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

Lawrence J. Christianof Mathias Trabandt? Karl Walentin®

January 6, 2010

Abstract

The current financial crisis has made it abundantly clear that business cycle model-
ing no longer can abstract from financial factors. It is also becoming increasingly clear
that the stylized modeling of labor markets without explicit unemployment that is the
current standard approach has its limitations. Some questions which the dominating
extant business cycle models are mute on, but that we would like to answer are: 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 financial factors
on output and inflation, and how do they interact with monetary policy? What drives
the variation in the intensive and extensive margin of labor supply respectively? What
is the estimated Frisch elasticity in a model that allows for both an intensive and an
extensive margin of labor supply? In order to address these questions we extend what is
becoming the standard new Keynesian model in three important dimensions. First, we
incorporate financial frictions in the accumulation and management of capital. Second,
we model the labor market using a search and matching framework. Third, we extend
the model into a small open economy setting. We make a theoretical contribution by
incorporating endogenous job separation in this rich framework. Finally, we estimate
the full model using Bayesian techniques and illustrate the importance of the various
frictions.
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1. Introduction

The current financial crisis has made it abundantly clear that business cycle modeling no
longer can abstract from financial factors. It is also becoming increasingly clear that the styl-
ized modeling of labor markets without explicit unemployment that is the current standard
approach has its limitations, and that there are potential benefits from integrating recent
progress in labor market modeling into richer macro models. Some questions that the domi-
nating extant business cycle models are mute on, but that we would like to answer are: 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 financial factors on output
and inflation, and how do they interact with monetary policy? Furthermore, what drives
the variation in the intensive and extensive margin of labor supply respectively? What is
the estimated Frisch elasticity in a model that allows for both an intensive and an extensive
margin of labor supply? What are the spillover effects of financial market disturbances to
unemployment in a small open economy? In order to address these questions we extend
what is becoming the standard new Keynesian model, see e.g. Christiano, Eichenbaum and

Evans (2005) in three important dimensions.

First, we incorporate financial frictions in the accumulation and management of capital
similar to Bernanke, Gertler and Gilchrist (1999) and Christiano, Motto and Rostagno (2003,
2008). The financial frictions we introduce reflect 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 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 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 entrepreneurs 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
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receive a wealth transfer. Because this transfer is taken from entrepreneurs, their net worth
is reduced. With the tightening in their balance sheets, their ability to invest is reduced,

and this produces an economic slowdown.

Second, we include the labor market search and matching framework of Mortensen and
Pissarides (1994), Hall (2005a,b,c), Shimer (2005a,b), Gertler and Trigari (2009, henceforth
GT), Gertler, Sala and Trigari (2008, henceforth GST) and Christiano, Ilut, Motto, and
Rostagno (2007) into the small open economy model. We integrate this into our specific
framework - which includes capital and monetary factors - following the labor market version
of Gertler, Sala and Trigari (2008). A key feature of the GST model is that there are wage-
setting frictions, but they do not have a direct impact on on-going worker employer relations.
However, wage-setting frictions have an impact on the effort of an employer in recruiting new
employees. In this sense, the setup is not vulnerable to the Barro (1977) critique of sticky
wages. The model is also attractive because of the richness of its labor market implications:
the model differentiates between hours worked and the quantity of people employed, it has
unemployment and vacancies.

The labor market in our model is a modified version of the GST model. GST assume
wage-setting frictions of the Calvo type, while we instead work with Taylor-type frictions.
GST shut down the intensive margin of labor supply, while we allow for variation in this
margin.

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

In the standard new Keynesian 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 (see
Erceg, Henderson and Levin (2000)). Our search-based 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 un-

employment. Also, a number of new workers arrive from unemployment in proportion to

ITrigari (2009) also estimates a model with endogenous separation, but in a simpler macroeconomic
setting.



the number of vacancies posted by the agency in the previous period. After separation and
new arrivals occur, the nominal wage rate is set. Then idiosyncratic shocks to workers’ pro-
ductivities are realized and endogenous separation decisions are made. A nice feature of this
approach is the high degree of symmetry with the modeling of entrepreneurial idiosyncratic
risk and bankruptcy.

The nominal wage paid to an individual worker is determined by Nash bargaining, which
occurs once every N periods. Each employment agency is permanently allocated to one
of N different cohorts. Cohorts are differentiated according to the period in which they
renegotiate their wage. Since there is an equal number of agencies in each cohort, 1/N of
the agencies bargain in each period. The wage in agencies that do not bargain in the current
period is updated from the previous period according to the same indexing rule used in the
standard new Keynesian model. The intensity of labor effort is determined by equating the

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

Third, we extend the model into a small open economy setting by incorporating the
small open economy structure of Adolfson, Laséen, Lindé and Villani (2005, 2007, 2008)
(henceforth ALLV). We model the foreign economy as a VAR in foreign inflation, interest
rate, output and two worldwide unit-root technology shocks, neutral and investment-specific.
We follow the open economy part of ALLV closely and allow for both an exogenous shock and
an endogenous risk-adjustment term that induce deviations from uncovered interest parity
(UIP). The international interaction consists of trade of goods as well as in riskless bonds.
The three final goods, consumption, investment and exports, are produced by combining
the domestic homogenous good with specific imported inputs for each type of final good.
We allow for Calvo price rigidity both of imports and exports and in that way allow for
limited pass-through. Finally, it is worth noting that banking, and therefore financing of

entrepreneurs, is a purely domestic activity.

We estimate the full model using Bayesian techniques on Swedish data 1995q1-2009q2,
i.e. including the recent financial crisis. By doing so we can give quantitative answers to a
number of questions posed above. We start by noting that simple data analysis using the
method of Hansen (1985) indicates that roughly 4/5th of the variation in total hours worked
comes from variation in employment and 1/5th from variation in hours per worker. In other
words a model that allows for variation in both margins is needed. The first empirical
result worth highlighting is that the financial shock to entrepreneurial wealth is important
in explaining the dynamics of several variables. The second empirical result comes from the
fact that our model allows for both an intensive and an extensive margin of labor supply.

We can therefore provide a meaningful estimate of the elasticity of labor supply and find
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it to be close to micro-evidence, i.e. a Frisch elasticity of 1/9. The third result is that in
contrast to the existing literature of estimated DSGE models, e.g. Smets and Wouters (2003),
ALLV and GST, our model does not contain any “wage-markup shocks” or similar shocks
(labor preferences, wage bargaining) with low autocorrelation, and we still match both hours
worked, unemployment and wage data series. Finally, an interesting question to be analyzed
further is the relative importance of the investment-specific shock vs. the entrepreneurial
wealth shock, as the results in the present paper contrast starkly with Justiniano, Primiceri
and Tambalotti (2008).

The paper is organized as follows. In section 2 we describe the baseline small open econ-
omy model which basically is a small open economy version of Christiano, Eichenbaum and
Evans (2005). Section 3 introduces financial frictions while section 4 incorporates employ-
ment frictions into the model. Section 5 contains the estimation of the full model which
include both financial and labor market frictions. Finally, section 6 concludes. The bulk of

the derivations are in the Appendix.

2. The Baseline Small Open Economy Model

This section describes our baseline model. The model is based on Christiano, Eichenbaum
and Evans (2005) and ALLV from which it inherits most of its open economy structure.
The structure of goods production is worth outlining at this point. The three final goods,
consumption, investment and exports, are produced by combining the domestic homogenous
good with specific imported inputs for each type of final good. See Figure A in the Appendix
for a graphical illustration. Below we will go through the production of all these goods, and

describe imports.

2.1. Production of the Domestic Homogeneous Good

A homogeneous domestic good, Y;, is produced using

1 = Ad,t
Y, = {/ Yi’td’lt dl} , 1< )\d7t < 0. (2.1)
0

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

The " intermediate good producer has the following production function:
Yi,t = (ZtHi,t)lia EtKioft - Zt+¢a (2-2)

where K;; denotes the capital services rented by the i intermediate good producer. Also,

log (2;) is a technology shock whose first difference has a positive mean, log (¢;) is a stationary
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neutral technology shock and ¢ denotes a fixed production cost. The economy has two sources
of growth: the positive drift in log (2;) and a positive drift in log (¥;) , where ¥, is the state of
an investment-specific technology shock discussed below. The object, z;", in (2.2) is defined
as:?

«
+ _ l—a
2 =V, " 2.

In (2.2), H;; denotes homogeneous labor services hired by the " intermediate good
producer. Firms must borrow a fraction of the wage bill, so that one unit of labor costs is
denoted by

WtR1{7
with
Rl =vIR +1—-1], (2.3)
where W, is the aggregate wage rate, R; is the interest rate on working capital loans, and 1/{

corresponds to the fraction that must be financed in advance.

The firm’s marginal cost, divided by the price of the homogeneous good is denoted by

1 11—« 1 [} o/ —
me, = 7¢ (1 — a) (a) (rf) (th{) o (2.4)

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

mcy .

affects marginal cost, but does not appear in a production function. In the linearization of
a version of the model in which there are no price and wage distortions in the steady state,
7¢ is isomorphic to a disturbance in A4, i.e., a markup shock.

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

satisfied:

a1 Wit
"B, MP,

@ - nf
R L - (2.5)

(1= (525 / Hue)

where w; = W; /(2 P)).
The i** 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 =mq1Pi 1, Tar = (1) (ﬁf)liﬁdiﬂd (7))

9

2 All the details regarding the scaling of variables are collected in section B.1 in the Appendix. In general
lower-case letters denote scaled variables throughout.



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 = 74 = 1) or that they index only to the steady state inflation rate (i.e., 7 = 7, 24 = 1).
Note that we get price dispersion in steady state if »; > 0 and if 7 is different from the
steady state value of m. See Yun (1996) for a discussion of steady state price dispersion.
With probability 1 — &, the firm can change its price. The problem of the i domes-
tic intermediate good producer which has the opportunity to change price is to maximize

discounted profits:

Ey Z Boii{ PrpejYiers — mersiPreYigas}, (2.6)
=0

subject to the requirement that production equal demand. In the above expression, v, is
the multiplier on the household’s nominal budget constraint. It measures the marginal value
to the household of one unit of profits, in terms of currency. In states of nature when the
firm can reoptimize price, it does so to maximize its discounted profits, subject to the price

setting frictions and to the requirement that it satisfy demand given by:

Ad
P\ N

The equilibrium conditions associated with price setting problem and their derivation are

reported in section B.3.1 in the Appendix.

The domestic intermediate output good is allocated among alternative uses as follows:
1
Y, =G+ CH+ I + / X7 (2.8)
0

Here, C¢ denotes intermediate goods used (together with foreign consumption goods) to pro-
duce final household consumption goods. Also, I is the amount 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;. See section B.2 in the Appendix for the functional form

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

Finally, the integral in (2.8) denotes domestic resources allocated to exports. The determi-

nation of consumption, investment and export demand is discussed below.



2.2. 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:

Nc
1 (ne=1) 1 (ne—=1) | me—1

Co= |(1—wo)e (Cf) 7 4wl ey | (2.9)

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

pc ne
' = wc< ,,fc> ct. (2.10)
P

where pf = Pf/P, and p;"° = P/ P,. The price of C; is related to the price of the inputs
by:

1
g = [ = we) e ()] T (2.11)
The rate of inflation of the consumption good is:
1-n. ] Tone
c PtC o (1 - wc) + wc (p;n,c) e " 2 12
71—t_PC =T m,c\ 17 ’ ( )
t—1 (1 - wc) + We (pt—jl) ‘

Investment goods are produced by a representative competitive firm using the following

technology:

Ul

1 ni=1
i

_ 1 L mi—1 | n;—1
I+ alu) K =0, {(1—%-)" I Wl (1) ] .

where 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. Capital maintenance
are expenses that arise from the utilization of capital. We discuss maintenance in section
2.4 below.

To accommodate the observation that the price of investment goods relative to the price
of consumption goods is declining over time, we assume that ¥, is a unit root process with
positive drift. The details of the law of motion of this process is discussed below. As in the

consumption good sector the representative investment goods producers takes all relevant
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prices as given. Profit maximization leads to the following demand for the intermediate

inputs in scaled form:

i = ()" <it+a(ut) L) (1 —w;) (2.13)

oy M2+ ¢

i i ];/,
Py N¢,tﬂz+,t

where pi = U, P/ /P, and p]"" = P/"™" /P,
The price of I; is related to the price of the inputs by:

P = [(1 —w;) + w; (p::n’i)lim} T (2.15)

The rate of inflation of the investment good is:

. . #
P [@—wi)w ) ]

= A
t Pot | (1 —w;) + w; (ptfl)l "

(2.16)

2.3. Exports and Imports

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

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

We emphasize two features of this setup. First, before being passed on to final domestic
users, imported goods must 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
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the model. The pricing frictions in the homogeneous domestic good sector are standard, and
perhaps do not require additional elaboration. Instead we 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
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.

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 an
expansionary domestic monetary shock. The reason is that in the absence of price frictions on
imports, the marginal cost of exports would jump in the face of an expansionary monetary
policy shock, as pass through from the exchange rate to the domestic currency price of
imports of goods destined for export increases. From the perspective of achieving a hump-
shaped response of output to an expansionary monetary policy shock, we suspect that it
would be better to treat the import of goods destined for the export sector asymmetrically
by supposing there are low or 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 nominal (and real) exchange rate to an 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 to

a monetary policy shock.
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2.3.1. Exports

There is a total demand by foreigners for domestic exports, which takes on the following

2 Ny
X, =L Y*.

ze=(p)) " i (2.17)

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

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

T 1
X, — [ / Xif;”di] | (2.18)
0

where 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

P.’l‘ >‘$t_1
X,.=(-2)"" X, 2.19
(B =

Combining (2.18) and (2.19), we obtain:

1 1
P = {/ (Rﬁ)ﬁ di]
0

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

1-Az ¢

)

Nx
1 Ny —1 1 nz—1 | ny—1
)

Xy = {wgr (X)) 7 4+ (1 —wy)w (XE)

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

problem:

)

n
1 Ng—1 1 71x_1:| Ng—1

C =minty [P""R{ X[} + PRYX ]+ {Xi,t — [w (X73) e 4+ (1 —wy)w (XF,) ™ } ,

where P,""" is the price of the homogeneous import good and P; is the price of the homo-
geneous domestic good. Using the first order conditions of this problem and the production

function we derive the real marginal cost in terms of stationary variables, mc} :

13



A ¢ RY 1 !
t+l m,x\1—n Mg
I s (1w, : 2.20
SE T api (") ( ) (2.20)

T
mc; =

where
R =viRy+1—v}. (2.21)

and where we have used
S P S Pr PP P
P, Pf P Py

From the solution to the same problem we also get the demand for domestic inputs for

= qip}. (2:22)

export production:
A N
X=—%=] X (1-w, 2.23
= () el (2.23)

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

1
/ X.di,
L

and this needs to be expressed in terms of aggregates. Plugging eq. (2.23) into this integral

we derive (see section B.3.3 in the Appendix):

Uk —Ag.t

1
Xf = / Xiydi = [wa (7)™ + (1 =) 7% (L= wa) G =T (1) Yy (2:24)
0

where py is a measure of the price dispersion and is defined in the same Appendix. Note how
the impact of price dispersion operates — to produce a given total of the homogenous export

good, X, one needs more of the homogeneous input good, X¢, to the extent that there is
*Ax,t
price dispersion. In that case py < 1 and (pf)*=+~! > 1, and more dispersion is reflected in

a lower py.
We also require an expression for imported inputs for export production in terms of

aggregates. Using a similar derivation it can be shown to be, in scaled terms:

1 Nz
1—ng

we (PP)T 4 (1 - w,) Nt
(py) =1 (pf) "y (2.25)

mo__
Ty = Wy m,T
Py

The i", i € (0,1), export good firm takes (2.19) as its demand curve. This producer sets
prices subject to a Calvo sticky-price mechanism. With probability £, the it export good

firm cannot reoptimize its price, in which case it update its price as follows:

x ~T DT ~T T Rz o\1—Kgp—2y (v \Hz
Pi,t =T Pm—la Ty = (Wt—l) (7r ) (W) ) (2-26)

where g, 3¢, Ky + 72, € (0,1).
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The equilibrium conditions associated with price setting by exporters that do get to
reoptimize their prices are analogous to the ones derived for domestic intermediate good

producers and are reported in section B.3.2 in the Appendix.?

2.3.2. 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,
and (iii) one produces goods used to produce an intermediate good for the production of
exports.

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

tion goods is:
)\m,C

1 1
C?:[/‘«ng@dd :
0

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

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

m,C

A
mMCN YO 7
Cm - Cm Pt AT b
it T t Pm,c .
it

We now turn to the producer of C7;, who takes the previous equation as a demand
curve. This producer buys the homogeneous foreign good and converts it one-for-one into

the domestic differentiated good, C7}. The intermediate good producer’s marginal cost is

TS, PERYY, (2.27)

3When we linearize around steady state and s, ; = 0, equations (B.16)-(B.19) reduce to:

Ka

AT — E AT AT
Ty 1+ raB M1 T 1+ Hxﬁﬂ—t71

+ mcy ,

1+ k. Ex '

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

15



where

RV =v'R+1— (2.28)

and R; is the foreign nominal, intratemporal rate of interest. 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.*

As in the homogenous domestic good sector, 7, is a tax-like shock, which affects mar-
ginal 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 markup shock.

It is of interest to have a measure of the total imports of the intermediate good producers:
1
SiPR{™ / Cilid.
0

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

Am,C

Pmc mC
S.Py RV / " ( Pmc)A T
2.t

,C 1 m,C
= SPIRCM (PR [ (Pre)iee
- tt¢ 1,t

0

/\m,C
ﬁm,c 1—Am,C
= SPRyOM | =
- tie 44 t m,c )

where
1_\m,C

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

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

)\m,C
S, Pr RV Cm (B -3 (2.29)
where o
oMm,C Ptm,c
pt - Ptm,ca

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

1 1 At
"= { / (Ir) di] .
0

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

ment goods, [[", is:

input prices, Pfrt”, 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 (2.27). 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 (2.27) 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:

A om,i imﬂ'
St-Pt*Rty’*-[Zn (ﬁ;nﬂ) 1AMt . Dy A P;’th,i’ (230)
t

Now consider (iii). The production function of the domestic retailer of imported goods

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

1 1 A
woe [ [l
0

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

P[}", as given. The producer of the specialized input, X7}, has marginal cost, (2.27). The

total value of imports associated with the production of X;" is:

m,xr
m,x

Sy Pr R XM (Pt T it — Pi;;’x (2.31)
t

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

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

m.j» the 4t type of firm can reoptimize its price and with

m,j __ ~m,j pm,j ~m,j m,j\ Ffmid —c\1—Km,j—%m,j wstm,j
Pi,t =Ty Pi,tflv Ty T = (7Tt—1) () T (2.32)
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for j =c,i,x.
The equilibrium conditions associated with price setting by importers are analogous to
the ones derived for domestic intermediate good producers and are reported in section B.3.4

in the Appendix. Real after tax marginal cost is

* * Dc
mg Ot v mg SR,

me™ = 1 =T —R 2.33
t t P t t PePIIp, t ( )
m,j qtPy U,k
= Tt
t
for j = ¢, i, x.
2.4. Households
Household preferences are given by:
S8 (0 b — chag P (234
P 1+o0y

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.

2.4.1. Technology for Capital Accumulation

The law of motion of the physical stock of capital takes into account investment adjustment

costs as introduced by Christiano, Eichenbaum and Evans (2005):

_ _ ~ (T
K= (1-0) K, + 7T, (1 - S ([—t)) I,

t—1

In scaled terms the law of motion of capital can be written®

- 1—90 - ~ '
kt+1 = —kt + Tt (1 - S (M>) it. (235)

Moo+ 1 g ¢ -1
2.4.2. Household Consumption and Investment Decisions

The first order condition for consumption is:

Ct - . /BbEt (t+1
Ct — th,1

/’Lz‘l’,t

— Yy (L 7) = 0. (2.36)

Corafhz+ p1 — bCy

’See subsection B.2 in the Appendix for the functional form of the investment adjustment costs, S,
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where

— +
?/Jﬁ,t = v P2y

is the marginal value of one unit of the consumption good at time ¢.
To define the intertemporal Euler equation associated with the household’s capital accu-
mulation decision, we need to define the rate of return on a period ¢ investment in a unit of

physical capital, Rfﬂ :

. (1= 7F) |wa Ty — gj—jﬁa(utﬂ) P+ (1= 08)Py1 Py + TFOP Py
Rt+1 = ’ (237)
PPy,

where

pi i
S2p_p
v, t

is the date t price of the homogeneous investment good and 7% = W,rF is the scaled real
rental rate of capital. Here, P ; denotes the price of a unit of newly installed physical
capital, which operates in period ¢ + 1. This price is expressed in units of the homogeneous
good, so that P, Py, is the domestic currency price of physical capital. The numerator in
the expression for R¥ '\, represents the period ¢ 4 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
(2.37) 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 R¥ in scaled

terms:

kMU t41
t d Pir ¢t

T (1= 78 [ueraFyy — Phya(uen)] + (1= 0)pr s + 7 — (2.38)

My 41 Pr/

ko
Rt+1 -

where pp ¢y = U, Py ,. Capital is a good hedge against inflation, except for the way depre-
ciation is treated. A rise in inflation effectively raises the tax rate on capital because of
the practice of valuing depreciation at historical cost. The first order condition for capital
implies:

RY,

Tp1 M+ t41

¢z+,t = ﬁEth+,t+1 (2-39)

By differentiating the Lagrangian representation of the household’s problem with respect

to I; one can derive the investment first order condition in scaled terms:

. ~ . ) ~ . 1 . 1
~U e Ph + s purt T [1 -3 (—“ el t> ~ 5 (“ e t) Hat abhus t} (2.40)
' ’ (] L1 (]
cr [ Pzt 1o 41841 Lyl
+sz+,t+1pk/vt+1ﬂrt+lsl< Ut ) ( Ut ) gzt = 0
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The first order condition associated with capital utilization is, in scaled terms:
= pya’ (ur) - (2.41)

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

costs.

2.4.3. Financial Assets

The household does the economy’s saving. Period ¢t 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:

1/’z+,t+1 Ry — Tfs) (R — m41)

Moot t11 T+1

Y.+, + BE; =0, (2.42)
where ¥ is the tax rate on the real interest rate on bond income (for additional discussion
of 7°, see section 2.5.) 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 ;:
'UtSt = /BEtUtJrlI:StJrlRt q)t — T StJrlRt ®t — FPtJrl ] (243)
t

Recall that S; is the domestic currency price of a unit of foreign currency. On the left
side of this expression, we have the cost of acquiring a unit of foreign assets. The currency
cost is S; and this is converted into utility terms by multiplying by the multiplier on the
household’s budget constraint, v;. The term in square brackets is the after tax payoff of the
foreign asset, in domestic currency units. The first term is the period ¢ + 1 pre-tax interest
payoff on Ay ;, which is Sy 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
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the asset in period t. In particular, recall that S; is the period ¢ domestic currency cost of a
unit (in terms of foreign currency) of foreign assets. So, the period ¢ 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, eq. (2.43), by multiplying both sides by P,z /S :

wz £ *
Vo= PE S (s Ry Dy — 70 (501 Ry @y — o)) (2.44)
T+ 1Mo+ 141
where
S = St
CS
The risk adjustment term has the following form:
o =P (@t, Eisii18t, Ebt) = exp <_(%a (a; —a) — &55 (Et5t+15t - 52) + 9~bt> ) (2.45)
where, recall,
0 — SiAt1
t P,*,Z:_ )

and g~bt is a mean zero shock whose law of motion is discussed below. In addition, g?ﬁa, (}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:
R, — R; = Eylog Siy1 — log Sy + ¢,

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 logS; up, until the anticipated appreciation

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

One interpretation of these results is that when the domestic interest rate is reduced,
say by a monetary policy shock, then risk in the domestic economy falls and that alone
makes traders happier to hold domestic financial assets in spite of their lower nominal return
and the losses they expect to make in the foreign exchange market. Our functional form
for ¢, is designed to capture this idea. According to this functional form, when a shock
occurs which causes an anticipated appreciation in the level of the exchange rate, then the
assessment of risk in the domestic economy, ®;, falls. Later, when we introduce financial
frictions, we will have access to additional mechanism for achieving this outcome. A concern
we have with the current model is its unfortunate implication that any shock that creates an
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 Siy1—log Sy, Ry — R{ ) in theory  in data
7= = 1 but<0
var (Rt — R{ >

cov (log Sir1 —log Sy, Ry — RZ)

var (Rt — R,{ )

cov (Rt — R —log®,, R; — R,{)

var <Rt — R{)

o (Rt—R{,&;S (Rt—R{— (R—Rf)>>

var (Rt—R{)
= 1-94,
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according to our linearized expression above. Then,

cov (Rt — R{, ¢t)
var (Rt — R{) '

y=1-

and
_ cov(log Syy1 —log Sy, Ry — RY)  cov (Ry — Rf — ¢, Ry — Iy)
7= var (Ry — RY) B var (R — RY) ’

according to our linearized expression above. Then,

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 (2.45):

@ =@ (B = Ri,d,) = exp (b (0 = @) = 6, (B — Ry = (R = R) +4,),  (246)

where a variable without time subscript denotes the corresponding value in nonstochastic
steady state. We use this specification in our benchmark model.

We now turn to the connection between ®; and the hump-shape response of output
to an expansionary monetary policy shock. As explained in section 2.3, 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.

2.4.4. Wage Setting

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

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

Aw

1
m:[/(%gﬁﬁ},1gAw<m,
0

where h; denotes the j* household supply of labor services. Households are subject to Calvo

wage setting frictions as in Erceg, Henderson and Levin (2000) (EHL). With probability
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1 — &, the j household is able to reoptimize its wage and with probability £, it sets its

wage according to:
Wipr = TwaWiy (2.47)
~ c\Rw [(=c (linwi}{w) v\ Hw Yo
Twi+l — (7Tt) (Wt-s-l) (77) (Mz+) ) (2-48)

where Ky, 20, Uy, Ky + 52 € (0,1). The wage updating factor, 7,41, is sufficiently flexible
that we can adopt a variety of interesting schemes.

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

when it cannot reoptimize:

E] i (6[5 )Z <h A (hjut+i)1+JL + %% h 1- T?—‘ri (2 49)
t e w t+i41L 1+ oL t+i VV jt+il by e+ 1+ T%U_H

where 77 is a tax on labor income and 7" is a payroll tax. Also, recall that v, is the multiplier
on the household’s period t budget constraint. The demand for the j** household’s labor

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

A
W,7 i T N
hjiyi = ( e V;/ ek H,\;. (2.50)
t+i
Here, it is understood that 7 +y; -+ - Tyws41 = 1 when 7 = 0. The equilibrium conditions

associated with this problem, i.e. wage setting of households that do get to reoptimize, are

derived and reported in section B.3.5 in the Appendix.

2.5. 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.® Starting in 1995q1 the formal inflation target regime of Sveriges Riksbank was
in place. From 1995 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

following criterion:

00 2
. 2
B> F{(100 [mfmy ym oy — (75)"]) +Ay<m0bg<%>) + Aar (400 [R, — R,_4))?

Jj=0

A (S — 8)%)

6There was some adjustment to the exchange because the basket of currencies was changed.
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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:

log (%) — pplog (RR ) + (1= pp) [log (”) 1y log (”-i) (2.51)

d ¢ d
+r, log (g pt) + rylog < >] + ra-Alog (W > + rayAlog <g pt) + eRy.
gdp q gdp

Here too, the parameters would be taken as unknowns to be estimated. gdp denotes measured

GDP in the data, which might be different from y in the model. In addition, 7§ is an
exogenous process that characterizes the central bank’s consumer price index inflation target
and its steady state value corresponds to the steady state of actual inflation. Regarding the
timing of the Taylor rule it is important to note that a rule reacting to lagged inflation (as
in e.g. ALLV) implies counterfactual dynamics if one allows for nominal debt-contracts for
firms as we do in the financial frictions extension of the model (see section 3). That kind
of rule leads to an initial decrease in investment following a positive stationary technology
shock, for most reasonable parameters. The reason is that the real value of debt increase
too strongly as inflation falls and the central bank initially does not respond to the fall in
the inflation level. The entrepreneurial wealth therefore decrease so much that investment
initially falls.

Among these alternatives we choose the Taylor rule approach, eq. (2.51) and we estimate
the model on data from 1995q1. This starting period is chosen to coincide with start of the
formal inflation target regime. The data discussed below refers to this period.

We model government consumption expenditures as
— oot
Gt = Otz

where ¢; 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 + f.
where g = n,Y. We set n, = 0.297, the sample average of government consumption as a

fraction of GDP.

The tax rates in our model are:

k b Yy c w
Tt? Tt? Tta Tta Tt'
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We briefly discuss the treatment of these tax rates. In the versions of our model without
financial frictions, capital is accumulated and capital income accrues directly to the house-
hold. However, an observationally equivalent representation of the model has these activities
occurring in the firm. This latter interpretation is the convenient one, when thinking about
the data and, in particular, the measurement of 7%. We set the tax rate on capital income,
7%, to 0.25. We arrived at this number as follows. The statutory rate on household capital
income is 30 percent and the statutory rate on corporate income is 28 percent. Combining
these two numbers we conclude that the statutory rate on corporate and household income
is 50 percent. Indirect evidence from Devereux, Griffith and Klemm (2002) suggests to us
that the effective tax on capital income may be one half this amount, and this is why we
set 7% = 0.25 in the model. We reach this conclusion because of the 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 the part that overlaps with our sample, i.e. 1995-2005.

Now we turn to the tax rate on bonds, 7°. We set 7° = 0 to be able to match the pre-tax
real rate on bonds of 2.25% in the data. Setting 7° = 0 is required to get the interest rate
on bonds to be this low, given the high GDP growth rate, log utility of consumption and
not too close to 1.

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.

2.6. 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:

logY = logy; +logz;
a

= logy; + log z; + 1 log 1,,

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

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

log “u— 0 0 0 p,. O log ”f

10g ot 0 0 0 0 p#w log Hyt—1

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

0 O 0 0 o

Hapy eﬂwi

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

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

We now briefly discuss the intuition underlying the zero restrictions in A and C'. First,
we assume that the shock, ¢+ ;, affects the first three variables in X}, while e,-; only affects
the second two and g+, only affects the third. The assumption about eg-; corresponds to
one strategy for identifying a monetary policy shock, in which it is assumed that inflation
and output are predetermined relative to the monetary policy shock. Under this interpreta-
tion of eg-,, our treatment of the foreign monetary policy shock and the domestic one are
inconsistent because in our model 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 z;", while
all other shocks to Y;* are orthogonal to z;” 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 (“ﬂ—:) are univariate first order autoregressive processes driven by ¢,
and €,_;, respectively. This is a standard assumption made on technology shocks in DSGE

models.

2.7. Resource Constraints

The fact that we potentially have steady state price dispersion both in prices and wages

complicates the expression for the domestic homogeneous good, Y; in terms of aggregate
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factors of production. The relationship is derived in section B.3.6 in the Appendix and can

5 \g 1 1 « o—lj@f l1-a
Yr = (D)1 e | ————k | |0 TRy — ol . (2.52)
Mg ¢ oo+

2.7.1. Resource constraint for domestic homogeneous output

be expressed as:

Above we defined real, scaled GDP in terms of aggregate factors of production. It is con-
venient to also have an expression that exhibits the uses of domestic homogeneous output.
Using (2.24),

Nx -zt

sy = Gy G I Jwa ()7 4 (1= )] 77 (1= wa) G59) = () Y7

or, after scaling by 2,/ and using (2.10):

Y = Gt + (1 — wc) (pf)nc ct + (p;)m (Zt +a (Ut) —t> (1 — wi) (253)
Hop o+

Nx =zt

m,T — I*z o 7,1 T\ — *
s ) (=) T (0= ) T ()

When we match GDP to the data we use subtract capital utilization costs from ;. See

section 5.6 for details.

. k;
gdp, =y, — (p})" (a u —) 1 — w;
' ' ( t) ( t) Hop o+ ¢ ( )

2.7.2. Trade Balance

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

from previously purchased net foreign assets:

SyAiy1 + expenses on imports, = receipts from exports, + R;_, P15 A,

where @, is as defined in (2.46) in our benchmark model. Expenses on imports correspond to

the purchases of specialized importers for the consumption, investment and export sectors:
Uk m,c ame m,% s Mz e
expenses on imports, = S, Py R, | C™ (py"¢) =™ + I[" (Pt , )1—Amﬂ + X (pyryTmE )

using (2.29), (2.30) and (2.31). 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
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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 S; PR, CI".
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/".

We conclude that the current account can be written as follows:

V% m [ om,C e m [ em,t % m (om,T A
SiAfiq + SePf Ry (Ct (py )= + I (pt ’ )1_A t X (B )lw’m>
= StPtht —|— R:ﬁl@t,lstA:,

where @, is defined in section 2.4.3. Writing the current account in scaled form and dividing

by Pz, we obtain using (2.22)

v, * m [ om,C e .m [ oM, LmLz m (oMm,T L;:z
a; + @pi Ry (Ct (D)1= 4 (pt 7)17A t ) (py )T ) (2.54)
Qg1

Cc, T *
= qpip; e + Ry P15 y
71't/-Lz*,t

where a; = Si A}, /(Pz)).

2.7.3. Restrictions across inflation rates

We now consider the restrictions across inflation rates implied by our relative price formulas.
In terms of the expressions in (B.2) there are the restrictions implied by pi™ /p/™, j =
x,¢,1, and pf. The restrictions implied by the other two relative prices in (B.2), p! and pt,
have already been exploited in (2.16) and (2.35), respectively. Finally, we also exploit the

restriction across inflation rates implied by ¢;/¢;—1 and (B.3). Thus,

BT (2.55)
P11 ¢
pm,c 7_(_m,c
=L (2.56)
Pi—1 Tt
pm,i 7Tm,i

= (2.57)
D1 Tt

oo (2.58)
P s
4 _ s (2.59)
di—1 e

This completes the description of the baseline model.
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2.8. Endogenous Variables of the Baseline Model

In the above sections we derived following 71 equations,

2.3,2.4,2.5, B.11, B.12, B.13, B.14, B.15, B.4,2.10,2.11, 2.12, 2.15, 2.16, 2.14,
2.17,2.21,2.20,2.26, B.16, B.17, B.18, B.19, 2.25,2.28, B.22, B.23, B.24, B.25,2.32,
2.33, B.5, B.6,2.35,2.36,2.38,2.39, 2.40, 2.41, 2.42, 2.44, B.30, B.31, B.32, B.28,
2.48, B.26, B.27,2.51, B.35,2.52,2.54,2.53, 2.55, 2.56, 2.57, 2.58, 2.59, 2.46

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

m,i _m,x

i m,T T _c i _mc
, MCy s Tty Ty Ty Ty, Ty 5 T, Ty )

k- U,k f T T m,c m
T, W, Ry Ry Ry Ry, mey, mey ,me, ™, me,

c x 4 _MmT _m,C _m 7 .

Pty PPy Py sPe 5Py 7pk’,t7kt+17kt+laut7ht7Hthtaztactal't;at?Stﬂwer,t?yt

d d ~ o ~r o ~m,j om,j., . . ~w k
Kt7Ft 77Td7t7pt7Kac7t7Fm,taﬂ—t)pta{Km,j,mFm,j,taﬂ-t y Py 75 = C7Zax}7Kw,t7Fw,ta7Tt 7Rt

o o m m ..m
q)tastastaa(ut) 7wtact 7Zt 7mt s Ty -

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
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)
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model implemented in Christiano, Motto and Rostagno (2003). The discussion here borrows
heavily from the derivation in Christiano, Motto and Rostagno (2008) (henceforth CMR).

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

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

The ultimate source of funds for lending to entrepreneurs is the household. The standard
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.

31



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 (index), and we follow this route. 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.

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.
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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 an 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, N,,;. The entrepreneur’s
net worth, N,.q, 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-
neur combines this net worth with a bank loan, B;,1, to purchase new, installed physical

capital, K;,, from capital producers. The loan the entrepreneur requires for this is:
B = Ptpk’,th—‘,—l — Nij1. (3.1)

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, 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(w;o). and its partial derivatives as e.g. F,(w;0), F,(w;0)
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After observing the period ¢ + 1 shocks, the entrepreneur sets the utilization rate, w1,
of capital and rents capital out in competitive markets at nominal rental rate, Ptﬂrfﬂ. In
choosing the capital utilization rate, the entrepreneur takes into account that operating one
unit of physical capital at rate u;1 requires a(u;1) of domestically produced investment
goods for maintenance expenditures, where a is defined in (B.4). 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 R}, is defined in (2.37) and is displayed below for convenience:

(1—7f) [Utﬂffﬂ - \Ztt—ia(utﬂ) P14 (1= 06)Piyr Py g1 + 710P Py
PPy,

ko _
Rt—H -

Because the mean of w across entrepreneurs is unity, the average return across all entrepre-
neurs 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 ¢t and who experiences an idiosyncratic productivity shock w are BPk/,tRwaI_(tH.
There is a cutoff value of w, @1, such that the entrepreneur has just enough resources to
pay interest:

@t+1Rf+1Pth',th+1 = Zyy1 By (3.2)

Entrepreneurs with w < @w;; are bankrupt and turn over all their resources,
) _
Rt+1wptpk',th+b

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

where > 0 is a parameter.

Banks obtain the funds loaned in period t 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 (2.42).

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
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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; 1By, 1, from the 1 — F (w;41; 0;) 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 X _
1 — F(@0441504)] Zis1 By + (1 — p) / wdF (w;04) R 1 PPy 1 K1 = Ry Byy,
0

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

k
Ry

[F(@Hl; 01) — PG (@41 Ut)] Rtth =0 —1 (3.3)

where

Wt41
G(wy41;00) = / wdF(w; 0y).
0

D(©0p1500) = Opy1 [1 — F(©Opy1500)] + G(@4415 0¢)
 BPy K
S
41

The expression, ['(wy1;0¢) — pG(@ir1; 0¢) is the share of revenues earned by entrepreneurs
that borrow By, which goes to banks. Note that I';(wiy1;0¢) = 1 — F(@wyyq;04) > 0 and
Go(Wiy1;0¢) = w1 Fo(i1;04) > 0. It is thus not surprising that the share of entrepre-
neurial revenues accruing to banks is non-monotone with respect to w; ;. BGG argue that
the expression on the left of (3.3) has an inverted ‘U’ shape, achieving a maximum value at
w1 = w*, say. The expression is increasing for w;,; < w* and decreasing for w; ;1 > w*.
Thus, for any given value of the leverage ratio, g,, and Rf .1/ Ry, generically there are either
no values of w;;1 or two that satisfy (3.3). The value of w;;; realized in equilibrium must
be the one on the left side of the inverted ‘U’ shape. This is because, according to (3.2),
the lower value of 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 F (iwy11; 0¢), so it follows that a shock which

drives up RF .1 has a negative contemporaneous impact on the bankruptcy rate. According to

TIf 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.

8 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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(2.37), shocks that drive RF .1 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:

By [ [RF\WPPyKii1 — Zyy1 By ] dF (w;0¢)

@it1
RyNiq )
B E, ;:H lw — @yy1] dF (w; 00) R PPy Ky
B Ry N
_ —_— R},
= E; {[1 = T'(0e41504)] (9
t

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

1= / wdF (w;04) = / wdF(w;op) + G(Dpi1; 04).
0 o

t+1

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

condition. The Lagrangian representation of this problem is:

Rk Rk
max F; q [1 — (0415 00)] 0, + Mgt | T (@rp1304) — pG (@ig1;00)] —540, — 0, + 1) ¢,
0p @41} R, R,

where Ay, is the Lagrange multiplier which is defined for each period ¢ + 1 state of nature.

The first order conditions for this problem are:

Rk RF
B {1 D@ o] 2 4 A (M@ o) — wGoion] 52~ 1) b = 0
t t
- R, _ _ Ry,
Lo (@15 00) = + M1 T (@415 04) — pGo(@ig1; 0¢)] = 0
Rt Rt
i

[[(@141; 04) — pG (D415 04)] o—o+1 =0,

R,
where the absence of \;;; from the complementary slackness condition reflects that we as-

sume Ay 1 > 0 in each period ¢+ 1 state of nature. Substituting out for A\;,; from the second
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equation into the first, the first order conditions reduce to:

- . Rf T (0ty150t)
[1 B P(thrl’ Ut)] R + Do (@i4150t)—pGo(@it1;0¢)

Et = 07 (34)
([F(@Hl? o) — pG(Dit1; 01)] ngfl - 1)
~ _ R,
[D(@0ey150¢) — pG(QDpy1504)] Ttgt -—o+1 =0, (3.5)

fort=0,1,2,...00 and for t = —1,0, 1, 2, ... respectively.
Since Ni;1 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 p, implies that

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

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

— k — k
A W1 Ry . W1 44 (3.6)
t+1 — _ Nt-&-} - 1— 1 .
Pka’,th+1 Qt

which is the same for all entrepreneurs, regardless of their net worth.

3.1.2. Aggregation Across Entrepreneurs and the Risk Premium
Let f (NV;41) denote the density of entrepreneurs with net worth, Nyy;. Then, aggregate

average net worth, Ny 1, is

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

Nii1

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

denoted V¥, where
V;N = prtflpk/,tflf_{tN — I'(wy; Utfl)RfPtflpk’,tflf(tNa (3.7)

where K is the amount of physical capital that entrepreneurs with net worth N, acquired

in period ¢ — 1. Clearing in the market for capital requires:

Kt - Kth (Nt) dNt-

Ny

Multiplying (3.7) by f (/V;) and integrating over all entrepreneurs,
Vi = prt—lpk',t—l—f(t — I'(wy; Ut—1)RfPt—1Pk',t—1Kt-
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Writing this out more fully:

Vi=RFP Py, K, — {[1 — F(@y;001)] 0 + / wdF (w; Ut—l)} RiP, 1Py 1 K,
0

i _
= R/ Py 1Py 1K,
wt

- {[1 — F(wgo01)| w0+ (1 — ,u)/ wdF (w;o4-1) + ,u/ wdF (w; Ut—l)} REP, \Pyy 1 K.
0

0
Note that the first two terms in braces correspond to the net revenues of the bank, which

must equal Ry_1(P_1 Py 1K; — N;). Substituting:

1 fowt wdF(w;o: 1)RFP,_ 1Py 1 K,
Py 1Py 1 Ky — Ny

Vi = prtflpk’,tflf(t - {Rtl + } (Ptflpk’,tflkt - Nt>~

After V; is determined, each entrepreneur faces an identical and independent probability
1 — v, 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
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,

[Lfowt wdF(w; Ut—l)RfPt—lPk’,t—lf(t

_ - PP, K, —
PPy 1K, — N, (Fe1 P -1 K

Nt+1 = %{prt—lplc',t—lf(t — | Ri—q +
+Wy¢.

3.2. Solving the Financial Frictions Model

In this subsection we indicate how the equilibrium conditions of the baseline model must be

modified to accommodate financial frictions.

3.2.1. Equilibrium Conditions

Consider the households. Households no longer accumulate physical capital, and the first
order condition, (2.39), must be dropped. No other changes need to be made to the household
first order conditions. Equation (2.42) can be interpreted as applying to the household’s
decision to make bank deposits. The household equations, (2.35) and (2.40), 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).
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We must add the three equations pertaining to the entrepreneur’s loan contract: the law of
motion of net worth, the bank’s zero profit condition and the optimality condition. Finally,
we must adjust the resource constraints to reflect the resources used in bank monitoring and
in consumption by entrepreneurs.

We adopt the following scaling of variables, noting that W is set so that its scaled
counterpart is constant:

€

New o Wi
CERR

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

Niy1 =

v k L = 1. e
Mol = ut [prk’,tflkt — Ry (pwyp—1ke — i) — pG (@45 04-1) prk/,tqkt] +w®,  (3.9)
tHhzt ot
for t = 0,1,2,... . Equation (3.9) has a simple intuitive interpretation. The first object

in square brackets is the average gross return across all entrepreneurs in period t. 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
loaned to entrepreneurs by the bank, and the term involving p represents the bank’s total
expenditures on monitoring costs.

The zero profit condition on banks, eq. (3.5), can be expressed in terms of the scaled

variables as:

R n
L(Wiy1500) — pG(@e41;04) = kt <1 - = ) g (3.10)
pk’,tktJrl

for t = —1,0,1,2,... . The optimality condition for bank loans is (3.4).
The output equation, (2.52), does not have to be modified. Instead, the resource con-

straint for domestic homogenous goods (2.53) needs to be adjusted for the monitoring costs:

e k
Gomdy = g+ (=) ()" o+ (pl)" (zt+a<ut>—t) L-w) (311)
Mw,tuz+,t

Nz -

o [wn P (= wn)| T (1= ) )T 01

where ~ i _
PG (@g; 0¢—1) R P 41kt

T+ ¢

When we bring the model to the data measured GDP is y; adjusted for both monitoring

dt:

costs and, as in the baseline model, capital utilization costs:

. k
gdpy =y — dy — (p})™ (a (ue) —t> (1—w).
:uw,tljlz*,t
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Account has to be taken of the consumption by exiting entrepreneurs. The net worth of
these entrepreneurs is (1 —,) V; and we assume a fraction, 1 — ©, is taxed and transferred
in lump-sum form to households, while the complementary fraction, ©, is consumed by the

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

1—
S} Tt (ne1 — w) 2t Py

Tt
from the right side of (2.9). In practice we do not make this adjustment because we assume
O is sufficiently small that the adjustment is negligible.

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

- k
Wil Rt+1

Zt+1 - Rt = 1 - Rt7

41
Pt tke+1

according to (3.6).
The financial frictions brings a net increase of 2 equations (we add (3.4), (3.9) and (3.10),
and delete (2.39)) and two variables, n;y1 and w;;. This increases the size of our system to

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

4. Introducing Employment Frictions into the Model

This section replaces the model of the labor market in our baseline model with the search and
matching framework of Mortensen and Pissarides (1994) and, more recently, Hall (2005a,b,c)
and Shimer (2005a,b). We integrate the framework into our environment - which includes
capital and monetary factors - following the GST strategy implemented in Christiano, Ilut,
Motto, and Rostagno (2007). A key feature of the GST model is that there are wage-
setting frictions, but they do not have a direct impact on on-going worker employer relations.
However, wage-setting frictions have an impact on the effort of an employer in recruiting new
employees. In this sense, the setup is not vulnerable to the Barro (1977) critique of sticky
wages. The model is also attractive because of the richness of its labor market implications:
the model differentiates between hours worked and the quantity of people employed, it has

unemployment and vacancies.
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The labor market in our alternative labor market model is a modified version of the GST
model. GST assume wage-setting frictions of the Calvo type, while we instead work with
Taylor-type frictions. In addition, we adopt a slightly different representation of the produc-
tion sector in order to maximize comparability with our baseline model. A key difference is
that we allow for endogenous separation of employees from their jobs, as in e.g. den Haan,
Ramey and Watson (2000). Our main motivation for doing this is the prima facie cyclical-
ity of separation rates, confirmed by empirical evidence for the U.S. by Fujita and Ramey
(2007). In what follows, we first provide an overview and after that we present the detailed
decision problems of agents in the labor market.

Our motivation for replacing the Erceg, Henderson and Levin (2000) style labor market
modeling of our baseline model is simple and empirical: Most of the variation in hours
worked is generated by the extensive margin of labor supply. We apply the simple data
analysis method of Hansen (1985) on Swedish data 1995q1-2009¢q2. The decomposition is

var (Hy) = var (s¢) + var (L) + 2covar (4, Ly)

where H,; denotes total hours worked, ¢; hours per worker and L; number of people employed.
H; and L, are in per capita terms (of the adult population) and all series are HP-filtered with
A = 1600. This decomposition indicates that roughly 4/5th of the variation in total hours
worked comes from variation in employment and 1/5th from variation in hours per worker.’
Accordingly, a model that allows for variation in both margins is needed. Even more strongly
these numbers indicate that models that only allow for variation of the intensive margin lack

micro foundation.

4.1. Sketch of the Model

As in the discussion of section 2.1, 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 as in the baseline
model.

In the baseline model, the homogeneous labor services are supplied to the competitive la-
bor market by labor retailers (contractors) who combine the labor services supplied to them
by households who monopolistically supply specialized labor services (see Erceg, Henderson
and Levin (2000) and section 2.1). Here, in the modified model, we dispense with the spe-

cialized labor services abstraction. Labor services are instead supplied to the homogeneous

9The covariance term is close to 0, which is in line with previous Swedish evidence and institutional
factors that discourage over-time work.
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labor market by ‘employment agencies’. See Figure B for a graphical illustration. The change
leaves the equilibrium conditions associated with the production of the homogeneous good
unaffected. Key labor market activities - vacancy postings, layoffs, labor bargaining, setting
the intensity of labor effort - are all carried out inside the employment agencies.'”

Each household is composed of many workers, each of which is in the labor force. A
worker begins the period either unemployed or employed with a particular employment
agency. Unemployed workers do undirected search. They find a job with a particular agency
with a probability that is proportional to the efforts made by the agency to attract workers.
Workers are separated from employment agencies either exogenously, or because they are
actively cut. Workers pass back and forth between unemployment and employment with an
agency. There are no agency to agency transitions.

The events during the period in an employment agency are displayed in Figure C. Each
employment agency begins a period with a stock of workers. That stock is immediately
reduced by exogenous separations and it is increased by new arrivals that reflect the agency’s
recruiting efforts in the previous period. Then, the economy’s aggregate shocks are realized.

At this point, each agency’s wage is set. The agencies are allocated permanently into N
equal-sized cohorts and each period 1/N agencies establish a new wage by Nash bargain-
ing. When a new wage is set, it evolves over the subsequent N — 1 periods according to
(2.47) and (2.48). The wage negotiated in a given period covers all workers employed at an
agency for each of the subsequent N — 1 periods, even those that will not arrive until later.
The bargaining arrangement is atomistic, so that each worker bargains separately with a
representative of the employment agency.

Next, each worker draws an idiosyncratic productivity shock. A cutoff level of produc-
tivity is determined, and workers with lower productivity are laid off. We consider two
mechanisms by which the cutoff is determined. One is based on the total surplus of a given
worker and the other is based purely on the employment agency’s interest. Finally, the
intensity of each worker’s labor effort is determined by an efficiency criterion.

After the endogenous layoff decision, the employment agency posts vacancies and the
intensity of work effort is chosen. At this point the employment agency supplies labor to the
labor market.

We now describe these various labor market activities in greater detail. We begin with the
decisions at the end of the period and work backwards to the bargaining problem. This is a
convenient way to develop the model because the bargaining problem internalizes everything

that comes after. The actual equilibrium conditions are displayed in the Appendix.

10 An alternative, perhaps more natural, formulation would be for the intermediate good firms to do their
own employment search. We instead separate the task of finding workers from production of intermediate
goods in order to avoid adding a state variable to the intermediate good firm, which would complicate the
solution of their price-setting problem.
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4.2. Labor Hours

Labor intensity is chosen to equate the value of labor services to the employment agency
with the cost of providing it by the household. To explain the latter, we display the utility

function of the household, which is a modified version of (2.34):

N-— 1+L

o0

EtZBlit{Cg—&-l log(Ciy1 — bCiii1) — (AL Z gllti o1 1-F (di-',-l)] | (A1)

1=0 i=0

Here, i € {0, ..., N — 1} indexes the cohort to which the employment agency belongs. The in-
dex, i = 0 corresponds to the cohort whose employment agency renegotiates the wage in the
current period, ¢ = 1 corresponds to the cohort that renegotiated in the previous period, and
so on. The object, [ denotes the number of workers in cohort 4, after exogenous separations
and new arrivals from unemployment have occurred. Let a! denote the idiosyncratic produc-
tivity shock drawn by a worker in cohort 7. Then, @, denotes the endogenously-determined

cutoff such that all workers with a} < @ are laid off from the firm. Also, let
F(a;) = P [a} < a@y]

denote the cumulative distribution function of the idiosyncratic productivity shock. (In
practice, we assume that F is lognormal with Fa = 1 and standard deviation of log (a)
equal to 0,.) Then,

[1-F (@) (42)

denotes the number of workers with an employment agency in the i** cohort who survive the
endogenous layoffs.

Let ¢;; denote the number of hours supplied by a worker in the i cohort. The absence
of the index, a, on ¢;; reflects our assumption that each worker who survives endogenous
layoffs in cohort ¢ works the same number of hours, regardless of the realization of their
idiosyncratic level of productivity. The disutility experienced by a worker that works ¢;+

hours is:

1+og,
oy (Sit)
Ap——.
Ct L 1+0’L

The utility function in (4.1) sums the disutility experienced by the workers in each cohort.
Although the individual worker’s labor market experience - whether employed or unem-
ployed - is determined by idiosyncratic shocks, each household has sufficiently many workers

that the total fraction of workers employed,

N-1

Li=> [1-F (@),

1=0
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as well as the fractions allocated among the different cohorts, [1 — F (@})]l{, i =0, ..., N — 1,
are the same for each household. We suppose that all the household’s workers are supplied
inelastically to the labor market (i.e., labor force participation is constant).

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

Y

(1—77)(1—Ly) Pb"z —i—ZW?’ 1— )]ligi,tm

(4.3)

where W/ is the nominal wage rate earned by workers in cohort i = 0, ..., N — 1. The presence
of the term involving b* indicates the assumption that unemployed workers, 1 — L;, receive a
pre-tax payment of b%z; final consumption goods. These unemployment benefits are financed
by lump sum taxes. As in our baseline model, there is a labor income tax 7} and a payroll
tax 7" that affect the after-tax wage.

Let W; denote the price received by employment agencies for supplying one unit of
labor service. It represents the marginal gain to the employment agency that occurs when
an individual worker increases time spent working by one unit. Because the employment
agency is competitive in the supply of labor services, it takes W; as given. We treat W, as
an unobserved variable in the data. In practice, it is the shadow value of an extra worker
supplied by the human resources department to a firm.

Following GST, we assume that labor hours are chosen to equate the worker’s marginal

cost of working with the agency’s marginal benefit:

WiG) = (J ALsTE (4.4)

1—7Y

Ut

fori =0, ..., N—1. Here, G} denotes expected productivity of workers who survive endogenous

separation: .
57,
Gi = Tt (4.5)
where
§ = £(a0.,) = /  adF (a;04,) (4.6)
o= Flaow) = [ aF o). (17)
0

To understand the expression on the right of (4.4), note that the marginal cost, in utility
terms, to an individual worker who increases labor intensity by one unit is (A Sit- This
is converted to currency units by dividing by the multiplier, v;, on the household’s nominal
budget constraint, and by the tax wedge (1 — 77) / (1 + 71). The left side of (4.4) represents

the increase in revenues to the employment agency from increasing hours worked by one
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unit (recall, all workers who survive endogenous layoffs work the same number of hours.)
Division by 1 — F} is required in (4.5) so that the expectation is relative to the distribution
of a conditional on a > a.

Labor intensity is potentially different across cohorts because G! in (4.4) 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 (4.4) and that some workers will endogenously

separate.

4.3. Vacancies and the Employment Agency Problem

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} are:

Kj ([1 _%zég)] zg>¢ [1 -7 (a)] 4,

units of the domestic homogeneous good. The parameter ¢ determines the curvature of
the cost function and in practice we set p = 2. Also, k2, /¢ is a cost parameter which is
assumed to grow at the same rate as the overall economic growth rate and, as noted above,
[1 — F (@})] I{ denotes the number of employees in the i*" cohort after endogenous separations
have occurred. Also, ); is the probability that a posted vacancy is filled, a quantity that
is exogenous to an individual employment agency. The functional form of our cost function
reduces to the function used in GT and GST when ¢ = 1. With this parameterization,
costs are a function 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 @,
i.e., they set © = 0. To understand the implications for our type of empirical analysis, consider
a shock that triggers an economic expansion and also produces a fall in the probability of
filling a vacancy, );. We expect the expansion to be smaller in a version of the model that
emphasizes search costs (i.e., ¢ = 0) than in a version that emphasizes internal costs (i.e.,
L=1).

To further describe the vacancy decisions of the employment agencies, we require their
objective function. We begin by considering F (12, w;) , the value function of the representa-
tive employment agency in the cohort, ¢ = 0, that negotiates its wage in the current period.
The arguments of F' are the agency’s workforce after beginning-of-period exogenous separa-
tions and new arrivals, [{, and an arbitrary value for the nominal wage rate, w;. That is, we
consider the value of the firm’s problem after the wage rate has been set.

We suppose that the firm chooses a particular monotone transform of vacancy postings,

45



which we denote by @ : ‘
Qvt

(=70

~i
Uy

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

survives endogenous separations. The agency’s hiring rate, %, is related to o} by:
Xi = Q' (4.8)

To construct F' (19, w;), we must derive the law of motion of the firm’s work force, during
the period of the wage contract. If ! is the period t work force just after exogenous separations

and new arrivals, then (4.2) is the size of the workforce after endogenous separations. The
i+1
s
That workforce reflects the endogenous separations in period ¢ as well as the exogenous

time ¢ + 1 workforce of the representative agency in the i'* cohort at time ¢ is denoted [

separations and new arrivals at the start of period ¢ 4+ 1. Let p denote the probability that
an individual worker attached to an employment agency at the start of a period survives the

exogenous separation. Then, given the hiring rate, ¥, we have
Ui = (xd+p) (1= F) . (4.9)

for j = 0,1,..., N — 1, with the understanding here and throughout that j = N is to be
interpreted as j = 0. Expression (4.9) is deterministic, reflecting the assumption that the
representative employment agency in cohort j employs a large number of workers.

The value function of the firm is:

N-1 o
. Vi s
F (lg, Wt) = Z ﬁ]Et;—:j (ﬁ_sz( )[/J (VVH_J'CL — Ft,jwt) §j7t+jdf (a) (410)
=0 Vit Begj) 7 Ay
+
KZl i o\ . )
—Piyj g;j (Ungj ) (1 - ftjﬂ' >]l§+j

U ~
6V E, ‘:NF (z§+N, WHN) ,
t

where I] evolves according to (4.9), s, satisfies (4.4) and

T, — { Tw,t+j * 1 Tw,t+15 i z 8 . (4.11)
Here, 7, is defined in (2.48). The term, I'; jw;, represents the wage rate in period ¢+ j, given
the wage rate was w; at time ¢ and there have been no wage negotiations in periods ¢ + 1,
t 4+ 2, up to and including period ¢ + j. In (4.10), Wi~ denotes the Nash bargaining wage
that is negotiated in period ¢ + N, which is when the next round of bargaining occurs. At
time ¢, the agency takes the state ¢ + N—contingent function, W, v, as given. The vacancy

decision of employment agencies solve the maximization problem in (4.10).
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It is easily verified using (4.10) that F' (I?,w;) is linear in [2:
F (1), wi) = J (wi) 17, (4.12)

where J (w;) is not a function of I?. 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 wy. Although later in the period workers become heterogeneous when they draw an
idiosyncratic shock to productivity, the fact that that draw is i.i.d. over time means that

workers are all identical at the time that (4.12) is evaluated.

4.4. Worker Value Functions

In order to discuss the endogenous separation decisions, as well as the bargaining problem,
we must have the value functions of the individual worker. For the bargaining problem, we
require the worker’s value function before he knows what his idiosyncratic productivity draw
is. For the endogenous separation problem, we need to know the worker’s value function
after he knows he has survived the endogenous separation. For both the bargaining and
separation problem, we need to know the value of unemployment to the worker.

Let V;' denote the period ¢ value of being a worker in an agency in cohort 4, after that

worker has survived that period’s endogenous separation:

: 1—7} Greias”"
Vi =T ”W LiSip———b == A 4.13

+6Etvt+1 [ ( ﬁﬂ) tl—&j_ll + (1 —p+ P'EZI%) Ut+1] )

Uy

fori=0,1,...,N —1. In (4.13), W,_; denotes the wage negotiated ¢ periods in the past, and
Ft,i,iVVt,i represents the wage received in period t by workers in cohort ¢. The two terms
after the equality in (4.13) represent a worker’s period t flow utility, converted into units of
currency.'’ The terms in square brackets in (4.13) correspond to utility in the two possible
period ¢ + 1 states of the world. With probability p (1 — F/{]) the worker survives the
exogenous and endogenous separations in period ¢ + 1, in which case its value function in
t+1is Vt“rl With the complementary probability, 1 — p + pFit] 11, the worker separates into
unemployment in period ¢ + 1, and enjoys utility, U, 1.

The currency value of being unemployed in period ¢ is:

Ui = -P752+bu<]-_7—t) 5Etvt+1 [ft t+1 ( _ft) Ut+1]7 (4-14)

1'Note the division of the disutility of work in (4.13) by vy, the multiplier on the budget constraint of the
household optimization problem.
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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 knows that he has matched with an

employment agency at the start of ¢ + 1, but does not know which one. In particular,
1= Z X% — 7 e S A (4.15)
Here, total new matches at the start of period t + 1, my, is given by:
= ixi (1—F)i. (4.16)
=0

In (4.15),
xi (1= F)
my
is the probability of finding a job in ¢+ 1 in an agency belonging to cohort 7 in period ¢. Note
that this is a proper probability distribution because it is positive for each ¢ and it sums to
unity by (4.16).

In (4.15), Vi1l is the analog of V;'[]!, except that the former is defined before the worker
knows if he survives the endogenous productivity cut, while the latter is defined after survival.
The superscript ¢ + 1 appears on Vt "7 because the probabilities in (4.15) refer to activities
in a particular agency cohort in period ¢, while in period ¢ 4+ 1 the index of that cohort is
incremented by unity.

We complete the definition of U, in (4.14) by giving the formal definition of Vi

= FU+ (1- F)VY. (4.17)

That is, at the start of the period, the worker has probability ]-"t] of returning to unemploy-
ment, and the complementary probability of surviving in the firm to work and receive a wage

in period t.

4.5. Separation Decision

This section describes the separation decision of employment agencies. We discuss the sepa-
ration decision of a representative agency in the j = 0 cohort which renegotiates the wage in
the current period. The decisions of other cohorts are made in a similar way. Details appear
in the Appendix.

Just prior to the realization of idiosyncratic worker uncertainty, the number of workers
attached to the representative agency in the j = 0 cohort is Y. Each of the workers in [?
independently draws a productivity, a, from the cumulative distribution function, 7. The

workers who draw a value of a below a productivity cutoff, @, are separated from the agency
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and the rest remain. The productivity cutoff is selected by the representative agency taking
as given all variables determined outside the agency. We consider alternative criteria for
selecting @Y. The different criteria correspond to different ways of weighting the surplus
enjoyed by the agency and the surplus enjoyed by the workers, 12, attached to the agency.

The aggregate surplus across all the [ workers in the representative agency is given by:
(VP =U,) (1=F) 1. (4.18)

To see this, note that each worker among the fraction, 1 — F?, workers with a > @’ who stay
with the agency experiences the same surplus, V,° — U;. The fraction, F?, of workers in [?
who leave enjoys zero surplus. The object, F7, is a function of @) as indicated in (4.7).

The surplus enjoyed by the representative employment agency before idiosyncratic worker
uncertainty is realized and when the workforce is 2, is given by (4.10). According to (4.12)
agency surplus per worker in [ is given by J (w;) and this is readily confirmed to have the
following structure:

J (wy) = m%xj (wsay) (1—F),

a’t
where

J (wt; EL?) = max { (thf — wt) Sot — Ptz;rg (17?)@ + ﬁUL—:l (X? + ,0) Jt1+1 (wt)} . (4.19)
Ut
Here, it is understood that x?, ¢ are connected by (4.8). Thus, the surplus of the rep-
resentative agency with workforce, 2, expressed as a function of an arbitrary value of a)
is:
J (wyal) (1—F) 1. (4.20)
This expression displays the two ways that a? impacts on firm profits: @) affects the number
of workers, 1 —F?, employed in period ¢, as well as their average productivity, J. The impact
of @) on the number of workers can be deduced from (4.7). Although at first glance it may
appear that the cutoff affects .J in several ways, in fact it only affects J through two channels.
For example, by the envelope theorem we can ignore the impact of @’ on J via its impact
on the choice of 9 and xj. In addition, the function J},, is invariant to the choice of af. As
a result, in differentiating J (w¢; @) with respect to @ we can ignore Ji,; and any variables
whose values are determined in the maximization problem implicit in J}H. For example, we
can ignore the impact of aj on the agency’s future cutoff decisions, a;;, i > 0.
The surplus criterion governing the choice of a? is specified to be a weighted sum of the

worker surplus and employer surplus described above:

[0 (V0 = U) + 50 (waad)| (1= 20) 88 (4.21)
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The parameters s, s. € {0,1} allow for a variety of interesting surplus measures. If s,, =
0 and s, = 1 we have employer surplus. If s, = 1 and s, = 1 we have total surplus.
Accordingly, the employer surplus model is the one in which a? is chosen to optimize (4.21)
with s, = 0, s = 1 and the total surplus model is the one that optimizes (4.21) with

Sw = S = 1. The first order necessary condition for an interior optimum is:

FY
-7

sV sedao (i) = [ (V0 = UL) + 0T (wiiaf) | (4.22)
According to (4.22), @) is selected to balance the impact on surplus along intensive and
extensive margins. The expression on the left of the equality characterizes the impact on
the intensive margin: the surplus per worker that survives the cut increases with a’. The
expression on the right side of (4.22) captures the extensive margin, the loss of surplus
associated with the F?'/ (1 — F?) workers who do not survive the cut. The equations that
characterize the choice of ZL{, j=1,..., N — 1 are essentially the same as (4.22) and so the
discussion of these appears in the Appendix.

The expression, (4.22), assumes an arbitrary wage outcome, w;. In the next subsection

we discuss the bargaining problem that determines a value for w;.

4.6. Bargaining Problem

We suppose that bargaining occurs among a continuum of worker-agency representative pairs.
Each bargaining session takes the outcomes of all other bargaining sessions as given. Because
each bargaining session is atomistic, each session ignores its impact on the wage earned by
workers arriving in the future during the contract. We assume that those future workers
are simply paid the average of the outcome of all bargaining sessions. Since each bargaining
problem is identical, the wage that solves each problem is the same and so the average
wage coincides with the wage that solves the individual bargaining problem. Because each
bargaining session is atomistic, it also ignores the impact of the wage bargain on decisions
like vacancies and separations, taken by the firm.

The Nash bargaining problem that determines the wage rate is a combination of the
worker surplus and firm surplus

max (‘”/t[] — Ut)n J (wt)(l_n) .

Wt

Here, the firm surplus, J (w;), reflects that the outside option of the firm in the bargaining
problem is zero. We denote the wage that solves this problem by W,. The above problem
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has an interesting structure. Note first (ignoring the impact of w; on the vacancy decision):

Jw,t = - (1 - ]_—t()) So,t
+B=E [ Toasaernp (1= Flyy) (1= 7))
t
U Tl 7 (1= F) (1= Fl) (1= F)
t
+... +
-I—ﬁN_lM [T N-1SN—1t+N—1] PN_l (1 - ﬂjij_vl_l) R (1 — ]_—t()) ;

Uy
where J,,; denotes the derivative of the surplus with respect to the wage rate. A rise in
the wage reduces J; only in future states of the world in which the worker survives both
exogenous and endogenous separation. If we abstract from taxes it is easy to verify that
Jwt = —‘N/'w,t. That is, a contemplated increase in the wage simply reallocates resources
between the firm and the worker.

Until now we have implicitly assumed that the negotiated wage paid by an employment
agency which has renegotiated most recently ¢ periods in the past is always inside the bar-
gaining set, [w!,w!], i = 0,1,..., N — 1. In other words, the wage paid is not lower than the
workers reservation wage and not higher than the wage an employment agency is willing to
pay. The fact that we allow for endogenous separations when either to total or employer sur-
plus of a match is negative does not strictly guarantee that wages are in the bargaining set,
i.e. that both employer and worker have a non-negative surplus of the match. In Appendix

B.4.6 we describe how we check that the wage always is within the bargaining set.

4.7. Resource Constraint in the Employment Frictions Model

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

production technology equation, (2.52), unchanged, and we alter the resource constraint:

N-1

yt—gZ(@f)2[1—F3] U o= g+dc+if (4.23)

=0
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Measured GDP is y; adjusted for both recruitment costs and capital utilization costs:
K 2 k
dpr=ye—= Y (8) [1—FH - ““(au —t>1—wi
gaps = Yt 5 ]ZO( t) [ t} t (pt) ( t) Hatiot s ( )

This completes the description of the employment friction representation of the labor
market. This version of the model also brings three new shocks 7,, o,,; and o,,; into the

model.
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5. Estimation

We estimate the full model which includes both financial and labor market frictions using
Bayesian techniques The equilibrium conditions of the model are summarized in Appendix
B.6. We choose the version of the labor market where endogenous breakups are determined

using employer surplus, i.e. s, = 0 and s, = 1.2

5.1. Calibration

We calibrate and later estimate our model using Swedish data. The time unit is a quarter.
Parameters that are related to “great ratios” and other observable quantities related to
steady state values calibrated. These include the discount factor S and the tax rate on
bonds 7, which are calibrated to yield a real interest of rate equal to the sample average of
2.25 percent annually. We calibrate the capital share o to 0.375 which yields a capital-output
ratio slightly below 2 on an annual basis. The capital share is set higher than most of the
literature to compensate for the effect of a positive external finance premium.

Four observable ratios are chosen to be exactly matched throughout the estimation,
and accordingly we recalibrate four corresponding parameters for each parameter draw:
We set the depreciation rate 0 to match the ratio of investment over output, p;i/y, the
entrepreneurial survival rate v to match the net worth to assets, n/(pw k), ratio'?, the steady
state real exchange rate ¢ to match the export share P*X/(PY) of 0.45 in the data and
finally we set the disutility of labor scaling parameter A to fix the fraction of their time

that individuals spend working.

Parameter description Posterior mean Moment Moment value
) Depreciation rate of capital  0.020 pit/y 0.17
~v  Entrepreneurial survival rate 0.964 n/(prk) 0.5
®  Real exchange rate 0.089 P*X/(PY) 0.45
Ap  Scaling of disutility of work 212330 Lg 0.25

Table 0. Matched moments and corresponding parameters.

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

value of the inflation target we simply use the inflation target stated by Sveriges Riksbank.

12For a comparison of the dynamics of the model across the various separation criteria, see Christiano,
Trabandt and Walentin (2009).

13We used micro data to calculate the average equity/total assets during the sample period both for all
Swedish firms and for only the stock market listed firms. In the first case book values where used, and in
the second case market value of equity was used. Both ratios where close to 0.5.
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We let the markup of export good producers A\, be low so as to avoid double marking
up of these goods. All other price markups are set to 1.2, following a wide literature. We
require full working capital financing in all appropriate sectors. We set 1, so that there
is full indexation of wages to the steady state real growth. The indexation parameters <,
j = d,z,mc,mi,mx,w are set so that there is no indexation to the inflation target, but
instead to 7 which is set equal to the steady state inflation. This implies that we do not
allow for partial indexation in this estimation, which would result in steady state price and
wage dispersion.

For the financial block of the model we set F'(w) equal to the sample average bank-
ruptcy rate according to microdata from the leading Swedish credit registry, called “UC
AB”. W, /y has no other noticeable effect than jointly with v determining the n/(py k) and
is set arbitrarily.

For the labor block, 1 — L is set to the sample average unemployment rate, the length of a
wage contract N to annual negotiation frequency, ¢ = 2 to yield quadratic recruitment costs,
p and the prior mean of F is set jointly so that it takes an unemployed person on average
3 quarters to find a job (i.e. f = 1/3), in line with the evidence presented in Forslund and
Johansson (2007) for completed unemployment spells. Holmlund (2006) present evidence of
unemployment duration for all unemployment spells being slightly higher, around 4 quarters.
The matching function parameter o is set so that number of unemployed and vacancies have
equal factor shares in the production of matches. o, is calibrated to match the probability
@ = 0.9 of filling a vacancy within a quarter, although this is merely a normalization. We
assume hiring costs, and not search costs by setting : = 1 and thereby follow GST. In an
extension below we instead estimate this parameter. We are reinforced in this calibration by
the limited importance of search costs that has been documented using Swedish microdata
by Carlsson, Eriksson and Gottfries (2006). The calibrated values are displayed in Table 1.
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Parameter Value  Description

« 0.375  Capital share in production

154 0.9986 Discount factor

w; 0.43 Import share in investment goods

We 0.25 Import share in consumption goods

Wy 0.35 Import share in export goods

Ny 0.3 Government consumption share on GDP

T 0.25 Capital tax rate

Tw 0.35 Payroll tax rate

Te 0.25 Consumption tax rate

Ty 0.30 Labor income tax rate

T 0 Bond tax rate

I, 1.0039 Steady state growth rate of neutral technology

Hp 1.0005 Steady state growth rate of investment technology
T 1.005  Steady state gross inflation target

Az 1.05 Export price markup

A 1.2 Price markups, j = d, mec, mi, mx

v, vy, V{ 1 Working capital shares

Vs Ko 0 Wage indexation to real growth trend and lagged inflation
P 1 — x’ Indexation to inflation target for j = d, x, me, mi, mz, w
s 1.005  Third indexing base

F(w) 0.01 Steady state bankruptcy rate

W./y 0.001  Transfers to entrepreneurs

L 1-0.08 Steady state fraction of employment

N 4 Number of agency cohorts/length of wage contracts
% 2 Curvature of recruitment costs

p 0.9735 Exogenous survival rate of a match

o 0.5 Unemployment share in matching technology

Om 0.5475 Level parameter in matching function

L 1 Employment adj. costs dependence on tightness

Table 1. Calibrated parameters.

5.2. Choice of priors

We estimate 27 structural parameters, 16 VAR parameters for the foreign economy, 8 AR1

coefficients and 17 shock standard deviations. The priors are displayed in tables Al and

A2. The general approach has been to choose diffuse priors, with the exceptions to this rule

detailed below.

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

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

parameters we use a mode of 0.75 corresponding to annual price setting based on micro

evidence in Apel, Friberg and Hallsten (2005) and tight priors. An exception is made for

&, Were we use a diffuse prior, to allow for low pass-through to marginal cost for export
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production, as discussed in section 2.3. For habit formation we follow a wide literature by
setting the prior mode at 0.65. For the Taylor rule we only allow for reaction to contempo-
raneous inflation and GDP. For these parameters we similar priors as Smets and Wouters
(2003) and ALLV. Regarding the parameters for indexation to past inflation we are agnostic
and use a diffuse beta prior centered at 0.5. We follow Smets and Wouters (2003) in setting
a prior for o, around 0.2. For the elasticities of substitution between foreign and domestic
goods we choose prior means of 1.5 based on values used in the macro literature and the
estimate in Whalley (1995). We set the prior mean of the UIP risk adjustment parameter
ngS equal to 1.5 to get a slight hump-shape in the real exchange rate response to a monetary
policy shock.

The persistence of the entrepreneurial parameters v, and o; have the same priors as the
technology processes. The prior mode for y is set to yield a 1.6% annual external finance
premium, as this is the sample average. We choose a diffuse prior so as to let data determine
the elasticity of the finance premium in terms of basis points, as this is what affects the
dynamics of the economy.'

For the labor block we use a diffuse prior for o centered around 7.5, implying a Frisch
elasticity of 1/7.5=0.133. Because we have both an extensive and an intensive margin of
labor supply in the model we choose this prior to be closer to micro evidence than normally
used in macro models. MacCurdy (1986) found a Frisch elasticity of 0.15 for U.S. men and
similar values have been found by later studies. For the fraction of GDP spent on vacancy
costs we use a prior with a mode of 0.1% corresponding to x = 2.3.!> We set the mode for
the replacement rate for unemployed workers, bshare, slightly above the average statutory
replacement ratio after tax for this time period which is 0.71. The reason to put the prior
above the statutory rate is that the latter ignores the utility value of leisure and any private
unemployment insurance, which is reasonably common. Finally we set the prior mean of the
endogenous employer-employee match breakup rate, F , to 0.25%, i.e. roughly 1/10th of the
total breakup rate.

5.3. Data

We estimate the model using Swedish data. Our sample period is 1995Q1-2009Q2. All real
quantities are in per capita terms. We use the same 15 macro variables as in ALLV. Further,

we use 4 additional data series. First, we add the time series for government consumption.

141n this way we are not constrained by the assumption for the functional form of the idiosyncratic risk.
15Formally the steady state recruitment share is defined as

5N
Y

recruitshare =
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Second, we add a time series for stock prices (the ‘OMX Stockholm PI” index, formerly ‘SAX
All Shares’) scaled by the domestic price level as a measure of real net worth. Third, we
match a proxy for the spread between the risk-free rate and the loan rate entrepreneurs face.
In particular, we compute the spread between the interest rate on all outstanding loans to
non-financial corporations and the interest rate on government bonds with a maturity of 6
months.' The choice of bond duration is made to match the duration of the corporate debt.
Fourth, we include the official time series for the unemployment rate.

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

data __data __c,data __i,data *,data *,data
Ry ey T Ry

For the remaining 13 time series we take logs and first differences.

Aln(Wy/P)% Aln C{* Aln I, Aln ¢, Aln H***, Aln Y% Aln X
Aln M2 Aln Y% Aln G Aln N2 ASpread?®™®, Aln Unemprated™e.

In addition we demean each first-differenced time series because in our sample variables
such as output, consumption, real wages, investment, exports, imports, stock prices grow on
average at substantially different rates. The model, however, allows for two different real
long-run growth rates only. In order to match these different trends in the data the estimation
would be likely to result in a series of negative or positive shocks for some 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 D in the Appendix for plots of the above data used in the estimation.

5.4. Shocks

In total, there are 23 exogenous stochastic variables in the model. 12 of these evolve according

to AR(1) processes:
67 T? ﬁc? gc7 Ch7 é’b? 0-7 77 g? ?77 O-m, O-a

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

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

y*77r*7R*>uznu\Il'

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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In the estimation we only allow for 17 shocks. Accordingly we do not allow six shocks present
in the theoretical model: the inflation target shock 7¢, the shock to bargaining power 7,
the shock to matching technology o,,, the shock to the standard deviation of idiosyncratic
productivity of workers o,, the unit root shock to investment-specific technology iy and
the idiosyncratic entrepreneur risk shock ¢. Indeed for our sample, 1995-2009, the de jure
inflation target has been in place the entire period and has been constant. 7 also seems
superfluous as we already have the standard labor supply shock - the labor preference shock
¢". We excluded iy as it did not contribute substantially to explaining any variable in
preliminary estimations. For o the reason for exclusion was the high correlation with the

other financial shock, ~.

5.5. Measurement errors

Similarly to Adolfson, Laséen, Lindé and Villani (2007,2008) we allow for measurement
errors, except for the domestic nominal interest rate and the and foreign variables, since
Swedish macro data is measured with substantial noise. We calibrate the variance of the
measurement errors so that they correspond to 10% of the variance of each data series. For
the two financial dataseries (Aln N ASpreadi®®) we estimate the measurement errors
using a prior mean equal to 10% of the variance of the corresponding data series. As can be
seen in Figure D in the Appendix the size of the measurement errors are small: data and
the smoothed series of the model without measurement errors are almost indistinguishable,

with the key exception of net worth which has a large estimated measurement error.

5.6. Measurement equations

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

same transformation for the model variables i.e. multiplying by 400:'7

'"Note that in the data we measure 7{%¢ = 400(log P%* — log P%*). In the model, we have defined
Py
Py

T = Matching data with the model results in the above measurement equations for inflation.
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Rdata — 400(R; — 1) — 91400(R — 1)
Ry — 400(R; — 1) — 91400(R* — 1)

W?ata = 400 10g T — 191400 log T+ 8::
Tttt — 400 log 7§ — 9,400 log 7° + €1,
i,data

wt = 400log m, — 91400 log w" + 7,
ardete — 400 log wF — 19,400 log m* + &7

Tt

where €° denote the measurement errors for the respective variables. In addition, we
introduce the parameters ; € {0, 1} and 5 € {0, 1} which allows us to handle demeaned and
non-demeaned data. In particular, our data for inflation and interest rates is not demeaned,
and we therefore set 1), = 0. An alternative specification would be that we use demeaned
inflation and interest rates which would require to set ¥/ = 1 in order to correctly match the
data with the model.

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

the second indicator variable ¢} = 1.

_ N
Ay = 100(Inp,+,+ Aln (yt ~ pha () —— — g, - & Zl (#)" [1 - 7] lf)) -~
Hp bzt g 2
¥2100(In f1,+ ) + €3'f
Aln Y™ = 100(Inp.r , + Alny)) — 92100(In g1 ) + 0,
AlnCj** = 100(In g+, + Alnc) — 92100(In g4 ) + el
Aln X/ = 100(Inpr,+ , + Alnay) — 92100(In g4 ) + el
Alng’™* = 100Alngq, + Eqt
Aln H{** = 100AIn H"* + e}

Aln M = 100(In .+, + Aln Imports,) — 92100(In .+ ) + €77,
>\m,C
e
= 100 (Inp.+, + Aln +im (pzm> FRsC — 02100(In e+ ) + €57,
M,z e
+ap ()
AlnI{* = 100 [Inpes, + Inpey, + Alnig] —92100(In 4 + Inge,) + €75

Aln G = 100(In i+, + Alng) — 92100(In g1+ ) + €55

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

for capital maintenance. The reason is that the documentation for calculation of the Swedish

o8



National Accounts (SOU (2002)) indicate that these are not included in the investment
definition (and the national accounts are primarily based on the expenditure side). To
calculate measured GDP we also exclude monitoring costs and recruitment costs. Note that
it is measured GDP that enters the Taylor rule.

The real wage is measured by the employment-weighted average Nash bargaining wage

in the model:

| Nl
avg 7 —
wit = =N UGy
Jj=0

L 4

Given this definition the measurement equation for demeaned wages is:

W,
Aln(W,/P,)%" = 100A In ﬂ; = 100(In g1+ , + Alnw™) — 92100(In f1,+ ) + €55 p,
Zt t b K

Finally, we measure demeaned net worth, interest rate spread and unemployment as

follows:
Aln N = 100(In p1,+ , + Alnng) — 92100(In 1+ ) + €75
dat (DtJrlRfH
Aln Spread{™* = 100AIn(Z;4; — Ry) = 100AIn T Ry | + €85readt
o pk’,tfftJrl

Aln Unempf“ta = 100AIn(1 - L;) + €ZLﬁemp’t.

5.7. Estimation results

We obtain the estimation results using a random walk Metropolis-Hasting chain with 175

000 draws after a burn-in of 100 000 draws and with an acceptance rate of 0.22.

5.7.1. Posterior parameter values

We start by commenting briefly on the parameter estimates. See the prior-posterior tables,
Table A1 and A2, in the Appendix. We focus our discussion on the posterior mean which is
used for all computations below.

All Calvo price rigidity parameters except imported inputs for export production have a
posterior mean of roughly 0.8. Imported inputs for export production are instead substan-
tially more flexible, and are re-set optimally almost twice per year (¢,,, = 0.45). The price
rigidities on both import and export prices are substantially below earlier work on Swedish
data by ALLV (2008). Both the later sample and the additional internal propagation in
our richer model might contribute to this difference. We find only a moderate degree of
indexation to lagged inflation, slightly above 1/3, with the exception of x, = 0.61.

Both the habit parameter b and the investment adjustment costs parameter S” are esti-

mated to be low compared to the literature. In the case of S” it is clear that the financial
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frictions induce the gradual response that the investment adjustment mechanism where in-
troduced to generate. The posterior mean of the curvature of capacity utilization o, = 0.15
is very close to what Smets and Wouters (2003) find for Euro area data, and allows for
substantial variation in utilization. The estimated Taylor rule parameters are roughly in line
with the existing literature.

The posterior median of p of 0.37 is slightly above the prior mean of 0.33, indicating that
the elasticity of the interest rate spread, in terms of basis points, is higher than implied by
the sample average and the functional form assumption we have made.

Moving on to the labor block we find a replacement ratio of 0.86, i.e. substantially higher
than the statutory replacement rate of the public Swedish unemployment insurance. The
recruitment costs as a fraction of GDP is estimated to be 0.03 percent, corresponding to
k = 0.98. The endogenous breakup rate F is estimated to be 0.11%. The bargaining power
of workers, 7, is solved for to yield a steady state unemployment rate matching the sample
average. The value of 7 at the posterior mean is 0.92 which is slightly above the value of
1 = 0.85 implied by the prior mean parameter vector.

We are able to estimate the curvature of the increasing disutility of labor supply as
our model, and fact that we match data series for both total hours and employment, allow
for identification of the intensive margin of labor supply. The posterior mean of o is
9.0 (implying a Frisch elasticity of 1/9=0.11),.i.e. slightly above the prior based on micro
evidence and substantially higher than most macro models.

As we will see in the IRFs below the posterior mean of &SS = 1.16, does not generates a
hump-shaped response of the exchange rate to monetary policy shocks. This is in contrast
to the response to the exchange rate at the prior mean. The deviation from UIP is still large
though.

We note from the posterior standard deviations in Table A1l that data is informative

about all the estimated parameters.

5.7.2. Model Moments and Variance Decomposition

In Table A3 we present a comparison of data and model means and standard deviations for
the observed time series. We note a substantial variation of real growth rates in the data,
which is the reason why we demeaned the growth rates in the first place, before matching
the model to the data. There is a noticeable tendency for the standard deviations implied
by the model to be higher than in the data for the nominal variables, while the model does
well on real quantities.

We compute the variance decomposition and present it in Table A4 (1, 8 and 20 quar-
ters ahead). We focus the analysis below on the 8 quarters ahead case, noting that the

decomposition is very similar for both 4 (not presented) and 20 quarters. First, note the
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importance of the entrepreneurial wealth shock. It explains more than half of the variation
in investment, 5 percent of GDP and is also the most important shock for both the finan-
cial variables. It seems to “crowd out” the stationary investment-specific technology shock,
which has limited importance and affect almost all variables less than the financial shock.
Second, note the high importance of the stationary neutral technology shock for key macro
variables, in particular output, all inflation rates, the nominal interest rate, hours worked
and unemployment. Third, also the unit-root neutral technology shock is important, espe-
cially for output and the foreign variables. Finally, note how the variation in employment
and hours is quite evenly spread out over many different shocks, with similar effects on both
variables and stationary neutral technology and export markup being the most important

shocks for both variables.

5.7.3. Smoothed shock processes and impulse response functions

Figure E presents the smoothed values for the shock processes. None of them contain any
obvious trend, but the current financial crisis shows up as an extreme value in many shocks.
Finally, we plot impulse response functions at the posterior mean for all shocks. For com-
parison purposes and to quantify the importance of the different frictions we plot the IRFs,
for the same fixed parameter vector, for smaller versions of the model as well.'® The units on
the y-axis are either in terms of percentage deviation (% dev.) from steady state, annualized
basis points (ABP), or level deviation (Lev. dev.).

The IRFs for the monetary policy shock is reasonably standard: A 50 basis point tem-
porary increase in the nominal interest rate is amplified by the financial frictions. Entre-
preneurial net worth is reduced both because of the falling price of capital and because of
the surprise disinflation that increases the real value of the nominal debt. Accordingly the
interest rate risk spread increase by 14 basis points. Comparing across model we see how
the increased spread cause amplification in the response of investment. We note that our
assumption regarding the country risk premium implies that the real exchange rate moves
substantially less than one-for-one with the nominal interest rate, although not in a hump-
shaped manner. The exchange rate appreciates more in the models with financial frictions
because of the larger decrease in imported investment (recall that w; > w.) and exports
therefore decrease more in those models. Surprisingly, total output decrease less in the mod-
els with financial frictions as resources used up in monitoring increase following the shock.

The monetary policy shock implies an increase in unemployment from the steady state value

180nly one parameter is recalibrated between models: « has to be re-set to keep the capital-output ratio
unchanged in the baseline and unemployment model specifications. The absence of financial frictions in
these two versions of the model imply that the required rate of return on capital is substantially lower. We
therefore set o = 0.1957 to keep the capital-output ratio constant.
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of 8% to a maximum of 8.22% after 3 quarters. In the full model total hours respond less and
real wages more than in the smaller models, and this is a general tendency for most shocks.
Note that the decrease in hours is entirely on the extensive margin - hours per employee
actually increase slightly because of the increase in marginal value of wealth.

The response to a stationary technology shock in our estimated model is reasonably stan-
dard. Both margins of labor supply fall substantially initially. Comparing across models we
note that financial frictions dampens the response of investment as net worth of entrepre-
neurs initially falls. This is a standard result for supply shocks in the presence of the Fisher
debt deflation mechanism, which in turn is generated by nominal debt contracts.

Finally, we analyze the entrepreneurial wealth shock. The interesting part is that it
moves consumption and investment in opposite directions for the first year or two, which
is a similarity with the stationary investment-specific shock (see Justiniano, Primiceri and
Tambalotti (2008), and many earlier papers e.g. Greenwood, Hercowitz and Krusell (2000)).
The key difference versus the investment-specific shock is that the wealth shock implies an
increase in net worth (the stock market). This characteristic makes the entrepreneurial
wealth shock a more plausible candidate for explaining the main part of the increase in
investment both in the late 1990’s and in the last boom-bust cycle when financial data is
included in the analysis (also see the smoothed shock values in Figure E). In the financial
frictions model the entrepreneurial wealth shock has some of the characteristics of a classic
demand shock: It drives up both CPI inflation and output, but in the full model inflation
instead falls slightly and gradually.

5.8. Extension - vacancy posting costs vs. hiring costs

Recall that the costs associated with posting vacancies v} are:

(e zé)w Lol

units of the domestic homogeneous good. The denominator in this expression is simply the

labor stock at the time of the vacancy decision. In our main specification we calibrate « = 1
implying that the costs of adjusting employment is related to the hiring rate (as Qiv! is
the number of new hires), but unaffected by the tightness of the labor market measured by
vacancies over unemployment, V/U. In this extension we instead estimate this parameter.
To be agnostic in this exercise we use a beta prior centered at 0.5 and with a standard
deviation of 0.25. The posterior mode of ¢ is 0.90 with a standard deviation of 0.11. This
means that the data series that we match indicate that tightness of the labor market is
unimportant for the costs of hiring. This is in line with we micro evidence in Carlsson,
Eriksson and Gottfries (2006). But, our result is weakened by the fact that we do not match
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any data series for vacancies, as there is no reliable such series for Sweden. For U.S. data, a
recent paper by Cheremukhin and Restrepo Echavarria (2009) documents a similar tendency.
In that paper the low matching rates in slack labor markets is interpreted as a procyclical
variation in the matching productivity. We instead interpret this result as reflecting that

employment adjustment costs are a function mainly of hiring rates.

6. Conclusion

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

We estimate the full model, which contains the financial frictions as well as the employ-
ment frictions, with Bayesian techniques. The first empirical result worth highlighting is
that the financial shock to entrepreneurial wealth is important in explaining the dynamics
of several variables. The second empirical result comes from the fact that our model allows
for both an intensive and an extensive margin of labor supply. We can therefore provide a
meaningful estimate of the elasticity of labor supply and find it to be close to micro-evidence,
i.e. a Frisch elasticity of 1/9. The third result is that in contrast to the existing literature of
estimated DSGE models, e.g. Smets and Wouters (2003), ALLV and GST, our model does
not contain any “wage-markup shocks” or similar shocks with low autocorrelation, and we
still match both hours worked, unemployment and wage data series. Finally, an interesting
question to be analyzed further is the relative importance of the investment-specific shock
vs. the entrepreneurial wealth shock as the results in the present paper contrast starkly with

Justiniano, Primiceri and Tambalotti (2008).
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A. Tables and Figures

Prior Posterior

Distr. Mean S.d. | Mean S.d. 5% 95%
&g B 0.750 0.075 | 0.828 0.0202 0.7925 0.8581
€y B 0.750 0.075 | 0.774 0.0214 0.7386  0.8069
Eme B 0.750 0.075 | 0.831 0.0235 0.7964 0.8711
Emi B 0.750 0.075 | 0.815 0.0291 0.7714 0.8651
Ema 8 0.750 0.150 | 0.449 0.0346 0.3970 0.5075
K 8 0.500 0.150 | 0.395 0.0451 0.3210 0.4646
o 8 0.500 0.150 | 0.611 0.0578 0.5070 0.6898
Fme 8 0.500 0.150 | 0.361 0.0396 0.2985 0.4272
Komi 8 0.500 0.150 | 0.410 0.1094 0.2531 0.5856
o 8 0.500 0.150 | 0.379 0.0406 0.3138 0.4400
o 8 0.500 0.150 | 0.355 0.0433 0.2960 0.4251
oL T 7.500 2.000 | 9.047 0.8465 7.7603 10.4682
b 8 0.650 0.150 | 0.477 0.0344 0.4256 0.5376
5" r 5.000 1.500 | 2.720 0.6070 1.8210 3.6960
ca r 0.200 0.075 | 0.148 0.0286 0.1076  0.1924
PR B 0.800 0.100 | 0.869 0.0188 0.8377 0.8987
- N 1.700 0.150 | 1.821 0.0726 1.7331 1.9443
Ty N 0.125 0.150 | 0.074 0.0392 0.0133 0.1345
Ny r 1.500 0.250 | 1.197 0.0892 1.0401 1.3269
e r 1.500 0.250 | 1.231 0.0855 1.1179 1.3705
n; r 1.500 0.250 | 1.511 0.1260 1.3140 1.7057
ny r 1.500 0.250 | 1.552 0.1062 1.3557 1.6983
o} r 1.500 0.250 | 1.156 0.0527 1.0694 1.2513

8 0.330 0.100 | 0.367 0.0584 0.2955 0.4819
recshare,% | T 0.100 0.075 | 0.027 0.0057 0.0180 0.0358
bshare 8 0.750 0.075 | 0.858 0.0265 0.8171 0.8987
F,% 8 0.250 0.050 | 0.113 0.0206 0.0787  0.1447
Pu, 8 0.500 0.100 | 0.646 0.0470 0.5785 0.7337
pe B 0.850 0.075 | 0.880 0.0174 0.8531 0.9058
ot B 0.850 0.075 | 0.694 0.0184 0.6659 0.7251
pee 8 0.850 0.075 | 0.878 0.0232 0.8391 0.9141
Pen 8 0.850 0.075 | 0.893 0.0222 0.8567 0.9259
s B 0.850 0.075 | 0.758 0.0161 0.7334 0.7867
Pg B 0.850 0.075 | 0.851 0.0418 0.7806 0.9196
P 8 0.850 0.075 | 0.857 0.0276 0.8069 0.8920
all N 0.500 0.500 | 0.919 0.0223 0.8834 0.9540
a22 N 0.000 0.500 | 0.022 0.0899 -0.1176 0.1722
a33 N 0.500 0.500 | 1.004 0.0347 0.9460 1.0604
al2 N 0.000 0.500 | -0.208 0.1231 -0.3964 0.0097
al3 N 0.000 0.500 | -0.273 0.1090 -0.4518 -0.1072
a21 N 0.000 0.500 | 0.045 0.0223 0.0094 0.0813
a23 N 0.000 0.500 | 0.368 0.0893 0.2209 0.5135
a24 N 0.000 0.500 | 0.117 0.0720 0.0018 0.2331
a3l N 0.000 0.500 | 0.026 0.0112 0.0093 0.0427
a32 N 0.000 0.500 | -0.005 0.0365 -0.0687 0.0520
a34 N 0.000 0.500 | 0.166 0.0275 0.1221 0.2086
21 N 0.000 0.500 | 0.308 0.1308 0.0747 0.4894
31 N 0.000 0.500 | -0.027 0.0486 -0.1006 0.0476
32 N 0.000 0.500 | 0.127 0.0555 0.0383 0.2194
24 N 0.000 0.500 | -0.209 0.1008 -0.3788 -0.0553
34 N 0.000 0.500 | 0.143 0.0305 0.0953 0.1908

Table Al. Estimation results. Parameters.
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Prior Posterior

Distr. Mean S.d. | Mean S.d. 5% 95%
jos Inv-T" 0.15 Inf 0.324 0.0474 0.2445 0.3990
15 Inv-T" 0.50 Inf 0.535 0.0634 0.4390 0.6428
T Inv-T" 0.50 Inf 0.311 0.0510 0.2314 0.3970
CC Inv-T" 0.15 Inf 0.191 0.0274 0.1470 0.2345
Ch Inv-T" 0.15 Inf 0.458 0.0651 0.3541 0.5610
(7) Inv-T 0.15 Inf 0.587 0.0837 0.4458 0.7210
€R Inv-T 0.15 Inf 0.134 0.0140 0.1112 0.1558
g Inv-T" 0.50 Inf 0.921 0.0955 0.7594 1.0709
Td Inv-T 0.15 Inf 0.155 0.0363 0.0951 0.2086
7T Inv-T" 0.15 Inf 0.255 0.0475 0.1831 0.3291
Tme Inv-T 0.15 Inf 0.389 0.1292 0.2083 0.5616
Tme Inv-T" 0.15 Inf 0.184 0.0652 0.0901 0.2850
Tme Inv-T" 0.15 Inf 0.137 0.0325 0.0829 0.1878
¥ Inv-T" 0.50 Inf 0.450 0.0543 0.3619 0.5387
y* Inv-T 0.50 Inf 0.298 0.0632 0.1970 0.4031
T* Inv-T 0.50 Inf 0.199 0.0263 0.1564 0.2434
R* Inv-T" 0.50 Inf 0.243 0.0669 0.1340 0.3467
ME (spread) I 4.00 0.25 4.049 0.1807 3.7750 4.3393
B[E(N) r 3.40 0.25 5.184 0.0379 5.1306 5.2395

Table A2. Estimation results. Standard deviation of shocks.

Means Standard Deviations

Data Model Data Model
Domestic. Inflation 1.69 2.00 1.84 3.61
CPlinflation 1.50 2.00 1.38 3.72
Invest. price inflation 1.52 1.80 2.14 3.79
Nom. interest rate 3.74 4.25 1.73 3.42
GDP growth 0.42 0.42 0.96 0.86
Real wage growth 0.64 0.42 0.72 0.67
Consumption growth 0.41 0.42 0.78 0.99
Investment growth 0.65 0.47 2.97 4.10
Real exch. rate growth 0.25 0.00 2.77 2.80
Total hours growth -0.02 0.00 0.56 0.82
Gov. cons. growth 0.08 0.42 0.95 1.09
Exports growth 1.05 0.42 2.44 2.44
Import growth 0.89 0.42 2.63 2.05
Stock market growth 1.13 0.42 10.74 9.94
Interest spread growth 0.24 0.00 13.06 25.00
Unemployment growth -0.43 0.00 4.47 8.05
Foreign GDP growth 0.31 0.42 0.64 0.53
Foreign inflation 1.81 2.00 1.01 1.30
Foreign nom. int. rate 3.79 4.25 1.11 2.71

Table A3. Data and model moments (in percent).
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Shocks/Variables Pid Pic Pii R dy dw dc di dq dH dG dexp dimp dn dspread dunemp y* pi* R*

Stat. neutr. tech. 5.2 3.8 3.6 1.6 167 02 57 01 43 274 00 00 32 10 1.4 23.0

Stat. invest. tech. 0.0 0.0 0.0 0.0 0.0 0.3 02 224 01 2.6 0.0 0.0 78 180 19.3 3.0

Consumption pref. 1.0 15 2.9 1.0 9.3 0.0 528 04 6.7 107 0.0 0.1 3.9 0.9 11 5.4

Labor pref. 0.9 0.7 0.8 0.3 28 07 15 00 11 95 00 00 04 03 0.4 18.0

Monetary policy 0.2 0.3 0.6 50.0 5.4 04 105 108 11 0.7 0.0 0.1 46 194 16.9 4.2

Gov. consumption 0.1 0.1 0.1 0.1 41 01 06 00 01 52 813 00 08 00 0.0 4.3

Domestic markup 83.4 325 9.9 16.6 34 795 55 0.7 0.0 4.0 0.0 0.0 0.3 1.7 0.1 5.1

Export markup 0.3 0.2 0.2 0.2 105 0.7 15 0.1 02 144 00 789 272 0.0 0.0 13.0

Cons. import mkup 0.2 54.7 0.0 28.9 00 01 66 15 25 08 00 00 56 45 3.8 0.5

Invest. import mkup 0.1 0.0 64.5 0.0 0.8 0.0 0.0 0.3 0.1 0.6 0.0 0.0 11 2.2 23 0.7

Export import mkup 0.0 0.0 0.0 0.0 10.7 0.3 0.1 0.0 03 138 0.0 13 114 01 0.1 13.4

Entrepreneur survival 0.0 0.0 0.1 0.0 31 00 08 490 06 01 00 00 38 451 492 0.3

Risk premium 0.4 1.8 5.9 11 20 00 12 07 695 25 00 1.0 14 02 0.2 23

Unit-root neutr. tech. 0.0 0.1 0.6 0.1 126 10 44 33 00 00 101 09 21 64 53 0.6 54.3 8.8 62.5
Foreign output 0.0 0.2 0.5 0.1 0.2 0.1 0.1 0.1 2.0 0.3 0.0 29 2.7 0.2 0.2 0.4 45.8 16.0 1.9
Foreign inflation 0.0 0.0 0.0 0.0 02 00 01 00 00 02 00 14 04 00 0.0 0.1 0.0 75.2 18.4
Foreign nom.int. rate 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 17.2

Variance decomposition. 1 quarter ahead (in percent).

Shocks/Variables Pid Pic Pii R dy dw dc di dq dH dG dexp dimp dn dspread dunemp y* pi* R*

Stat. neutr. tech. 15.7 11.6 10.0 16.9 125 22 7.3 0.6 43 218 0.0 0.1 53 1.2 1.4 17.5

Stat. invest. tech. 0.3 0.3 0.4 0.2 11 07 03 175 00 24 00 00 69 185 19.0 2.7

Consumption pref. 5.4 6.4 8.7 16.6 9.5 11 499 18 62 113 0.0 0.3 4.4 1.0 1.0 8.6

Labor pref. 33 2.6 23 4.0 25 23 1.8 0.2 1.0 7.7 0.0 0.0 12 0.3 0.4 135

Monetary policy 0.9 11 17 20.6 5.0 14 100 95 1.0 3.1 0.0 0.2 47 202 179 5.7

Gov. consumption 0.2 0.2 0.2 0.6 33 0.4 0.7 0.1 0.1 39 771 0.0 1.0 0.0 0.0 3.0

Domestic markup 63.2 243 6.8 115 39 630 6.1 0.7 0.2 55 0.0 0.1 0.4 19 0.1 7.6

Export markup 0.6 0.5 0.4 1.9 121 24 1.6 0.2 02 166 00 783 255 0.0 0.0 17.0

Cons. import mkup 0.5 41.8 0.0 16.2 0.2 3.6 8.2 1.4 24 0.9 0.0 0.1 5.9 4.8 3.9 0.6

Invest. import mkup 0.3 0.1 45.2 0.1 0.8 0.1 0.0 0.5 0.1 0.8 0.0 0.0 12 2.3 2.2 0.9

Export import mkup 0.1 0.1 0.2 0.2 119 0.7 0.2 0.0 03 1438 0.0 22 109 01 0.1 12.7

Entrepreneur survival 0.3 0.3 0.3 0.2 5.0 05 09 565 05 06 00 01 78 431 481 0.7

Risk premium 13 3.2 8.5 5.4 3.0 0.6 1.9 13 718 40 0.0 1.9 1.8 0.2 0.2 4.3

Unit-root neutr. tech. 1.9 4.1 7.9 45 159 92 41 34 01 14 153 24 29 63 5.6 L&) 62.8 38.6 94.4
Foreign output 0.4 0.6 1.2 11 0.2 0.1 0.2 0.2 1.8 0.4 0.0 2.7 21 0.2 0.2 0.3 36.2 12.0 1.4
Foreign inflation 0.0 0.1 0.1 0.1 0.2 0.0 0.1 0.0 0.0 0.2 0.0 14 0.6 0.0 0.0 0.1 0.9 48.9 1.9
Foreign nom.int. rate 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.5 2.3

Variance decomposition. 8 quarters ahead (in percent).

Shocks/Variables Pid Pic Pii R dy dw dc di dq dH dG dexp dimp dn dspread dunemp y* pi* R*

Stat. neutr. tech. 133 10.1 8.7 147 125 25 7.9 0.8 43 215 0.0 0.2 5.2 1.2 1.4 17.3

Stat. invest. tech. 1.0 0.9 0.8 1.0 11 0.7 03 162 0.0 2.4 0.0 0.0 6.8 187 19.0 2.7

Consumption pref. 53 5.9 7.6 19.0 10.0 12 486 20 6.2 114 00 03 43 1.0 1.0 8.7

Labor pref. 3.0 2.4 21 4.1 25 2.3 2.0 0.2 1.0 7.7 0.0 0.1 12 0.3 0.4 134

Monetary policy 0.9 11 1.7 125 5.0 1.4 9.7 9.4 1.0 3.4 0.0 0.2 49 201 17.7 5.9

Gov. consumption 0.2 0.2 0.2 0.6 3.2 0.4 0.7 0.1 0.1 39 772 00 1.0 0.0 0.0 3.0

Domestic markup 52.9 20.7 5.8 6.9 40 625 59 0.7 0.2 5.6 0.0 0.2 0.5 1.8 0.1 7.7

Export markup 0.5 0.4 0.4 1.4 120 24 16 02 02 164 00 781 245 0.0 0.0 16.8

Cons. import mkup 0.4 35.8 0.1 10.3 0.2 35 8.0 1.4 25 0.9 0.0 0.1 5.8 4.7 3.9 0.7

Invest. import mkup 0.3 0.1 38.8 0.1 0.8 0.1 0.0 05 0.1 0.8 0.0 0.0 12 23 2.2 0.9

Export import mkup 0.1 0.1 0.2 0.2 118 0.7 0.2 00 03 146 00 23 104 01 0.1 12.5

Entrepreneur survival 5.2 5.0 5.3 1.6 5.2 0.5 21 564 05 0.8 0.0 0.1 9.4 430 48.4 0.8

Risk premium 1.2 3.0 8.1 35 3.0 0.7 2.2 18 717 40 0.0 21 21 0.2 0.3 4.2

Unit-root neutr. tech. 10.8 113 13.8 22.8 158 9.3 4.2 4.5 0.1 15 152 24 3.2 6.3 55 2.0 62.5 46.6 92.1
Foreign output 0.3 0.6 1.2 0.9 02 01 03 04 19 04 00 27 23 02 0.2 0.3 36.5 12.8 53
Foreign inflation 0.1 0.1 0.1 0.2 0.2 0.0 0.1 0.0 0.0 0.2 0.0 14 0.6 0.0 0.0 0.1 0.9 40.0 1.0
Foreign nom.int. rate 0.0 0.0 0.1 0.1 00 00 00 00 01 00 00 00 00 0.0 0.0 0.0 0.1 0.6 1.6

Variance decomposition.

20 quarters ahead (in percent).
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Figure A. Graphical illustration of the goods production
part of the model.
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Figure B. Graphical illustration of the labor and capital
markets of the model.
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Each worker experiences
idiosyncratic, iid
productivity shock. Least

Stock of employees in
each agency reduced by
exogenous separations &
increased by new arrivals

*Firm surplus, or
*Total surplus

Aggregate

efficient are fired based on:

Vacancies posted

Agency employees
sent to work

shocks
realized

|

Wages set
«If it is time to bargain, choose wage to solve a
Nash bargaining problem

*Otherwise, do simple updating

t+1

Hours worked set according to
an efficiency criterion:

Marginal value of worker to
agency = marginal cost of
labor for worker

Figure C. Timeline for labor market in employment friction model.
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Figure E. Smoothed shock processes, except epsR which is the
innovation to the monetary policy rule.
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Monetary Policy Shock
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The units on the y-axis are either in terms of percentage deviation (% dev.) from steady state, annualized basis
points (ABP), or level deviation (Lev. dev.).
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Stationary Neutral Technology Shock
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Stationary Investment Technology Shock
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B. Appendix
B.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

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

St

Zt .
21 - :u’z,t'
The variable, ¥,, is an embodied shock to technology and it is convenient to define the

following combination of embodied and neutral technology:
b o= U,
Mooy = fyf Moy (B.1)

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

scaled like most other nominal variables. Thus,

ktJrl = @7 _t+1:&7 7’:51: I_td thi Zm:ILm
2, 2 0, 2 A A
' = %’C?:C_td Ct:g 9t = G U_JtZ—Wt ay = Sl
zt PAN PAN 2 2P’ Pzt
RS X_in7 It:ija Vo, = 0Pz, (y :)?Jt:zfra ﬁtzﬂ, wtzﬁv /= Di .
2z 2y ’ 2z P, W, TFE T Pt

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

as py; and we define the scaled real rental rate of capital as 7 :

—k k
Pkt = \I]th’,tu Ty = \Ijtrt-
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where Py, is in units of the domestic homogeneous good. We define the following inflation

rates:
c *
T, = Pt 7 = Pt Tf = Pt
- y e — c 0 e — x
Py P, P,
% X m?j
- Pt ﬂ_ac_Pt m,j_Pt
t R t x t - m,j
Pt—l Pt—l Pt—l

for j = c,z,i. 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,

m,T Ptm’m m,c Ptm7c m,e Ptmﬂ
’ PR YV — - B.2
pt Pt ) pt Pt ) pt _Pt Y ( )
Tz Ptx c PtC i ‘I’tf)tz
pt - Pt* 9 pt - Pt 9 pt - Pt .

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
7 = ¢, and in the production of final investment goods in the case of j = i. When there is
just a single superscript the underlying good is a final good, with j = x, ¢, corresponding
to exports, consumption and investment, respectively.

We denote the real exchange rate by ¢ :

q = S}?* (B.3)
B.2. Functional forms
We adopt the following functional form for a :
a(u) = 0.504,0,u* + 0y, (1 — 04)u+ oy ((0,/2) — 1), (B.4)

where 0, and o}, are the parameters of this function.
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The functional form for investment adjustment costs, as well as its derivatives are:

S@) = 5{ew [VE @ —pomy)] +ep[VE (@ pp)] ~2} (B
= 0, 2= i, pg.

S (x) = % " {eXp [\/5(93 - umw)] — exp [—\/5(:6 - uz+uw)} } (B.6)

= 07 T = Pyt g

S"(x) = %S” {exp [\/E(x = ,UZ+,U«\1/)i| + exp [—\/5(95 - Nﬁﬂm)]}
= 5 x= Hozt g

In the employment friction model we assume a log-normal distribution for idiosyncratic

productivities of workers. This implies the following:

o0

E (&g;aa,t) = / adF (a;0,4) =1 — prob [U < (B.7)

a; Ua,t

log (d{) + %agﬂt B Ua,t] |

where prob refers to the standard normal distribution and eq. (B.7) simply is eq. (4.6)
spelled out under this distributional assumption. We similarly spell out eq. (4.7):

log(éj)+%ar2l
2

| @ I e
F(a';0,) = / dF(a;0,) = E/ exp > dv (B.8)
0 Vv —o0

log (a) + %ai}

= prob lv <
Oa

B.3. Baseline Model

B.3.1. First order conditions for domestic homogenous good price setting

Substituting eq. (2.7) into eq. (2.6) to obtain, after rearranging,

A
s . P i 1_>\d—1 P i Xg—1
E J P...Ye, »trd _ ) ntrd
t E 5 VLt t+j{( Pt+j) Mmciy ( Pt+j }7

j=0

or,
—A

> y NG .Y =
Etzﬁ Ut+jpt+jyt+j{(Xt,jpt) AL — MCy (Xt,jpt) a1}

Jj=0
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where

Pit ) Tt Tdt+l - >0
9 +] ~ J— ) j
D XiiDt, Xij = Tty A1

t+j 1, j=0.

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

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

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

obtain:
o0

Ep Y (880) Avy [ X0y — damery;) = 0,

J=0

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

At+j = ¢z+,t+jyt+th,j-

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

obtain, .
o B (B8 Avjdamen; K

by = ) ; — d>
! E, Zj:g (de)] At+th,j Ftd

say, where

o0

Kl = E Y (8&) Ajramen
=0

F! = E Y (B&) AiXi;

j=0

These objects have the following convenient recursive representations:

) -
- Tdg+1 | T
Ey ¢z+,tyt + <i) ﬁngtil - Ftd =0
Tt41
g T
. 7 =)
By | Aath+ gemer + 54 ( ;’Hl) Kf, - K!| = 0.
41

Turning to the aggregate price index:

1 1 (1=Xa)
P, = { / Pz;*ddz'l (B.9)
0

O . 10-29)
= {(1 —&) B +E, (ﬁd,tptﬂl‘*d}
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After dividing by P, and rearranging:

1
1— (M) 1=2a
gd Tt _ (p;i)ﬁ .
1-¢,

(B.10)

In sum, the equilibrium conditions associated with price setting for producers of the

domestic homogenous good are:’

) -
Tapr1 |
Ey |+ 9 + (W—Jr) deFtCi-l - Ff =

t+1

Ad

Taerr ) T
Ey | A+ yyemes + BE, (%) th+1 - K| =
t+1

~ )\d
1—¢& (”L) o 7 =
™ dit o d
pe=|(1-¢&) 1 gd +&a (W—tpt1>
_ 1 (1—)\d)
1-¢&, (%) o K?
1-¢, S F

Fay = (mn)"™ (75) 1077 ()%

B.3.2. First order conditions for export good price setting

~X

1

e 1-Ag

c, T t+1

¢z+,tQtPtPt T + < p ) 5590Fx,t+1 - Fx,t
Ti+1

Ey

Az

~ T
e 1-Ag
c. T x t+1
Ax¢z+,tQtptpt remcey + BE, <—z ) Kx,tJrl - K:c,t
t+1

Ey

19When we linearize about steady state and set s¢; = 0, we obtain,

~ ~c ﬁ N ~c Rd “ ~c
Ty — Ty = 1_~_/<,dﬁEt (Trt*’l_ﬂ—t—l-l)—’—m(ﬂ—t*l_ﬁt)
l{dﬁ (1 — pw)i\c
-,
1+ kaf3
1 1-— 1—
( de)( £d) TTL\Ct,
1+ kaf €a

where a hat indicates log-deviation from steady state.
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_ i R Ay
. P T\
= - | — e, ( L ) (B.15)
T t
- B 1 (1_>\x)
e @™ .
T4 z,t
=% B.19
1— ggc F:c,t ( )
B.3.3. Demand for domestic inputs in export production
Integrating eq. (2.23):
1 J )\ Ny 1
Xidi = 1 —w, Xidi B.20
[t = () 0w [ (820)
_/\zt
A M ! P; =t di
N < T RT > (1 _Wm)thO ( t)kmt :
i RY Py wagi
Define ]035”, a linear homogeneous function of P} :
Ag,t—1
° 1 _)‘zt _’\z,t
pr = [/ (Pr) s 1dz} |
0
Then,
7>\Lt 7)‘zt
Agg—1 / Px Py dZ
and
7)‘:1;,15
[ i ( ) X (B.21)
where
r P
pt i Px’

and the law of motion of py is given in (B.18).
We now simplify (B.21). Rewriting the second equality in (2.20), we obtain:

A Stptx [ m,z\1—7 l—lnz
X T = Co T wx p ’ ’ —"_ 1 o wm :| b
Pri R P,qipip; (t) ( )

or,
A Sth [ m,r\1—n 171":1;
T pT Py PF PF $(pt7) L+(1_w$)} )
BriRy ﬂtcﬂp
or,
)\ 1

m,r\1—n 1-ng
= x 7 ‘ 1 —w, :| .
B = @ ) (- wa)
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Substituting into (B.21), we obtain:

1
Xt = [ Xt = o Gy ()] T -
0

Nz

B.3.4. First order conditions for export good price setting

1 -
,ﬁ.mvj 1*>‘m,j
m,j—j t+1 .
Ey ¢z+,tpt =+ “mg 5§m,ij,j,t+1 — Fonjt = 0
Ti+1
Am,j ]
ﬁ_m,j =X,
mvj m:j’:‘] t-‘r]. o
Ey )\mvjwzﬂtpt meg Uz o+ ﬁfmj “mg K i1 — Kpjel = 0,
m
t+1
lfAmyj
. 1 )\m,j N i ’\m,j
1 —f ﬁ;nd ey y 1_:1,3 :
m] m’j 7_‘_m,j p »J m] m,]
om,j) __ t oMM,
by = (1 - fmj) 1—¢ + fm,j my Pe—1
m,j i
i 7 (=A)
7'('t > ~m,g
]. gm,] <7.r;77«vﬂ> B Km,j,t
- )
1 é-m,j sz.j:t
for j = c,4,2.2° Here,
m -
' j=c
=] _ mo g
=t = Ty ]
o
wrog=1
20When we linearize around steady state and s, ; = 0,
~m,J ~c /8 ~m,J ~c K/md‘ ~m,j ~c
T = (7Tt 1T 1) t (ﬂ-t—l _ﬂ't)
1+/€m,jﬁ + + 1+H7n,jﬂ
’L{’mvj/B (1 — pﬂ’)’—\c
-,
1 + Hm,jﬁ
1 (1= Bmy) (1 =&mj)
+ me, 7,
1+ K‘m,jﬁ gm,j
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B.3.5. Wage setting conditions in baseline model

Substituting eq. (2.50) into the objective function eq. (2.49),

~ Aw 1407,
Wi tri Tawpt1 | 1—Aw
B3 (B,) (=i -
t TSt L
- w —+1 1 + or
=0
Mg
Tr ~ ~ 1-Aw Yy
W ~ ~ Wtﬂ'w,t-i-i C o T+l H 1- Titi
FUGiWiTw i+ Tw 41 W T ],
ti + Tt
It is convenient to recall the scaling of variables:
W, Y; ~ 2
_ + vt~ Tt _ + _ i
wer,t—'UtPtZt , W = T ’yt——Jr, wt—Wt/Wt, n —\Ijt aZt.
2 Py 2z
Then,
WiTtwiti =+ Twit1 WiTtwtri** Twgrr W X
- =+ - 5t b
Wigi thZHiP t+i Wyyizy Py
W, (Wt /Wt> @, (Wt /Wt) o
t Wt
- — + Xt,i = — X g — Xt,i;
Witz by Wy Wiy
where
7hf_w,if—i—i T 7~rw,t+1 .
Xtﬂ‘ = , 1> 0
i Tigi—1 " T Lot g * 0" Hat 41
= 1,i=0.

It is interesting to investigate the value of X, ; in steady state, as ¢ — co. Thus,
Ruw [ _ _ (1—kw—2w) [vi\*w N
X, — (g mi)™ (Ffr - Ty) (7)™ (uis)
ti =

T Tdi—1 " T L+ g1 " Mot 41

In steady state,

Xt = —%, 4

J
T+

(Z) G
0

)

B

3

—

in the no-indexing case, when 7 = 1, 5, = 1 and 9,, = 0.
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Simplifying using the scaling notation,

Aw 140y,
- T— o
= | ((g—th) Hm)
E]Y (BE,) [—ChaAL
=0

%

A
_ _ P y

WW¢ WWy 1= 1 - Tt—‘ri

+ii Wi - Xii < — Xy Hypi——F]

t4i Wi+i

Aw 1+oyp,
7 1-Aw
- ((g—th) Htﬂ-)
E] ) (B&) [=CiuAr
=0

%

or,

_ Wy Wy 12w 1 =71y
RN TS, OF ( - Xt,i) Hypi——],

Wi+i ;
or,

ELY (B8,) [—CruAL
=0

7

_ e y
12 Wy 12w 1=y
4 Wy Y Xy Xt Hy——F],

Differentiating with respect to wy,

Aw 140y,
oy T—Aw
; [e%) . . ((wtﬂ Xt,i) Ht+1> #(lJrUL)fl
E; Z (B&w)" [-CiiAL Aw (1 +0p)w ™

1=0

w
Aw w 1-w ]_ — Ty .
T—Aw - t t+1
FYot Wy WX ( Xt,i) Hipj——]=0
Wt

Dividing and rearranging,

oo -~ 1377;\11” 140y,
ELY (B€,) [=CluAL (( - Xm-) Hm-)

w .
i=0 b

Ay
Y 1-Aw(lt+oy) 7 Y 1 — 7Y
D e s v v Wy v Ttti
+———w W X (—_ Xt,z’) Hypyi——=] =0

t
Aw Wi

Solving for the wage rate:

Aw 14or
j oo i W 1—Aw
1-2w(14oy) Eg Zi:o (Bfw) C?—HAL << Xt,i) Htﬂ')

=5 Wi
wt o = A
w
J 0 i Vot ihi - e e =Ty
Et Zi:O (ng) Ao tht,l <wt+i Xt,l) Ht—i—z 17y
o ALKw,t
Wy ¢
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where

S i rh Wy =i .
Kwyt = L Bfw) <t+z‘ P Xt,i H
0 Wi

1=
o0 Aw

sy (@ \TRe  1-7,
Fpr = E (BEL) )\’t+ Xt tXt,i Ht+z1—t+-
0 w + t+7,

Wi

1=

Thus, the wage set by reoptimizing households is:

1—Aw
|:ALKw,t:| 1-Aw(1+or)
Wy = .

thw,t

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

0 Aw 1+op,
1— Ay
Kue = E Z BE.) ctH(( th> HtH)

W4
=

(1 ) 9 Aw 1+UL
we ()™ () T ) )™\ T
— ChHTE 4 Be < e ()™ (%) : Hys
W1 Ti1 K+ 41
a ) 9 Aw 1+op,
_ K _ _ —Rw—Xw) [ v2\Hw w\ 1=Aw
2 h Wy (Wfﬂfﬂ) ) (7T§+17T§+2) (77) (“;) H
+(B€,)" Cria - 42
42 T 2T 1 ot trolbat p41
+...
or,
A
— (1_’§w_%w) v\ It 9 ﬁ(l—‘rgl’)
7T.c Ruw 71_c 7T w w
Ky = GH™™ + BfE, ( e ()" (7 ) ) {ClnHLT
Wigq Tt+1 o+ 41
(1 ) Do\ Tob o
_ K _ —RKw —X v 1—-Aw
Wiy (7T§+1) h (7T§+2) v (W)%w (Nz+) b h
+B¢, - Hio Cipo -}
W42 T2+ 142

A
- Kw (= (I—Kw—3w) ;o\ 9 =% (1+oL)
o wy (7)™ (7 () ()
= ¢ H " L+65U,Et( e ()™ (7in) - Koy

Wi+1 Ti+1 M+ 41

T t11 A (140y)
hyl+o w,t+ Aw
= (G H P+ B Ey ( ) Koy it1,

Tw,t+1
using,
— + —
Wit W21 Prn Wepa i g1 T
Twt+l = = E—— = — (B26)
Wi w2y Py Wy
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Aw

- R, Wy =w 1 -7,

Fp:+ = E BEy) =X | —— Xt Hppj—t

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

t+1

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

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

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

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

1-Aw

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

1_£w (::i)m
1_£w

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

. 171)\ 1-Aw(l4+o0yr)
-G ()T
AL 1_€w

Wl = Kyt

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

1
he = / hjydj.
0

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

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

aggregate household hours,

H ! D
= —txw/ (Wia) T2 dj
(W)= Jo
Aw
— B, (B.27)
where -
Wt /1 Aw Aw
= —, W, = W. ) 1T2w d
i = g5 o= | [ 07075 d
Also,
Aw Ay 1}2}“
~ T w - T—w
Wt = |:(]' - gw) <Wt) + Sw <7Tw tWt—1> :| 5
so that,
— A 1;>\w
Aw ﬁ-wt 1=2w v
wy = |(1=¢&,) (w) e +§, <_7w“) ]
7Tw,t
i 1=
B )\w Aw
Tw,t | 17 w w
L - éw (ﬂ'w’t> 7?wt o 1i>\w
= |(1-¢&,) : +&, <—’wt_1) . (B.28)
1- é.w w,t
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In addition to (B.28), we have following equilibrium conditions associated with sticky wages®':

Aw
Vot o —p24, 1—1¢ W1\ (T ) T
Foy = —"tap, T h L4 B¢ E = F, B.30
R )\w t tl—l—T%‘) 6511; t U_)t Tt t+1 ( )
Cow N\ e Fores | T hw (L)
Ky =Ch (wt A ht) + B¢ Ey (ﬂ“” ) Kuyi1 (B.31)
w,t+1

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

’lI)tFwﬂg — Kw,t‘ (B32)

B.3.6. Output and aggregate factors of production

Below we derive a relationship between total output of the domestic homogeneous good, Y;,

and aggregate factors of production.

21 Log linearizing these equations about the nonstochastic steady state and under the assumption of s, = 0,
we obtain N N N » e
NoWi—1 + 1MW + oWt + 13 (Fe — T4) + 1y gﬁt—&-l — pzeTy)

+n5 (FE_y = 7p) + 16 (7% — paeTry) .
070+ 4 +778[:It +197] + 107t + 111G
0okt ¢+ Mghlot 11

E, =0, (B.29)

where
b _ [)\wUL — (1 — )\w)]
Y [(1 - ng) (1 - gw)]
and
bw
Mo whw
m (O'L/\w — by (1 + ﬂé-?u))
iy buBE,,
173 _bwgw
774 b’wﬁgw
N5 bwgw’iw
’I’]G . _bwﬁf/wli’w
777 - (1 - Aw)
g ~(1=A)atm
M0 —(1 = X) gy
M1 —(1—=2Ay)
M2 —bwé,,
USE! by BE,,
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Consider the unweighted average of the intermediate goods:
1
Y;sum — / Y;’tdZ’
0

1
= \/0 [(ZtH@t)lia Etth — Z:_ ] dl

1 K (67
= 2% <—”) H; —zﬂzﬁ} di
[ () e

1t
KN\® [!
= ztl_aet <Ez) /0 Hydi — 2 ¢

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

regardless whether or not they have an opportunity to reoptimize. Then,
Vo = sl e K HI® — 5

Recall that the demand for Yj, is

A

PN _ Y,
P.) Y

so that R
1 1 P bN il >‘d ° id
}/t:/Y;tdZ:/Y;g( t)d dl,zx/tpt)\d—l(P]JlAd7
0 ' 0 Pi,t
say, where
. VIR S
P, = [ / Pl dz'] : (B.33)
0
Dividing by F;,
1-Xg
SO
fd —_— 1 ;
Dt ; f2)
or,
1-2y
Fae ) T-*g Ad Mg h
) 1-¢, (ﬂ'_t> Tt o 1=d
Dy = (1 — fp) ¢, +&, ﬂ__tptfl . (B.34)

The preceding discussion implies:

A o A

-1 o\t —a «a —«
Y, = (ﬁtyd*l Y= (pt) Aa~t [Ztl el Htl - Zt+¢] )
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or, after scaling by z;",

L d 1 1 @ _a
Yt = (ptyd*l |:€t <— kt) Htl - 4 )
Mg ¢ oo+

where

kt = ];:tut. (B35)

We need to replace aggregate homogeneous labor, H;, with aggregate household labor, h;.
A

From eq. (B.27) we have H, = ), ﬁht. Plugging this is we obtain:

S 1 1 * o w 1
Yy = (pr)2a 7 e <— kt) <wt Fw ht) - 9| .
Mg g oot

which completes the derivation.

B.4. Equilibrium Conditions from the Employment Frictions Model
B.4.1. Labor Hours

Scaling (4.4) by Pz, yields:

0, G = (L ALSTE (B.36)

l—Tty

S TTrE
Note, that the ratio '
gt

oL
it

)

will be the same for all cohorts since no other variables in (B.36) are indexed by cohort.

B.4.2. Vacancies and the Employment Agency Problem

An employment agency in the i*" cohort which does not renegotiate its wage in period t sets
the period t wage, W;;, as in (2.47):

Wit = FuwiWicti1, Fuws = (m_1)™ (@) 57 (1) (0,0 )" (B.37)

fori =1,..., N — 1 (note that an agency that was in the i"* cohort in period ¢ was in cohort
i — 1 in period t — 1) where Ky, 30y, Yy, Ko + 54 € (0,1) .
After wages are set, employment agencies in cohort ¢ decide on endogenous separation,

post vacancies to attract new workers in the next period and supply labor services, lic;;,
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into competitive labor markets. Simplifying,

N-1

=0 tTy,
+

Kz ., .
—Piyj :j (f’g)cp (1 - fwfj+j)]lg+3

U ~
8V E, ‘:NF (z§+N, WHN) ,
t

For convenience, we omit the expectation operator E; below. Let
Writing out (B.38):

Jr
Pw) = (06— (1= 7)) - AR ) (-0
t+J]o

(B.38)

+
+BE, “;“ [(WHESH —Tyawe (1= FLy)) Seer — Pm% (r0)7 (1 — ffﬂ)}

t

X (x;+p) [L-FE

Jr
v RZ -
+52Et ;+2 {(Wt+25152+2 - 1_\t,2W1t (1 - ft2+2)) St+2 — Pt+2%2 (Ut2+2

t
X (X +0) (X +p) (1= Fin) L=F) 1
NI
"‘BNEtUZLNF <Z?+N7Wt+N>}'
t

J(wy) = % A(WE? - w, (1_30))g0,t_ptz;g(@g)w[1_ft0}
t+J j=0

)7 (1= 7

(B.39)

+5U;+1 [(Wt+15t1+1 — Iy wy (1 — ‘7:1;1+1)) SlLt41 — Pt+1zg:_lg (@tlﬂ)so (1 B }—tlﬂ)} "

t

(#Q " +p) (1= F))

—i—ﬁz fh2 |:(Wt+2(€t+2 — L't owy (1 - ft+2)) $2,t+2 — Pt+22t++2g (ﬁt2+2)w (1 N ‘7:152”)} %

(@ tQt +p) (01 Qia +0) (1= Fi) [1 = F)
ot

+[3NUHNJ (Wt+N> (27? s P) (17t1+1Q§_L + :0) T (Ut+N 1Qt+1LV—1 T p) x

Uy

(1= F) -+ (1= 7))

We derive optimal vacancy posting decisions of employment agencies by differentiating
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(B.39) with respect to ¢ and multiply the result by (2/Q; ™+ p) /Q; ", to obtain:

0 = —Pz'k (Ut)w 1[1_'7:250] (BQ " +r) Q™
—1—51);;1 l(Wt—&-lgtJrl — [y 1wy [1 - ~7:t+1]) SLt+l — PtHZ;lg (T)tlﬂ)w (1 N EIH)} :
(7Q1 +p) [1 = 77

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

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

Uy

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

~Pfw ()7 [L= F (#Q1 +p) jQi™

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

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

t

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

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

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

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

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

condition for 0. After rearranging, we obtain,

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

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

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

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

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

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

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

Continuing in this way, we obtain,

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

+ (ﬁgijl-kl) -

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

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

11—
Qiyjt1

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

N-1

+ -1
PNz iy ak (Ut+N 1)

0 -
WinELny — Wirn (1= F2n) ) sopsn
1 Vi+N 1 (~0 )%’
t+N 1 t+N-1 | +Py N2 vk (~0 )@-1 o
1—¢
t+N Qirn

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

1—¢
t

Ptz;L/i (f)ﬁ)cp_l

Vt+1
B

[(leé’fff - Ft—j,j+1V~Vt—J ( ‘7:t+1 )> Sj+Lt+1

1Y ., o
-A) ((1-3) 6+ @ g )

N —2.

(%

+
+P1z 4K (

for j =0, ...,

Scaling by P,z;" yields the following scaled first order optimality conditions:

o 1
~j\ P 1
I{(Ut) 1— =
t
where
Gi—iiv1 =
Wy =

Also,

wz+ -
g (0 :ﬂ [(w DL — Giojyn W0 (1 75111)) <+1e+1(B.40)
zT,t
1 ~id1 ~jtr1yp—1 P
( J—"iff) ((1 - ;) ( ij-_l) + ('Ug—_l—'_l) = )]
t+1
for j=0,.... N — 2,
T t+1 """ T t—it1 ( 1 ) . ( 1 ) ,1>0, (B.41)
Tip1 s Tt oot t—it1 Mzt 41
W
Wt’ t — Z;rf)t
T t45 Tw,t+1 1 e 1 ]
Gt,j :{ T T4l (“z+,t+1> <“z+,t+a’> J= 0 . (B-42)
1 Jj=0

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

contract is:

1

1—
t

GRS A

5 ¢z+ 1
wz+,t

+h (1= Fa) <( - é) (#000)7 + (342)7 Qf+1)]~

— 1)) o (B.43)

[(wt+15t+1 Wi 1 Wil (1
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B.4.3. Agency Separation Decisions

This section presents details of the employment agency separation decision. We start by
considering the separation decision of a representative agency in the j = 0 cohort which

renegotiates the wage in the current period. After that, we consider j > 0.

The Separation Decision of Agencies that Renegotiate the Wage in the Current
Period We start by considering the impact of @’ on agency and worker surplus, respec-
tively. The aggregate surplus across all the [9 workers in the representative agency is given
by (4.18). The object, F7, is a function of @) as indicated in (4.7). We denote its derivative
by '
F = (B.44)
da;
for j = 0...N — 1. Where convenient, in this subsection we include expressions that apply
to the representative agency in cohort j > 0 as well as to those in cohort, j = 0. According
to (4.4), a) affects V,? via its impact on hours worked, <o ;. Hours worked is a function of a
because G is (see (4.5), (4.4) and (4.13)). These observations about V;° also apply to V7,

for j > 0. Thus, differentiating (4.13), we obtain:

; d s - 1—7 CiS5t
- J _ o . t J;t /
Vi = d_fzi‘/; = T iWiy 14 7v Ap v gt (B.45)
where p . W 1 — 79
o= Bar 2 (o o 0 2 T T G B.46
gjyt - dC_L‘Z o (gj’t> CtAL 1 + T%’U gt ) ( : )
and :
o dGl
i = 99 (B.47)
da]
The counterpart to (B.46) in terms of scaled variables is:
1 L Wwe e, 1 — 1Y
L= () TE AR Ly B.48
g]7t oL (gj,t) C’tAL 1 i T%U gt ( )

The value of being unemployed, Uy, is not a function of the @’ chosen by the representative
agency because U, is determined by economy-wide aggregate variables such as the job finding
rate (see (4.14)).

According to (4.12) agency surplus per worker in [ is given by J (w;) and this has the
following representation:

J (wy) = IQ%XJ (wsay) (1—F).

t
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Here, J (wy;a?) is given by (4.19) and

. . K ,_;
T () = max | {(Wtﬂgfill ~Timjjniwej) Sjerart — Pzl — (G )?}3-49)
IS .

x (1- ]:5111)

—|—5Zt+j l(Wt+2ggi§ — thj,j+2wt—j) Cjt42,t42 — PHQz;fmg (6ii22)<p]
t+

x (1=F5) (i +p) (1-F)

+...+

VIS (We ) (o + ) (L= FlRL ) o (i +0) (1= A,
for j = 0.

In (4.19) and (B.49), it is understood that X{Jrj? v}, ; are connected by (4.8). Thus,
the surplus of the representative agency with workforce, 19, expressed as a function of an
arbitrary value of @’ is given by (4.20). Differentiation of J with respect to d{ need only be

concerned with the impact of EL‘Z on gg’ and ¢ ;. Generalizing (4.19) to cohort j:

T (ormgiat) = e { (WG]~ To) s = Prs = (o) + 5422
t

~J
o v

(d 4 p) Ji <wt>} |

Then,

dJ (wt_j; d{)

=J
day

= (thf — Ty jjwij) et W.Gl's ;s (B.50)

T . A
Jaj (wt_j,a/t) =

where ¢’ , and G!" are defined in (B.46) and (B.47), respectively.

We now evaluate F7', G’ and g}vt, for j > 0. We assume that productivity, a, is drawn
from a log-normal distribution having the properties, Ea = 1 and Var (loga) = o2. This
assumption simplifies the analysis because analytic expressions are available for objects such
as ]-"t] ' Z ’. Although these expressions are readily available in the literature (see, for example,
BGG), we derive them here for completeness. It is easily verified that F has the following

representation:?

(@5 0a) = — oga ~(het)’
Fla;0,) = / e i dur,
TaV2T J—0o

where x = log a. Combining the exponential terms,

F(@00) = — / - w7 d
a’;0,) = —— exp oG x.
oV 2T J—0o

22Note that Fa = 1 is imposed by specifying Floga = —02 /2.
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Now, make the change of variable,

12
T — 0
v = 2 @
Oq
so that .
dv = —dx
04

Substituting into the expression for F:

log(&j +%o'(2l
2

—v

F (dj;aa) = \/%/ . exp 2 dv.

This is just the standard normal cumulative distribution, evaluated at (log (@’) + 102) /o,.

Differentiating F, we obtain an expression for (B.44):

1  (ros(a7) +43)°
S = (B.51)
The object on the right of the equality is just the normal density with variance o2 and mean
—02 /2, evaluated at log (a/) and divided by a@’. From (4.6) we obtain:

Jl
Fi =

&' — @ T (B.52)

Differentiating (B.47), ‘ , o
&' 1-F7)+&F
1A

gl _
y =

(B.53)

The surplus criterion governing the choice of @) is (4.21). The first order necessary

condition for an interior optimum is given by (4.22), which we reproduce here for convenience:

FOI

5,V + SeJq0 (Wﬁ&?) = [sw (\/;0 — Ut) + 5e (Wt;a?ﬂ 1_—1’/}_0,
t

where we have made use of the fact that the wage paid to workers in the bargaining period
is denoted ;. After substituting from (B.45) and (B.50):

5y (Wt 1—7f A Cﬁgﬁ

— /AL

1+ 7';” vy ) gi),t + Se [(th? - Wt) §6’t + th?/§07t] = (B54)

0/

[sw (V;O — Ut) + sej <Wt;dg)] ] ftﬂo.
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In scaled terms this is

1—7} (S0
Sw (tht Lo APt O’t) S0+ Se [(WG) — wWy) s, + WiGY'o,] =
L+ 7} 7vZ)z+,t ’ ’
e Fo
[sw (Ptz;“Vtht - UZ+,tPtzt+) + SeJ (Wt; EL?)] . t}_o
- t

_1—7 CiSos _
Ptz;“sw (wtwt—zj — Ar ! O’t) §6’t + Ptz;“wtse [(QE — wt) §67t + g,?lgo,t} =
14 7¢ ,Ivbz‘*‘,t
70 ik
Pz [ (Vz+t Uz+,t) + SeJZ+7t:| 1_—‘7_}0

Dividing through by P,z yields:

<‘/Z+ t Uz+,t>
—l—sejgu

f'tl)/
1— 77
(B.55)

1-7 CeSox _
Sw <wtwt w Ar : §€)7t+sewt [(Q? — wt) §I0,t + g,?/Co,t} =
1+ 7y wer,t

The Separation Decision of Agencies that Renegotiated in Previous Periods We
now turn to the (‘1{ decision, for j = 1,..., N — 1. The representative agency that selects EL{
is a member of the cohort of agencies that bargained j periods in the past. We denote the

present discounted value of profits of the representative agency in cohort j by th (wi—j) -

FJ lj,w,~ ; j (5
(i w) (tzg ) 2 o) - s | (VT —Tigins) 30— P (“M
x (1—F)

_,_5“;*1 [(Wtﬂggﬁ - Ft_j,j+1wt—j) Cj+1t+1 — Pt+12t++1::; (@gill) }
t
x (1= F) 6d +p) 11— F)
+...+
—|—5vat+v—jjjc] (Wt-i-N—j) (Xﬁrj\fl—l—j +p) (1= Flin- 1)

(Xl +p) (1= F)}

Here, we exploit that th (l{,wt_j) is proportional to l{, as in the case j = 0 considered in
(4.12). In particular, J/ (w,_;) is not a function of I and corresponds to the object in (B.49)
with the time index, ¢, replaced by t — j. We can write th (wi—;) in the following form:

T (wig) = ] (wigial) (1= 7).
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where

jt] (U)tfj; C_li) = (thf - Ft,jijt,j) Sjt — PtZtJrg (@g)w + BUZH th:_rll (wt,]’) (Xi + p) .
t

from a generalization of (4.19) to j = 1...N — 1.
In this way, we obtain an expression for agency surplus for agencies that have not nego-

tiated for j periods which is symmetric to (4.20):
Fl (wi—j) = J} (wejsal) (1—F]) 1. (B.56)
Our expression for total surplus is the analog of (4.21):
[0 (V7 = U) + 5.7 (wissad)| (1= F) 8. (B.57)
Differentiating,

1
Ji

A B.58
1= 7 (B.58)

sV + sedos (wiejsal) = [Sw (V7 = Uh) + st (wt‘j;ai)}

which corresponds to (4.22). Here, Jy; (wt_l; al ) is the analog of (B.50) with index 0 replaced
by j. After substituting from the analogs for cohort j of (B.45), (B.50):

1Y ¢,cOE 4 B .
Sw <Ft_j’th_jﬁ - AL Lot ) §;"t + Se [(thg - Ft—j,th—j> g;’,t + thg,gjut =
o0 (V= 00) 07 (gt | 25
Sw (V7! —Uy) + sed (Wt_-;agﬂ -,
J 1 _ H

Scaling analogously to (B.55) and plugging in Wt_j = wy_ W Pzt ; and Wzt P, = W,

we obtain:

o
1— T? o AL Ctgj’ll;

> §;,t + Se [(wtgg - Gt—j,ju_]t—jwt—j) §;,t + @tgg/@}@)

Suw <Gt—j,jwt—jwt—j

1+ T%U wz“',t
, » F
[sw (VzJ+,t — Uz+,t) + seJ;’t} - }_tj

Finally, we need an explicit expression for J <Wt; d{ ), or rather its scaled equivalent .J g+ »

For this we use (B.49) to write out J;} (w;) for j = 1...N and plug into (4.19):

jtj (Wt—j; d{) = (thg - Ft*])jwt*j) St — Ptz;rg (ﬁ{)w —+ BU;—l thjf (wt,l) (X{ + p)
t
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Redisplaying (B.49) for convenience:

" " K, iiive
thjl (wt) = maX N_l{ {(M/ngi:l - Ft—jj—i—lwt—j) Sj+1,t4+1 — Pt+1Z;Sr1— (Uiil) }
{ai-ki’ﬁz-&-i}i:j 80

x (1~ fiff)

Vt+2 j+2 + K ojt2\9
+6 [(Wt+2gt+2 - thj,j+2wtfj) Sjr2er2 — b t+22t+25 (Ut+2)

Ut41
x (1= F5) Oah +p) (1= F)
o+
+N U:::;j J (Wt+N—j> (Xi\-[ﬂvl—j—l +p) (1- Fgrj\fl—j—l) o

(i +p) = FDL,

Accordingly:

I (wigial) = (WGl —Tujjwij) sju— Bzl g ()" +8 U;H (x]+p){
t

Jj+1 + Ry 1
{(Wtﬂgm — Ty jr1Wis) Sjgrese1 — Pt+12t+1; (777) } (1-F)

+ﬁ Z:i {(Wt-ﬁ-Qgﬂg - Ft—j,j+2wt—j) Sj+2,t42 — Pt+2z£tr2g (f}g;g)%}
x (L= 7)) (ah +p) (L= F4)
+...+
UGN ~ B ~
+4Y J—f::lf J (WHN,j) O +p) (= FVRL )

(aii +p) (1= FE)}
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for j =0,...,N — 1. Plugging in for w;_; = Wt,j = wt,jwt,th,jzj_j and scaling obtains:

T (a) | o
J? <Wt,j; (_Li) = ? = (wtgg - Gt—j,jwt—ju_)tfj) Sjt = (~§) +

2t

5¢z+,t+1 PtZ:_
¢z+7t Pt+12t++1

PtJrlthr ) 5 ) )
+1 — J+1 _ ~j+1\ ¥ j+1
X{—Pt - (W1GlT — Gijjrwij0—j) Sjg1441 — - (o7)7| (1 =F)

_ i1-2 _
¢z+,t+2 Pt+lztt_1 Pt+2ztt_2 (thQt’H - Gt—j,j+2wt—jwt—j) Sj+2,t+2
+5 Dot pat K (~j+2 ¢
1/’z+,t+1 1422442 t%t o \Vt+2
j+2 Jj+1 j+1
X (1= FLy) (i +0) (1= FLL)
+...+

+ T
N—j ¢z+,t+N—j Pt-i-lzt—',-l PHNﬂ Rt N—j
+0 ot i1 N—j
" Pon_iz Pz R
zt t+1 t+N—j~t+N—j t<t

X (Xi\bvl—jq + /)) (1 - ftjij\flfjfl) T (Xgll + p) (1 - ft]rll)}

which can be rewritten as

(X1 +p)

(Wt—j; @‘Z) = (0G] — Gijjwi_jy—;) Sju — g (&) + 5% (xi+p)  (B.60)
zTt

x{ [(wmggjf — Gy 1 We— W) Sj1e1 — g G )SD} (1-FH)

J?

ztt

Vatarn [ j+2 - Ror~j+2y®
+/-— (W1+2G75 — GiejjuaWi—jWi—j) Sjg22 — - (9/13)

wz+,t+1
(1= FD) (it + o) (1= A
+...+
_ wz —J A
+8~ ]%Jzum—j PAREEE )
2zt t+1

X (1 - fﬁ-?\fl—j—l) T (Xgﬂ + P) (1 - fgjll)}

Re-writing this in a way that makes use of Q! defined in (B.64) below:

j o2\ - (.Gl oy K gve | oPeran 1
Jz*,t (Wtfja Gt> = (wtgt — Gt,“wt,Jwt,j) gjyt — " ('Ut) + B wz+’t (1 _ J[th) (B61)

- j+1 - Rorjriye | i+l
x{ |:<wt+1gt+1 - Gt—j,j+1wt—jwt—j) Sj+1t+1 — ; (Ut+1) ] 7

Vot ayo [/ i+2 _ Ko jtaye i+2
+6 (We2G/15 — GejjraWe—jWe—j) Sjazara — P (9172)" | Qs

1/Jz+,t+1
+...+

N-— '711” TH+N—j N—j
+87 ;JthN—thmﬁj}

wzﬂt—l—l
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for j=0,....,N — 1.

B.4.4. Bargaining Problem

The first order condition associated with the Nash bargaining problem is:

NVt s + (1—n,) [Vz+ ¢ Uz+,t] Juwt =0, (B.62)

after division by 2, B;.
The following is an expression for .J; evaluated at w; = Wt, in terms of scaled variables:
&l K
z+ Jt+7 _ t+j — J
e [ (e o) DL B L

wsz t+N Qt-l,-N
4NN g N
b ¢z+,t TN 1 - ]:t+N

(B.63)

We also require the derivative of J with respect to w;, i.e. the marginal surplus of the
employment agency with respect to the negotiated wage. By the envelope condition, we can
ignore the impact of a change in w; on endogenous separations and vacancy decisions, and

only be concerned with the direct impact of w; on J. Taking the derivative of (B.39):

Jw,t - - (1_-7:150)§0,t
—B= 10 (4 +0) (1= Fha) (1= 77)
t
—pr1e2 “Liaaee (6 +0) O +0) (1= Fil) [1 = Fra] [1 = 77

— 5N 1W+U—]ert Noasn-ren—1 (4 +0) (X +0) - (i + ) X

( ft+N1)'”[1_ft0]‘

Let,

QJ

7—1
i = ftj+] H Xt+l + :0 - '7:tl+l> J>0
J 1 :

=0
1— F? j=0

It is convenient to express this in recursive form:

(B.64)

QP
0 0 ol 0 : N
Q = 1_Ftht+1:( ]:t+1)(Xt+p)(1_]:t)>

1
Qt«b»l

Do = (1= Fo) (e +0) (& +0) (1= F) (1= Fli).o

so that

Qgﬂ = ( -7 tj+g) (XH-J 1T p) Qt+91 1
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for j = 1,2,.... . It is convenient to define these objects at date ¢ as a function of variables

dated t and earlier for the purposes of implementing these equations in Dynare:

0
Q1‘1

0 0 Ol 1 0
QO = 1_~7:t>Qt:(1_—7:)(Xt1+P)( _-7:1&71)7

1
Qtl

Q? = (1 - ~7:2) (Xt 1T P) (X?—2 + P) (1 - ftO—Z) (1 - ’7-—1&1—1)\

so that
Qg:(l_]:j) (Xt 1+P)Qg 1

Then, in terms of scaled variables we obtain:

Ju,t Zﬁj QZ:HJ Gt7JQt+]§J t+j- (B.65)
2Tt

Scaling V¥ by P;z,", we obtain:

1—7Y glror
‘ = G—ii _ii_ii—t— hA L B66
ztt t—i,i W—i Wy g’t1+7$’ G L(1+0L)¢z+,t ( )
wzﬂt—&-l

+BE; [p (-F) VI L+ —p+pFl) U t+1],

ztt
fori=0,1,...., N — 1, where

i
Vi _
T =

Ui

—.
P12

) _
g Ut =

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

respect to the wage rate. To define this derivative, it is useful to have:
My =(1=F)-- (1=-F). (B.67)

for j =0,..., N — 1. Then, the derivative of V°, which we denote by V.2 (w;), is:

=

1 T v .
VO(w) = E Y (Bp) Mt+y€yt+yl e
+ Ty Ut

[e=]

.

=

-7 wz+ j
= E (59) Mt jSjt+i 1 tﬂ Gy sk (B.68)
0 +T t—l—y wzht

<.
Il

Note that w; has no impact on the intensity of labor effort. This is determined by (B.36),

independent of the wage rate paid to workers.
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Scaling (4.14),

wz+,t+1
77Z)z'"‘,t

This value function applies to any unemployed worker, whether they got that way because

Uy, =0"(1—1))+ BE; feVE o+ (U= f2) Ust 4] (B.69)

they were unemployed in the previous period and did not find a job, or they arrived into
unemployment because of an exogenous separation, or because they arrived because of an
endogenous separation.
B.4.5. Final equilibrium conditions
Total job matches must also satisfy the following matching function:

my = o (1— L) v, (B.70)

where

i

Li=> (1-F)4. (B.71)
J
and o, is the productivity of the matching technology.

Il
=)

In our environment, there is a distinction between effective hours and measured hours.
Effective hours is the hours of each person, adjusted by their productivity, a. Recall that the
average productivity of a worker in working in cohort j (i.e., who has survived the endogenous
productivity cut) is £/ / (1 ~F] ) . The number of workers who survive the productivity cut

in cohort j is (1 —F/ ) I, so that our measure of total effective hours is:
N-1
Hy =Y &l (B.72)
=0
In contrast, total measured hours is:
N-1
P = 3 g (L= F) .
=0

The job finding rate is:
my

= . B.
fi= (B.73)
The probability of filling a vacancy is:
Q=1 (B.74)
Uy

Total vacancies v; are related to vacancies posted by the individual cohorts as follows:
N-1

1 y o
]7
Note however, that this equation does not add a constraint to the model equilibrium. In

fact, it can be derived from the equilibrium equations (B.74), (4.16) and (4.8).
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B.4.6. Characterization of the Bargaining Set

Implicitly, we assumed that the scaled wage,
_ Wti
N ijt,

paid by an employment agency which has renegotiated most recently ¢ periods in the past

i
Wy

is always inside the bargaining set, [w!, w!], i = 0,1,..., N — 1. Here, w! has the property
that if w! > @! then the agency prefers not to employ the worker and w! has the property
that if w! < w! then the worker prefers to be unemployed. We now describe our strategy for

computing wi and w!.

The lower bound, w?, sets the surplus of a worker, (1 — F}) ( Z’; — UZ+,t> , in an agency
in cohort ¢ to zero. By (B.66):
17 o
o Sy T T e,

¢Z+ ]. 7, v i

+OE, b f+ [ 1-7%) ‘/Zji+l (1= p+pFi) Uz+,t+1] ;
2Tt

fori =0, ..., N - 1. In steady state, this is

I+o . . .
U+ +(" AL—(HUL) —BlpA=F VI + (1 —p+pF ) U.~]

1—7Y
gZ 1+TUJ

W=

where a variable without time subscript denotes its steady state value. We now consider the
upper bound, @}, which sets the surplus J,+ ; of an agency in cohort i to zero, i =0, ..., N -
1. From (B.63)

N—1—i w g] /'i
R A o v oo j
p Wi 7 = Gt | Sjavj — (UtJrj) Qi
j=0 z+ )t 1— :/E;prj ¥
N—i
+5N_i ¢z+,t+N71J QtJrN i

2zt t+N—i
¢Z+7t 1 - E‘l’N 7

fori =0, ...., N - 1. In steady state:

For the dynamic economy, the additional unknowns are the 2N variables composed of w!

and w! fori = 0, 1, ..., N - 1. We have an equal number of equations to solve for them.

121



B.5. Summary of equilibrium conditions for Employment Frictions in the Base-
line Model

This subsection summarizes the equations of the labor market that define the equilibrium
and how they are integrated with the baseline model. The equations include the N efficiency
conditions that determines hours worked, (B.36); the law of motion of the workforce in each
cohort, (4.9); the first order conditions associated with the vacancy decision, (B.40), (B.43),
7 =20,..., N — 1; the derivative of the employment agency surplus with respect to the wage
rate, (B.65); scaled agency surplus, (B.63); the value function of a worker, ‘/Z+7t, (B.66); the
derivative of the worker value function with respect to the wage rate, (B.68); the growth
adjustment term, G, ; (B.42); the scaled value function for unemployed workers, (B.69); first
order condition associated with the Nash bargaining problem, (B.62); the (suitably modified)
resource constraint, (4.23); the equations that characterize the productivity cutoff for job
separations, (B.55) and (B.59); the equations that characterize jjﬂ (B.61); the value of
finding a job, (4.15); the job finding rate, (B.73); the probability of filling a vacancy, (B.74);
the matching function, (4.16); the wage updating equation for cohorts that do not optimize,
(B.37); the equation determining total employment, (B.71); the equation determining Qg P
(B.64); the equation determining the hiring rate, x! (4.8); the equation determining the
number of matches (the matching function), (B.70); the definition of total effective hours
(B.72); the equations defining M, (B.67); the equations defining Fi, (B.8); the equations
defining &/, (B.7); the equations defining G/’ (B.53); the equations defining F/' (B.51)

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

ables in the baseline model:

Jj el i J =7 5 J J 0
ltvgt 7~;Et 7§j,t7Mt7at7Ut7Gt,jaQtaQt+j7 ‘]'w,bwta ‘]z+,t7‘/z+,t7UZ+,t7V

w,t?
x J = Y il 7J
‘/;+7t7ftamtavtaXta’/Tw,taLta t 7:’tt and Jz+7t

We drop the equations from the baseline model that determines wages, eq. (B.30), (B.31),
(B.32),(B.28) and (2.48).

B.6. Summary of equilibrium conditions of the Full Model

In this subsection, we integrate financial frictions and labor market frictions together into
what we call the full model.

The equations which describe the dynamic behavior of the model are those of the baseline
model discussed in section 2.8 plus those discussed in the financial frictions model specified
in section 3.2.1 plus those discussed in the employment friction model presented in section
B.5. Finally, the resource constraint needs to be adjusted to include monitoring as well as
recruitment costs. Similarly measured GDP is adjusted to exclude both monitoring costs

and recruitment costs (and, as in the baseline model, capital utilization costs).
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