,1Q1t + 0) =1
t+1
Ut42 ko2 \2] (~0~1—0 ~ -t
432 o [(Wt+2 — Iy owy) G2 — Pt+22;;2§ (Ut2+2) } (U?Q% + P) (Ut1+1Q1}+1 + ,0)
S
Ut4+N ~ — ~ — ~ —t
FNTELT (Waew ) (50Q1 + ) (00 Q1 4 0) -+ (N 1Q1k 1 + )

Substitute out the period ¢t + 2 and higher terms in this expression using the first order

condition for 0. After rearranging, we obtain,

P,z k? v 0)’ Ol
! tl_L L= B et [(Wt—i-l - Ft,lwt) St+1 + Pt+12;5r1/< (( t—;) + tJlriL .

t Ut

Following the pattern set with ¢/, ,, multiply the first order condition for @7, , by

(vt+2Qt+2 + ,0) A
tre
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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,

5 \2
1 v (025)"  925p
1 42 t+2 t+2
Pt+1z1j—_|—1’ivt+1 = (Wiga = Tiowr) Seo + Pt+2zt—:_2/€ 9 +
Qit Vg1 Qits

Continuing in this way, we obtain,

1 Uttj+1 (fdilﬂ)z 77§j:1+1p

Prvjt k0= = B | (Wiger — Dejawe) Sevger + Prrjrn 2 i1 32 + =7
Qi+ Ut+j Qt—i—j—l—l

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

@ﬁ ~_1- After multiplying this first order condition by

(771511\71 1Q%;JLV—1 + p)

Y

Qrin1
we obtain,
N—1Ut+N-1 _ ~ _ ~ _
0 = =g g il (1QE ) (LaQi )
~N—2 -
(Ut+N 2Qiin_2 T p) (Ut+N 1 Qirna + p) o
AN-1
NUt+N 1 ~1 1—
+p 0y J (Wt+N> ( ’ P) (Ut+1Qt f+ P) : (Ut+N 1Qt+]LV—1 +P)}
or,
1 Ut+N =
Psrtn it = g (W)
Qt+N 1 Vi4N-1
Making use of our expression for .J, we obtain:
- 2 .
. 1 Vi N - 2, v 0 up
Pren-17 n KUy N = f— <Wt+N - Wt+N) Sen + Pynzf vk ( ”2 ) + N
Qv Vt+N-1 Qi

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:

1 Ui - (@) | wlflo
Pz k0] —= = B <Wt+1 - thj,jJertfj) Sta1+ P12k + ;
t

11—
Ut 2 t+1

for j=0,.... N —2

Divide both sides by P;z;” and express the result in terms of scaled variables:

t ¢z+,t 2 t+1
for j =0,...,N —2

» 1 ¢Z+ - - ~]+1 ~j+1p
/i'Ug - = ﬁ—’tﬂ [('wt+1 — Gt,j,jﬂwt,jwt,j) Sti1 + K <( t+1) + t+1 (4 10)
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where

7?w,t—l—l T ﬁ-w,t—i—&—l 1 1 .
Gi_iiv1 = <o , 1 >0,
g1 Tt Mo+ i1 ozt 141

W, W
Wy = —, Wy = —/—.
t th t Z:_Pt
Also,
T t+5" Tw,t+1 1 L 1 .
Gt,j — Tt Tt41 (H‘z+,t+1> (Mz+,t+j> '7 > 0 . (411)
1 i=0

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

contract is:

t+1

2
~N_— 1 1/JZ+ _ _ ’(70 {}0 p
iN ' =0 L [(wt+1 — Wi 1Wit1) Ser1 + R <( tgl) + tJ{iL ) (4.12)
t wer,t

We require the derivative of J with respect to w;. By the envelope condition, we can
ignore the impact of a change in w; on the vacancy decisions and only be concerned with the

direct impact of w; on J :

Jw,t = —Gt
Ut41

-5
Uy

L1641 (X? + P)

t It 2Gtt2 (Xto + /0) (X%H + p)

— = BN_lll)tz—]let,N—lgH-N—l (X2 +p) (e +0) - (X +0) -

Let,
j—1

l .
+ >0
0 = Il:Io (s +0) . (4.13)
1 7=0
so that

Jw,t = —§tQt,0
V41
—p

Ft,1§t+1Qt,1
t

. 52 Vt+2

Ft,2§t+2Qt,2
Uy

N-1Vt+N-1
.— 0 — T No

- 1§t+N—1Qt,N—1
Ut

N-1

i Ut+j
= =Y P ET Qs
Uy

J=0
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Then, in terms of scaled variables,

N-1

Y,
J Z 6‘7 Tt GtJQtng_]. (414)

=0 wszt

The following is an expression for J; evaluated at w; = W,, in terms of scaled variables.

Dividing by P,z :

Sy = ’ (Wt> = (Wt _ Wt) St — g (9)*

PtZt+ PtZtJr
Pt tr1 | Wi — T IWt K /1 \2 0
+6— i1 — 5 (D Xi +p
wm BJrthJ;l o 2 ( Hl) ( ' )
1/’z+ 2 | Wipe — Pt,QWt R
A e — 5 ()| (4 +p) (s +p)
(U Priaziys 2
+...+
,lvbz‘*‘ N _
+8"Y 7 ’f Toraen (X0 +0) (b1 +0) -+ (XN_1 + )
ZT,t

or,

N-1

St = Zﬁj wj:ﬂ [(wtﬂ G jwie) Serj — ;(Ut+3) }Qtﬁ
=0 2Tt

wz+,t+N

¢z+,t

+5" St NS N (4.15)

4.2.2. The Worker Problem

We now turn to the worker. The period ¢ value of being a worker in an agency in cohort ¢
is Vi

V=T W, gl_ﬁ/ ¢h i—kﬁEv”l[V"“Jr(l—)U] (4.16)
t—isi tzt1+ ¢ L(1+JL)U t Vs t+1 P) Vit1], .

fori =0,1,..., N —1. Here, p is the probability of remaining with the firm in the next period
and U, 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} oL Yot 141

Vi, = G- iy ——= — (A ———— + BE,—— [V 1—-p)U. ;
Z+7t = We—iWi—iSt 1 + 7—%” Ct r (]. + UL) wz+,t B ! ¢z+,t [ = t+1 ( p) +’t+1]

(4.17)
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fori=0,1,...., N — 1, where

%
Vi _ i

Uz+ t

K +1

PZ+ — Vet UZ+,t+1 =
t<t

—
Piiaz

In our analysis of the Nash bargaining problem, we must have the derivative of V,? with
respect to the wage rate. Let this derivative, evaluated at an arbitrary wage rate, w;, be
denoted V2 (wy) :

=2

-1
vy = T BiGpyj T, =
w (wt) : (5,0) t§t+gl +T%,J+j t,j 0y

Z <
i

y +

o ig 1 - Titj ¢z+,t+thZt
= (Bp) t§t+j1+ w -t Pt
Tt wz*,t t+j %14

S
L&

_ (5p)j Ei¢ '1 o T{lt/—i-jG _wztt-i-j (4 18)
tt+]1_’_7_;ﬂ+j t,J ¢Z+,t : :

o

j=
Note w; has no impact on the intensity of labor effort, ¢;. This is determined by (4.3),

independent of the wage rate paid to workers.

The value of being an unemployed worker is U, :'2
v
U= P2 b" (1 —7) + ﬁEt;—“[ft P+ (1= fi) Ul (4.19)
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:

N-1

T Xi—lli—l i
=Y —jnt_tl Vi (4.20)
=0

after scaling. Here, the total number of new matches is given by:
N-1
me =Y _xili. (4.21)
=0

In (4.20),
Xi—l i—l
me—1
is the probability of finding a job in an agency which was of type 7 in the previous period,

conditional on being a worker who finds a job in ¢.

12Note that in the model, as in the Swedish data, unemployment benefits are subject to (labor) income
tax.
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Scaling (4.19),

U ¢z T
UZ+7t = b (1 - T?) + BEt w+7t+1 [ft‘/;;+’t+1 + (1 - ft) UZ+,t+1] (422)
zt.t
Total job matches must also satisfy the following matching function:
my = Omy (1 — L) Utl_a, (4.23)
where

N-1

Li=)Y 1 (4.24)
5=0

and o,,; is a time-varying exogenous productivity parameter.'®

Total hours worked is:

N—-1
j=0
The job finding rate is:
my
= . 4.26
e (1.26)
The probability of filling a vacancy is:
Q=" (4.27)
Ut

The 7 = 0 cohort of agencies in period ¢ solve the following Nash bargaining problem:

max (VO (w;) — U;)" J (wi) ™™ (4.28)

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 (4.3) as well as (4.4). The first order condition associated with this problem is:

NV Jor p + (1 —my) [V0+,t - Uz+,t] Juws =0, (4.29)

z

after division by z; B,.
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:

ye = g+ +if (4.30)

N-1
x m,z\1-—n, —Ng \— % R N2 i
D)™ [in ()7 4 (1= )] T (=) 1) 0+ 5 3 (#)7
=0

13Time variation of o, is necessary if we want to include vacancies among the observed variables, otherwise
we have stochastic singularity as unemployment tomorrow, in that case, is fully determined by vacancies and
unemployment today.

65



Total vacancies v; are related to vacancies posted by the individual cohorts as follows:

N

(% {)g lg

Note however, that this equation does not add a constraint to the model equilibrium. In
fact, it can be derived from the equilibrium equations (4.27), (4.21) and (4.5).

4.3. Solving the Unemployment Model

The new endogenous variables compared to the baseline model are (apart from (4.30)):
Gt,j7 Qt,j7 @g7 li7 XL ‘/vzj;&-’t7 Vll),b Jz“',ta ‘/z:i,ta Uz+,t7 Jw,t7 Lt7 My, St, Vg, ft; Wy, Qt

These are 12 variables not indexed by j, plus 6 variables indexed by j. Equations (4.5),
(4.10), (4.12), (4.17), (4.8), (4.11), (4.13) are the ones associated with the variables indexed
by j. Not counting the resource constraint, (4.30), there are 13 additional equations, (4.14),
(4.15), (4.24), (4.23), (4.18), (4.20), (4.21), (4.22), (4.25), (4.26), (4.3), (4.29), (4.27). Note
that the above equations also contain the variables, ¢+ ;, 7, wy, H; but they appear in other
equations in the baseline model. Given that we have 13 new equations, there is an extra
one relative to the new variables. However, one of the equations in the baseline model (i.e.,
wage Phillips curve in the case of the linearized dynamics, and the labor intratemporal Euler
equation in the case of the steady state) is lost. So, it appears that we have an equal number
of equations and unknowns. The unemployment part also brings two new shocks o, and

7, into the model.

5. The Full Model including Financial Frictions and Unemployment

Finally, in this section, we integrate financial frictions and unemployment together in our

baseline model.

5.1. Equilibrium equations

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 section 4.3.
Finally, the resource constraint needs to be adjusted to include monitoring as well as vacancy

posting costs.
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6. Estimation

We estimate the full model which includes both financial and labor market frictions using

Bayesian techniques.

6.1. Calibration

We calibrate and later estimate our model to Swedish data. The time unit is a quarter.
Parameters that are related to “great ratios” and other fractions that are observable in the
data are calibrated. These include the discount factor $ and the tax rate on bonds 7, that
is calibrated to match a real interest of rate of slightly above 2 percent annually. We also
calibrate capital share o and § to match the ratio of investment over output, 7/y.

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,, and several other parameters. We also calibrate the steady value of the
inflation target, and the inflation target persistence.

We let the markup of export good producers A\, be low so as to avoid double marking up
of these goods. We require full working capital financing in all appropriate sectors. We set
¥, so that there is no indexation of wages to the steady state real growth. The indexation
parameters s, j = d,z, mec, mi, mx,w are set so that there is no indexation to the inflation
target, and 7 is set to unity. This implies that we allow for partial indexation, which results
in steady state price and wage dispersion.

For the financial block of the model we set F' (&) to match the bankruptcy rate in the
data.

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 is set so that it takes an unemployed
person, on average, 4 quarters to find a job (i.e. f =1/4), in line with the evidence presented
in Holmlund (2006). We set the replacement rate for unemployed workers, bshare, based
on the average statutory replacement rate, after tax, for this time period.!* The matching
function parameter ¢ is set so that number of unemployed and vacancies have equal factor
shares in the production of matches. o, is calibrated to match the probability ) = 0.9 of
filling a vacancy in a quarter. Finally, Aj, is set so that employed individuals spend roughly

a fraction 0.3 of their time working. The calibrated values are displayed in Table 1.

14This is only a rough calibration as the replacement rate in the data does not include the utility of leisure
time of unemployed people that is present in the model.
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Parameter Value Description

« 0.36 Capital share in production

154 0.999 Discount factor

) 0.02 Depreciation rate of capital

wj 0.43 Import share in investment goods

We 0.25 Import share in consumption goods

Wy 0.35 Import share in export goods

up 0.3 Government consumption share on GDP

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 1.005 Steady state gross inflation target

Px 0.975 Persistence of inflation target shock

Ae 1.045 Export price markup

Vi, vy, 1/{ 1 Working capital shares

' 0 Wage indexation to real growth trend

P 1 -+’ No indexation to inflation target for j = d, z, mc, mi, mz, w
T 1 Third indexing base

F (@) 0.0063  Steady state bankruptcy rate

L 1-0.075 Steady state fraction of employment

N 4 Number of agency cohorts/Length of wage contracts
P 0.97975 Survival rate of a match

bshare 0.71 Replacement rate for unemployed.

o 0.5 Unemployment share in matching technology
Om 0.475 Level parameter in matching function

Ap 4.5 Scaling parameter disutility of working

Table 1. Calibrated parameters.

6.2. Choice of priors

The priors are displayed in a table in the Appendix. The general approach has been to
choose diffuse priors, with four exceptions.

First, 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. Second, for the Calvo
price stickiness parameters we use a mode of 0.75 (corresponding to annual price setting)
and tight priors. Third, we use tight priors for the persistence and shock size of government
consumption process. The priors for this process is based on pre-estimating a univariate
process for government consumption. Finally, the priors for v and W€ are tight because of
their highly-nonlinear effect on the model.

We center o, at 2, following the result in Altig, Christiano, Eichenbaum and Linde (2004).

For the labor supply curvature o, we use a mode of unity. For the prior mode of the habit
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formation we follow a wide literature by setting it at 0.65.

For the Taylor rule we use the same priors as ALLV. We also let all estimated gross
markups have a prior mode at 1.2. Regarding the parameters for indexation to past inflation
we are agnostic and use a diffuse beta prior centered at 0.5.

For the financial block we choose a prior mode of i corresponding to a 2% annual default
premium.

The persistence of the entrepreneurial parameters v, and o; have the same priors as the
technological processes.

For the labor block ,we let the mode of the fraction of GDP spent on vacancy costs be
0.25%.' Regarding ¢, which determines the degree of search vs. hiring costs, we are agnostic
and use a diffuse beta prior around 0.5. See the table in the Appendix for a complete list of

our priors.

6.3. Data

We estimate the model on 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. We use 3
additional data series. First, we add a time series on stock prices (the ‘OMX Stockholm PI’
index, formerly ‘SAX All Shares’) scaled by the domestic price level as a measure of real net
worth. Second, 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 6 month interest rate on government
bonds.!¢ Third, we include a 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, mi™™ e, my Tt e , Ry .

For the remaining 12 time series we take logs and first differences. In addition we demean

each first-differenced time series:

Aln(W,/P,)% Aln G Aln I8 Aln ¢ Aln H* Aln Y, Aln X
Aln M@ Aln Y% Aln Nf*@ Aln Spreadi®®, Aln Unempratedet®.

We demean the first-differenced time series because in our sample from 1995Q1-2008Q1

variables such as output, consumption, real wages, investment, exports, imports, stock prices

15 Formally the steady state recruitment share is defined as
~2
SN2l
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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grow on average at substantially different rates. The model, however, allows for two different
growth rates only. In order to match these different trends in the data the estimation is likely
to result in a series of negative or positive shocks for some stationary 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 A in the Appendix for plots of the above data used for the estimation.

6.4. Shocks

In total, there are 21 exogenous stochastic variables in the model. 10 variables evolve ac-

cording to AR(1) processes:
6’ T’ 7i-c7 CC7 Ch7 ¢’ 0-7 ’Y’ g’ 77'

Further, we have 6 variables that are iid:

Finally, the last 5 variables are assumed to form a VAR(1):
y*7 7T*7 R*v Moy Hog -

6.5. 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:

rate = 400 log T

Rét —  4001og(R;)

ro%te — 400log 7§
mp? = 400log T,
rrdatt s — 400 log

Rt~ 400 log(R?)

We use demeaned first-differenced data for the remaining variables. Accordingly, we need

to demean the variables in the model that grow with their respective growth factors in order
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to obtain:

Aln Y™ = 100AlIny;
Aln Y ™ = 100Alny;
AlnCf** = 100AInc
Aln X = 100A1Inz,
Alngi = 100Alng,
Aln Hi* = 100A1In H,
Aln M = 100AIn Imports,

om,C Am7c
ct (py°) =
— 1OOA ln +/L;n (ﬁ;ﬂ,l)m
AT
bl (5 P
In addition, demeaned investment in the data is measured as the sum of demeaned model

investment plus investment goods used for capital maintenance:

k
Aln 1% = 100A In (it + a (u) —t)
Mw,t:uz+,t

The demeaned real wage in the model is measured by the demeaned Nash bargaining

wage in the model:
W,
% P

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

Finally, we measure demeaned net worth, the interest spread and unemployment as fol-

lows:

Aln Nf** = 100AInn,
Aln Spread?® = 100AIn(Zy — Ry)

— 100A1n (M _ Rt)

1 — nt41
Pt ki1

Aln Unemp?™® = 100AIn(1 — L,).

6.6. Estimation results

The appendix provides preliminary estimation results. In particular, we provide parameter
estimates at the posterior mean. In addition, we present the asymptotic variance decom-
position as well as a comparison of data vs. model means and standard deviations for the
observed time series. Finally, we plot impulse responses at the posterior mean for some

selected shocks.
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7. Analysis

To be written.

8. Conclusion

This paper describes several important extensions of the small open economy model presented
in Adolfson, Laséen, Lindé and Villani (2005, 2007a, 2007b). First, we introduce the feature
that exports are produced by using imported goods in addition to domestically produced
goods. Second, we incorporate financial frictions in the accumulation and management
of capital similar to Bernanke, Gertler and Gilchrist (1999) and Christiano, Motto and
Rostagno (2003, 2007). Third, we include the search and matching framework of Mortensen
and Pissarides (1994), Gertler, Sala and Trigari (2006) and Christiano, Ilut, Motto, and
Rostagno (2007).

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

and matching frictions, with Bayesian techniques.
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Entrepreneur Survival Probability Shock
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Bargaining Power of Workers Shock

Nom.Interest Rate (ABP)

= O =2NW

x Jrwestment (% dev.)

Interest Spread (ABP)

Domestic Inflation{ABP)

Output (% dev.)

-0.05

Bankrupt. Rate (% dev.)

Net Worth (% dev.)

o000 QO
COTHNIONI P

Unempl.Rate (Lev. dev.)

Total Hours (% dev.)

0.4 0
-0.05
02
-0.1
0
Real Exch Rate (% dev.) Exports (% dev.)
0 0
0.5 -0.05
-0.1
-0.1
10 20 o] 10 20
Model versus Data moments (in percent)
Means Standard Deviations
Data Model Data Model
Domestic. Inflation 1.56 2.00 1.97 3.20
CPlinflation 1.48 2.00 1.38 2.98
Invest. inflation 1.42 1.27 2.03 3.22
Nom. interest rate 3.82 4.57 1.73 3.31
GDP growth 0.61 0.54 0.44 0.83
Real wage growth 0.69 0.54 0.79 1.48
Consumption growth 0.52 0.54 0.53 0.86
Investment growth 1.09 0.72 1.42 3.66
Real exch. rate growth 0.04 0.00 2.30 2.70
Total hours growth 0.05 0.00 0.46 0.93
Exports growth 1.52 0.54 1.36 1.59
Import growth 1.37 0.54 1.48 1.46
Stock market growth 1.96 0.54 9.94 8.76
Interest spread growth -0.32 0.00 17.39 26.55
Unemployment growth -1.16 0.00 3.61 4.19
Foreign GDP growth 0.45 0.54 0.30 0.32
Foreign Inflation 1.84 2.00 0.81 0.82
Foreign nom. Int. rate 3.89 4.57 1.04 1.24
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Variance Decomposition (asymptotic, in percent)

Shocks/Variabes Pi Pic Pii R dy dw dc di dg dH dexp dimp dn dspread dunemp
Unit-root invest. tech.] 09 08 36 04 07 07 02 08 03 08 06 03 0.0 0.0 0.6
Unit-root neutr. tech. | 1.2 13 18 07 67 54 15 06 15 07 38 13 0.1 0.0 3.1
Stat. neutr. tech. 57 29 12 07 22 24 33 11 06 333 05 0.7 0.1 0.0 11
Stat. invest. tech. 09 6.9 138 50.1 181 7.1 234 194 80 86 35 54 824 4.2 21
Consumption pref. 11 13 12 36 78 01 453 01 01 74 01 56 0.0 0.1 0.3
Labor preference 35 19 09 05 12 185 15 11 03 15 02 0.7 01 0.1 10.4
Risk premium 29 49 99 26 13 02 10 01 682 16 37 28 0.1 0.1 0.5
Nom. Interest rate 24 26 27 20 08 73 10 06 36 04 02 0.7 0.5 0.1 4.6
Inflation target 05 06 05 03 00 01 00 00 01 00 00 0.0 0.0 0.0 0.1
Gov. Consumption 02 02 01 06 99 02 01 02 01 7.8 00 01 0.0 0.0 0.2
Domestic markup 71.1 39.2 18.7 2.1 10.3 406 39 18 42 47 09 26 038 0.0 7.5
Export markup 13 15 15 30 93 02 09 02 01 77 811 42 0.0 0.1 11
Cons. import mkup 02 254 02 23 02 17 21 01 44 02 00 09 01 0.0 14
Invest. import mkup 00 00 312 00 00O 00 00O 05 00 02 00 06 0.0 0.0 0.0
Export import mkup 13 06 02 22 207 19 02 07 17 161 22 540 0.0 0.2 2.6
Entrepreneur risk 00 00 00 01 02 00 00 09 00 01 00 05 12 6738 0.0
Entrepre. survival 56 8.9 10.8 28.2 100 7.3 150 716 44 81 14 190 146 27.1 4.5
Bargaining power 08 04 02 01 04 62 05 00 01 04 01 0.0 00 0.0 59.9
Foreign output 04 07 14 06 03 00 03 01 21 02 11 0.7 0.0 0.0 0.1
Foreign inflation 00 00 00 00O 01 00 00 00 00 01 05 0.0 00 0.0 0.0
Foreign nom. Int. 00 01 01 01 00 00 00 00 03 00 01 01 0.0 0.0 0.0
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Prior distribution Prior mean Prior s.d. Posterior mean Posterior s.d. HPD inf HPD sup
rhomuz beta 0.500 0.0750 0.487 0.0549 0.3979 0.5752
rhoepsilon beta 0.850 0.0750 0.962 0.0170 0.9350 0.9898
rhoUpsilon beta 0.850 0.0750 0.982 0.0076 0.9705 0.9952
rhozetac beta 0.850 0.0750 0.733 0.0495 0.6549 0.8135
rhozetah beta 0.850 0.0750 0.872 0.0453 0.7998 0.9399
rhophitilde beta 0.850 0.0750 0.809 0.0497 0.7277 0.8859
xid beta 0.750 0.0750 0.766 0.0304 0.7115 0.8114
zix beta 0.750 0.0750 0.671 0.0375 0.6126 0.7285
xime beta 0.750 0.0750 0.798 0.0313 0.7373 0.8414
ximi beta 0.750 0.0750 0.769 0.0478 0.6977 0.8469
kappad beta 0.500 0.2500 0.786 0.1255 0.6079 0.9881
kappaw beta 0.500 0.2500 0.254 0.1505 0.0047 0.4621
kappamc beta 0.500 0.2500 0.204 0.1108 0.0154 0.3637
kappamsi beta 0.500 0.2500 0.313 0.1984 0.0171 0.6183
kappax beta 0.500 0.2500 0.872 0.0846 0.7513 0.9977
kappamx beta 0.500 0.2500 0.696 0.1608 0.4625 0.9748
varphi gamm 1.000 0.2000 0.955 0.2640 0.5812 1.3776
phitildea gamm 0.010 0.0050 0.009 0.0041 0.0028 0.0154
phitildes beta 0.500 0.2500 0.056 0.0439 0.0007 0.1142
rhoR beta 0.850 0.1000 0.843 0.0192 0.8105 0.8726
rpi norm 1.700 0.1000 1.638 0.1041 1.4708 1.7979
rdeltapi norm 0.300 0.1000 0.150 0.0329 0.0955 0.2006
rq norm 0.000 0.1000 -0.031 0.0139 -0.0526 -0.0069
Y norm 0.125 0.1000 0.110 0.0239 0.0717 0.1464
rdeltay norm 0.050 0.1000 0.093 0.0365 0.0341 0.1562
rhomupsi beta 0.500 0.0750 0.527 0.0802 0.3895 0.6507
Timz beta 0.750 0.0750 0.689 0.0363 0.6312 0.7517
lambdad norm 1.200 0.0750 1.317 0.0605 1.2127 1.4108
lambdamx norm 1.200 0.0750 1.140 0.0367 1.0821 1.1991
lambdamc norm 1.200 0.0750 1.241 0.0686 1.1257 1.3512
lambdamsi norm 1.200 0.0750 1.253 0.0719 1.1427 1.3796
all norm 0.500 0.5000 0.457 0.1892 0.1409 0.7471
a22 norm 0.500 0.5000 0.043 0.1356 -0.1764 0.2830
a33 norm 0.500 0.5000 1.018 0.1376 0.7909 1.2239
al2 norm 0.000 0.5000 -0.015 0.0818 -0.1576 0.1132
al3 norm 0.000 0.5000 0.228 0.2264 -0.1030 0.5782
a2l norm 0.000 0.5000 -0.194 0.2500 -0.6172 0.2193
a23 norm 0.000 0.5000 0.163 0.1662 -0.0791 0.4481
a24 norm 0.000 0.5000 0.193 0.0955 0.0401 0.3532
a3l norm 0.000 0.5000 -0.381 0.1420 -0.6122 -0.1558
a32 norm 0.000 0.5000 0.077 0.0608 -0.0173 0.1866
a34 norm 0.000 0.5000 0.148 0.0384 0.0781 0.2021
c21 norm 0.000 0.5000 -0.057 0.4203 -0.7117 0.6771
c31 norm 0.000 0.5000 -0.141 0.1329 -0.3655 0.0680
c32 norm 0.000 0.5000 -0.009 0.0489 -0.0862 0.0718
c24 norm 0.000 0.5000 -0.222 0.1501 -0.4714 0.0175
c34 norm 0.000 0.5000 0.015 0.0530 -0.0722 0.1002
rhog beta 0.760 0.0250 0.757 0.0234 0.7159 0.7917
gamma beta 0.970 0.0150 0.979 0.0016 0.9759 0.9811
rhosigma beta 0.850 0.0750 0.883 0.0429 0.8091 0.9517
rhogamma beta 0.850 0.0750 0.904 0.0202 0.8729 0.9397
rhoeta beta 0.850 0.0750 0.827 0.0725 0.7090 0.9421
recruitsharePercent beta 0.250 0.1500 0.043 0.0163 0.0180 0.0643
mu beta 0.700 0.1000 0.769 0.0661 0.6633 0.8759
SppScaled norm 0.800 0.2000 0.898 0.1625 0.6211 1.1339
b beta 0.650 0.1000 0.697 0.0488 0.6239 0.7786
etai gamm 1.500 0.7500 0.495 0.2284 0.1389 0.8405
etaf gamm 1.500 0.7500 0.736 0.1694 0.4648 1.0112
etac gamm 1.500 0.7500 0.349 0.1492 0.1128 0.5809
etax gamm 1.500 0.7500 2.204 0.8079 1.1790 3.5158
iota beta 0.500 0.2500 0.611 0.2463 0.2439 0.9913
muzPercent norm 0.460 0.0250 0.437 0.0226 0.3971 0.4717
mupsiPercent norm 0.260 0.0250 0.192 0.0208 0.1608 0.2270
sigmaa gamm 2.000 0.7500 3.334 0.6959 2.2143 4.5436
sigmal gamm 1.000 0.1500 0.962 0.1247 0.7776 1.1881

Table A.1: Results from Metropolis-Hastings (parameters)
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Prior distribution Prior mean Prior s.d. Posterior mean Posterior s.d. HPD inf HPD sup
Mmuzeps invg 0.200 Inf 0.233 0.0335 0.1770 0.2869
epsiloneps invg 0.700 Inf 0.405 0.0416 0.3384 0.4754
epsReps invg 0.150 Inf 0.113 0.0119 0.0923 0.1313
Upsiloneps invg 0.500 Inf 0.909 0.0851 0.7597 1.0311
zetaceps invg 0.200 Inf 0.198 0.0321 0.1439 0.2491
zetaheps invg 1.000 Inf 1.165 0.1614 0.9020 1.4062
phitildecps invg 0.500 Inf 0.451 0.1274 0.2488 0.6413
ystareps invg 0.250 Inf 0.093 0.0190 0.0625 0.1236
pistareps invg 0.250 Inf 0.189 0.0244 0.1491 0.2295
Rstareps invg 0.050 Inf 0.028 0.0075 0.0158 0.0404
mupsieps invg 0.200 Inf 0.180 0.0418 0.1008 0.2346
taudeps invg 0.250 Inf 0.168 0.0466 0.0971 0.2369
tauxreps invg 0.250 Inf 0.330 0.0797 0.2035 0.4569
taumeceps invg 0.250 Inf 0.493 0.1449 0.2554 0.7153
taumieps invg 0.250 Inf 0.264 0.1315 0.1046 0.4761
taumzxeps invg 0.250 Inf 0.478 0.1226 0.2765 0.6639
geps invg 0.660 0.0025 0.796 0.0381 0.7390 0.8612
gammaeps invg 0.500 Inf 0.455 0.0615 0.3474 0.5530
sigmaeps invg 1.000 Inf 2.395 0.2362 2.0298 2.7931
etaeps invg 0.500 Inf 0.368 0.1116 0.2080 0.5447
pitargeteps invg 0.250 Inf 0.211 0.1524 0.0579 0.4349

Table A.2: Results from Metropolis-Hastings (standard deviation of structural shocks)

B. Technical Details for the Financial Frictions Block

Consider the steady state version of equation (3.4):

1-TI'@) % r/(w)ri(i)G’(@) ({r(@) — uG(@)] % - 1) ~0. (B.1)

Note that in the limiting case, ;1 — 0, the only equilibrium is one in which R*¥ = R, and
there is no wedge between these two variables. Interestingly, this model does not converge
to the baseline model in the limiting case. In the baseline model, it is after tax R that is
equated to R*.

The log normal cdf, F, has two parameters, the mean and variance of the normal distri-
bution of logw. We solve for the two parameters and for w by imposing: (i) Fw = 1, (ii)
F (@) (the bankruptcy rate) is equal to some specified calibrated value, and (iii) (B.1) holds.

We now provide some technical observations on the computations surrounding (3.4), (B.1)

and conditions (i)-(iii) above. We first develop straightforward expressions for computing
G(w) = / wdF(w), T(@)=w([l — F(0)] + G(®),
0

and their derivatives for a given value of @. Consider G (@) first. Let = log (w), so that

| ware = [ ; e f (x) d,

where f is the Normal density function. Writing this explicitly:

/0 CdP () = / e f(2)dw

—0o0

—(:c—EJc)2

1 logw
= —/ eexp 2z dux,
OsV2T J—0o
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where 02 is the variance of . Now, Fw = 1 implies Ez = — (1/2) 02, so that

w 1 logw 7(z+%o§)2
wdF(w) = / e’ ex 203 dx
| i) = —= [ e
1 log @ 1203:‘(“”"’%”:%)2

ZreT\rTe0%w)
= exp 203 dx

OxV2T J—0o
1.2

1 logw —(ac—f;x)2
fr— ex 201 d:li'
oV 21T /_oo P

Now, make the change of variable,

12 1 2
T — 50, T+ 50,
v = = — T
O‘CE O‘$
- 1.2
_ 10g (w) + 50%
v = — 0y
O-Z'
1
dv = —dx
O‘$
so that
_ 10g(®)+102
w 1 Uzj - —Oz —uQ
wdF(w) = exp 2 0,dv
0 sV 2T J—oo
10g(5))+lo'2
I e
= — exp 2 dw,
V2T ) oo
or,

G(w) = prob

log (@) + 102
o < 108(®) Qm_%y

Ox

for a standard normal variable, v. The expression on the right of the equality can be evaluated
using the cdf of a standard normal distribution. Similarly, @ [1 — F'(w)] can be evaluated
using the cdf of a log normal distribution, with log mean —c? /2 and log standard deviation,
o.. Both these cdf’s are available as part of standard computer packages.

By Leibniz’s rule, G'(w) = wF'(w), where F’ is the pdf of a log normal. This pdf is

available in standard computer packages. Regarding the derivative of I'; note that

I'(@)

F(w) - oF (0) + G'(@)

1—
1_F( )7

&l

which again is evaluated using the cdf of a log normal. We find the value of o, that ensures
F (@) equals some calibrated value by trying different values of o, and using a lognormal
cdf to evaluate F (@) .
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We also require

B r@-me@=1--"1
where

I'w)=w[l-F@)]+Gw),
so that

To obtain the derivative, F’ (), note

w 1 logw *(1*%‘7%)2
F(w) = / dF (w) = . \/%/ exp % du.
0 T —00

We make a change of variable similar to the one above:

r+ io?
v = —22
O-.Z'
 log(@) + 502
v o= .
1
dv = —dx
O-LU
so that
_ log(@)+%o%
D = [arw == [ 7 ewtd
F(o) = w)=— exp v
(@) i =/
log (@) + 162
Oy
Differentiate with respect to w :
log(@)+l0% 2
F/ ((A)) _ 1 1 ex 7|: a; : ]
Jjam V 27'(' P

= ! Standard Normal pdf (

WO, Oy

log (@) + %Ji)

where the first equality uses Leibniz’s rule.
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