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1 Introduction

Building on the seminal work of Kiyotaki and Wright [11], [12] search theory
has become the main paradigm for the micro-foundation of money.! These
models set up an economic environment where money eases bilateral trade
in overcoming the problem of an ‘absence of double coincidence of wants’.
Hence, money plays an essential role in the sense that some of the allocations
achievable in a monetary equilibrium cannot be achieved in an equilibrium
without money.? Unfortunately, search models create a high degree of hetero-
geneity of agents: the pairwise exchange of goods generates non-degenerate
distributions of goods inventories and money holdings. The use of simulation
methods to keep track of these distributions is very cumbersome. Therefore,
the early search literature used to make strong assumptions on money hold-
ings in order to limit the state space.® There, an increase in the amount
of money increases the proportion of unproductive money holders in the
population. Hence, these models are inadequate for monetary business cy-
cle analysis, especially since they inhibit the examination of the effects of a
constant rate of money creation and shocks to the money growth rate.

The first successful attempt to overcome the problem of heterogeneity
without restrictions on money holdings was presented in Shi [20]. He as-
sumes that the decision making unit - the household - is itself a continuum
of agents. Hence, idiosyncratic risk is fully insured and a representative agent
formulation can be used. However, the model assumes instantaneous produc-
tion when a seller is successfully matched with a buyer, and with the absence
of final goods inventories an important part of fluctuations in GDP is ne-
glected.! Dropping this latter assumption Shi [21] studies the propagation

See for example Rupert et al.[18], chapter 4, for an extensive overview over the liter-
ature based on the search-theoretic approach.

2Kocherlakota [13] establishes that necessary conditions for the essentiality of money
are the lack of complete memory and of full commitment to future actions. The latter
follows from the usual assumption of random-matching and rules out the use of credit,
while the former inhibits the use of punishments to trigger gift-giving equilibria. See also
Corbae, Temzelides and Wright [6] for models with directed search where money remains
essential as long as long as agents are restricted to one bilateral trade per period.

3The strongest assumption - present in the very first papers of this literature - is that
agents can only hold one unit of goods or one unit of money. The following literature
relaxed this assumption gradually, but still money holdings have to be either one unit or
bounded above by a fixed number.

‘Recently, Lagos and Wright [14] developed a different modelling device to collapse



of a monetary shock in a search-theoretic monetary model with inventory
holdings and labor-search. His analysis reveals the following feedback mech-
anism that persistently propagates a monetary shock: higher search effort
depletes final goods inventories and reduces future goods supply (‘inventory
effect’) which, in turn, induces buyers to keep search intensity high (‘search-
enhancing effect’). A search friction in the labor market strengthens this
feedback and makes the employment response more persistent.

This result, however, needs to be amended with a caveat: the model does
not allow for capital formation. A priori, it is not clear whether the introduc-
tion of capital formation would not harm the above discussed propagation
mechanism, the reason being the following: If households can use part of the
acquired goods to increase their capital stock higher sales in the period of
the money shock do not necessarily imply a decrease in the supply of goods
in subsequent periods. This is because with the increased capital stock there
can be produced more goods, and inventories can be filled up more quickly.

The present paper adds endogenous capital formation to the model of Shi
[21] to study how the propagation through ‘search-enhancing effect’; ‘inven-
tory effect” and capital formation interact, and how firms use investment in
inventories and in fixed capital to deal with variations in demand and sup-
ply conditions. This brings the search-theoretic literature closer to modern
business cycle models that are based on the neoclassical growth model and
adds new dimensions to contrast the model with data: the model eliminates
the proportionality of employment and output responses and the identity of
consumption and sales, and delivers a series for fixed investment.’

the distribution of money holdings. After decentralized trade for specialized goods a
centralized market opens where agents trade for a general good in order to adjust their
money balances. With quasi-linear preferences in the good traded in the centralized market
this implies that all agents end up with the same money holdings. Both approaches have
been augmented to allow for capital accumulation (See e.g. Shi [22], [23] and Aruoba and
Wright [2]). Faig’s [8] solution nests both approaches as special cases in the absence of
capital formation. He interprets the continuum of agents not as a household but as a
village. Within a village people know each other and their respective trading histories, so
insurance contracts among villagers can be used to insure idiosyncratic risk of the agents,
and credit is feasible. The introduction of capital formation seems to be more demanding,
though. Another drawback shared by both alternatives to Shi’s approach is the difficulty
to allow for final goods inventories due to unsold goods.

5Two related studies also introduce capital into a search-theoretic monetary model. In
Shi [22] capital has to be acquired through costly search and saves labor hired in a compet-
itive market. Production is immediate and there are no final goods inventories. Moderate
inflation has an extensive effect on the steady state capital stock. Transitional dynamics



The introduction of capital formation to the search-theoretic model of Shi
[21] yields the following results. First, the dynamics of the linearized model
with capital formation are explosive. However, the assumption of capital
adjustment costs delivers a stable model. Second, with small capital ad-
justment costs a monetary injection kick-starts higher search intensity, sales,
consumption, investment and vacancies. But there is no feedback from in-
ventories since they are filled up to their steady state level within one period.
Output and capital peak in the first period and approach rapidly their steady
states. Employment shows a less pronounced but still long-lasting response.
Third, when a conventional value is assigned to the capital adjustment cost
parameter there is a substantial but shorter lasting feedback of the ‘search
enhancing effect’ and the ‘inventory effect’. In combination with the prop-
agation through capital formation the employment response to a monetary
shock is similar in magnitude and shape to the one obtained in the case of
fix capital; the output response reaches its peak earlier. Fourth, eliminating
the feedback throug inventories by assuming a very high depreciation rate of
inventories the combination of enhanced search-intensity and capital accu-
mulation delivers a negative response of employment to a monetary shock.
Therefore, inventories and the search-theoretic feedback keep being necessary
to get impulse responses with the correct sign.

When subjected to autoregressive shocks to money growth and to tech-
nology the model generates standard deviations relative to output of key
macroeconomic variables that are reasonably in line with the corresponding
measures in US data. The model is especially succesful in replicating stylized
facts of inventories and sales outperforming most of existing DSGE inventory
models.

The remainder of this paper is organized as follows: Section 2 describes
the model. The role of capital accumulation and inventories for the monetary
propagation is discussed in Section 3. Section 4 documents the effects of
shocks to monetary policy and technology and compares simulated second
moments with those of the corresponding US data. Section 5 concludes.

are not analyzed. Faig [7] constructs a search-theoretic monetary model with neoclassical
production where households produce their own capital goods, such that capital has not
to be acquired in bilateral exchange and the labor market is Walrasian. In these respects
his model is orthogonal to the model presented here. Moreover, he introduces a distinction
between producers and sellers, private information about buyers’ preferences, and price
setting by sellers. This could give rise to a distinct propagation of monetary shocks, but
he considers only policies that maintain the nominal interest constant.



2 The Model

2.1 The Economy with Endogenous Capital Formation

This section extends Shi’s [21] search-theoretic monetary model to allow for
capital accumulation. In this model economy there are two search frictions:
costly labor search and costly search for consumption goods. The economy
is populated by a continuum of households with measure one, denoted by H.
Each household produces a distinct good with labor and capital as inputs to
production. Each good h € H is storable without modification only by its
producer. Each household h € H produces good h and wants to consume a
subset of goods different from its own product. Producers cannot use their
own product as capital. This induces a need for exchange before consumption
or investment is possible. In the absence of a centralized market with a
Walrasian auctioneer households have to search for trading partners with
the desired goods. Generally, there will be no double-coincidence of wants.
The literature following Kiyotaki and Wright [11], [12] showed that in random
search models under certain parametrizations fiat money gets valuable and is
the only medium of exchange. To establish this in the present model would
require a more detailed consideration of the exchange patterns. Instead, as
in Shi [21] fiat money is assumed to be required in each transaction.

The production function is assumed to be neoclassical. The employment
of factors of production evolves over time in the following way: A fraction
0,, of the currently employed workers is fired at the end of each period. New
workers have to be hired through a costly search process and get productive in
the next period. Households invest part of their purchased goods to augment
their capital stock in the next period. To do so they have to pay a quadratic
installation cost. Each period a fraction 0 of the capital stock depreciates.

The matching in the goods market between sellers and buyers and in the
labor market between producers and unemployed is assumed to be random.
Hence, individual agents face idiosyncratic risks: a priori, buyers do not know
whether they can find and buy the desired good or whether they have to carry
their money home again instead; sellers do not know whether their product
will be exchanged for money and whether they will be able to pay their
workers, and so on. As a consequence, money holdings, capital stocks and
inventories differ across agents, as well as the number of people employed.

To avoid the need of tracking the distributions of money holdings, capital
stocks, inventories, and level of employment, it is assumed that the decision



unit - the household - is itself a continuum of different agents. The members
of the household share the bought consumption goods and regard the house-
hold’s utility as the common objective. Wage payment regardless of whether
the firms had a suitable match in the goods market is made possible by re-
source sharing of firms within a household. Inventory holdings, the capital
stock as well as the employees for the next period are shared among the firms
of a household, too. Under these assumptions there is no idiosyncratic risk
anymore due to the random matching process.

The household consists of five groups: one group of members enjoys leisure
while the other four groups are active in markets: Entrepreneurs (set A, with
measure a,), unemployed (A,, measure u) workers (A,;, measure a,n;), and
buyers (A,, measure a;). The values of a,,u and @, are assumed to be
constant, while the number of workers per firm n; may vary over time. An
entrepreneur consists of two agents: a producer and a seller. A producer in
household h hires workers from other households to produce good h, which
is sold by the seller. A worker inelastically supplies one unit of labor each
period to other households’ firms. A buyer searches with search intensity
s > 0 to buy the household’s desired good. The sellers’ search intensity is
set to 1. Thus, we focus only on the effect of monetary policy on buyers’
search intensity. Let B = a;/a, be the buyers/sellers ratio. In the following
a hat on a variable indicates that the household takes this variable and all
its future values as given when making the decisions at ¢.

The matching process is specified as follows. The total number of matches
in the goods market is given by the matching function:

g (8) = 21 (@)™ (a,)' ™, ae(0,1).

By normalizing z = z; B*! the matching rate per unit of search intensity is
gy (8) = 2871, so that a buyer finds a desirable seller at a rate sg,, and a
seller meets a desirable buyer at a rate g5 (5) = 2B$*. Thus, the measure of
the set of buyers with suitable matches, A,., is sgya; and that of sellers with
suitable matches, A ., is gsa,°

Each buyer j having found a seller —j with his desired good exchanges
my (7) units of money for ¢; (—j) units of good —j, which implies a price of
good —j in this match of P, (j) = 7w (j) /G (—j) and an average price of
goods of P,.7

6The notation * stands for agents that are suitably matched in the current period.
"The notation —j stands for an agent with whom agent j is matched.



Each producer j can create vacancies v; (j) with a cost of T (v (5)). Un-
employed workers have to search for a job and they do this by supplying one
unit of search effort inelastically. A worker supplies inelastically one unit
of labor each period and receives a wage W (7) in units of money. There
is an exogenous constant job separation rate d,. The matching function in
the labor market is linearly homogeneous. The number of matches between
firms and unemployed workers is given by (apf))A (v)'™ and the number of
matches per vacancy is p (0) = (ap@/u)A*1 :

2.2 The Households’ Decisions

Households decide at the beginning of each period about their buyers’ search
intensity s;, their consumption ¢;, their total investment x;, and the number
of vacancies for the firms v;. In addition they determine next period’s total
capital stock K;,1, and employment in each of their firms n;,;, as well as
the amount of ‘fiat” money M, and inventories i;,, to be carried into period
t + 1. Imposing symmetry within a household each member of a group is
assigned the same stocks of capital and money and the same decision rules.
Thus, each buyer receives my 1 = M;.1/a, units of money and each firm has
a capital stock ki1 = Kyi1/a,
The firm’s production technology is assumed to be Cobb-Douglas:

fi(n, k) = Fon®f kimes,

where e; < 1. For convenience denote f (n;, K;) = fi (nt, f—;) the individual
firm’s production function in terms of K.

In their decisions households take the sequence of terms of trade and

wages {(jt, My, Wt} as given, as well as { My, Ko, i, no}. Since both buyers
£>0
and sellers have a positive surplus from trade, it is optimal for households to

choose M;1, Kiy1, n441 and ;41 such that in period ¢ + 1 every buyer carries
the required amount of money m;,; and that every seller carries ¢;,; units
of good h. The assumptions My > 1gay and ig + f (ng, Ko) > §o ensure that
buyers and sellers do so also in period 0.



Households choose the sequence I'y, = {¢y, x4, 51, v, Migr, Ky, G, it Fsg
to maximize their expected lifetime utility over an infinite time horizon:

max {36 (U~ [ edi— [N~ [T
" =0 An/t Z /

Ap
(PH)
subject to the following constraints:
pans (75 K< i (=) dj (1)
Ct T Ty 2 \ &, k t S qi\—7)aj,
Ay

M . ) .
at:l > 14 (7), Vi€ Apti+, (2)
i1 (J) + f (o1 (), Keq) > Qe (5) Vj € Aptias, (3)
(1 —=0p) Kt + 21 > Kyyq, (4)

My < My+ri— / e () & + / AW () dj
Abt* n;?

+/mwm@—3/mummmz (5)

Apt* AP
108000 0) G () = mesa ()5 2 (6)



Constraint 1 states that the household’s consumption and investment plus
the quadratic investment cost has to be bought by buyers which successfully
meet a trading partner and are endowed with sufficient money for the pur-
chase of ¢, goods each. Condition 2 represents a minimum money holdings
constraint for each suitably matched buyer in period t+ 1, while 3 is a similar
trading restriction for suitably matched sellers: in period ¢ + 1 each needs a
sufficient stock of inventory and newly produced goods to satisfy the demand
of the costumer. Expression 4 is the usual capital accumulation equation.
The law of motion of money balances 5 states that money holdings at the
beginning of period ¢+ 1 are no larger than money holdings at the beginning
of period t augmented by the monetary injection minus the money spent
plus wages earned and cash receipts from firms. Expression 6 indicates that
a household cannot allocate more workers of other households to its firms in
period ¢ + 1 than those who worked there in period ¢ and have not quitted
plus the newly hired workers. Finally, expression 7 states that inventories in
period t + 1 consist of the fraction of the excess supply of goods in period ¢
which has not depreciated. The quitting rate J,, and the depreciation rates
of inventories, J;, and capital, §;, are assumed to be constant.

It is convenient to denote by wj;; the shadow price of money at the
beginning of period ¢ + 1 (M), measured in terms of period-t utility. Then
wyre is the multiplier of 5. Similarly, let wg;, w;; and w,; be the shadow
prices of capital, inventory and workers at the beginning of period t + 1,
all measured in terms of period-t utility. Thus, wgy, w,: and wy are the
multipliers of 4, 6 and 7. Also, let Ayy1, w41, be the multipliers of equations
2 and 3, respectively, both measured in terms of period-t + 1 utility.

2.3 Terms of Trade
2.3.1 Goods Market

In order to determine the terms of trade in each match and the associated
price P = m/q, each agent is interpreted as an identity of a small measure A.
First, the terms of trade contingent on A are calculated, then take the limit
A — 0. This procedure is necessary because the contribution of a match to
the households’ utility is negligible when agents are negligible in a household.
When a seller from household ~ meets a buyer of household —h, they trade
gA units of goods against mA units of money. These terms of trade lead to



the following surpluses in the two agents’ households:®
The seller’s surplus: WA — [(1 — 0;) wir + wat] @A

The buyer’s surplus: U (e + th_A) —U &)+ (1=l
— ((IJMt + At) mtA>

where W,y = wky / [1 +b (I"’“;—i — 5k)] = U’ (¢;) is the value of an addi-
tional unit of investment and ( denotes the fraction of ¢; which is consumed.
Note that the latter equality represents the FOC for x; (see Appendix A.1,
equation 16).
Nash-bargaining with equal weights and taking the limit A — 0 implies:

Wee = Wi (1—6;) wi, (8)
N = U'(¢) — . 9)

with Wy = PtaJMt, and S\t = PtAt.

2.3.2 Wage Bargaining

The firm’s surplus from hiring a new worker is given by:

[wnt - f (1 - 5n) Wnt+1] A =wy (f (nt—l—l + A> Kt+1) —f (nt+1, Kt+1))—5wt+1Wt+1A-

The extra utility for a household when an additional member is working is:

B (1 Wipr — ) A.

The bargaining outcome is the wage rate that maximizes the weighted Nash
product of the two agent’s surpluses, with weight o € (0,1). After taking
the limit A — 0, the bargained wage rate is:

Wit fn (N1, I
780 +(1-0) tfn (M1 t+1).
Wi+1 Bwiyt

Wt+1 =0 (10)

8Symbols with a bar refer to variables of household —h.

10



2.4 Equilibrium

DEFINITION: A symmetric search equilibrium is a sequence of house-
hold’s choices I', = {th}tzm I = (CtaxtaStavtaMt+1,it+17nt+l,Kt+1)7 €X-

pected quantities in trade X = {Xt} , X, = (ﬁzt, Qs Wt), terms of trade
>0

{Xi},~, and expected average variables § = {5;},., , 0 = {0}, , such that
(i) all variables are identical across households and relevant individuals;
(i) given X and (Mo, ig, no Kq), T, solves (PH) with (s,v) = (3, 0);
(iii) X, satisfies 8, 9 and 10;
(iv) X, =X, Vt>0.
This implies that households take the sequence X as given when choosing
L.

The equations determining equilibrium are derived in Appendix A.1.

3 Monetary Propagation

The dynamics of this model cannot be examined analytically, so the model
is calibrated and the log-linearized dynamic system is solved by standard
techniques.” Unless specified otherwise parameter values proposed by Shi
[21] are used for reasons of comparability. For the capital depreciation rate
assume a value of 2.5% per quarter. The calibration procedure is shown
in Appendix A.2, and Table 1 shows the chosen parameter values. Without
any capital adjustment cost the model gets unstable, but with a value for the
adjustment cost parameter b larger than 6 one obtains stable eigenvalues of
the dynamic system and reasonable impulse responses. Since the usual values
of b in the literature are at least 3 times as high one can be quite comfortable
with the stability properties of the model and hence further discussion will
be restricted to the cases where b > 6.1

9Here the ‘Toolkit for analyzing nonlinear dynamic stochastic systems easily’ of Uhlig
[24] is used.

10This feature of unstability in the absence of capital adjustment costs is not shared
by other equilibrium business cycle models with capital. However, adjustment costs were
recently incorporated in those models in order to solve the problem of excess volatility in
investment usually found there. See Neiss and Pappa [17] for a discussion.
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3.1 Dynamics with Constant Capital

The solution of the model presented here allows to study how capital accu-
mulation alters the dynamics of the search-theoretic monetary model of Shi
[21]. In order to ease the comparison between the two models it is convenient
to first describe the monetary propagation through the ‘inventory effect’ of
the model with constant capital.

In Shi’s [21] model a positive shock to the growth rate of money reduces
the shadow value of money. The implied fall in the value of wages and
sales leads to a reduction in labor supply and labor demand and, hence,
in employment and output. In addition to this conventional ‘inflation effect’
there is a ‘search-enhancing effect” which more than offsets the negative effect
on employment and output: search gets more profitable when the value of
holding money falls since a higher search intensity increases the probability
of a suitable match where the now less valuable money can be exchanged
for a consumption good. Hence, buyers spend more shoe-leather to get rid
of the less valuable money, and less unsold goods remain as inventories for
next period. This ‘inventory effect’ in turn reinforces the ‘search-enhancing
effect’: facing a reduced supply of goods buyers search more intensively in the
subsequent period, too. The interplay of these two effects creates a feedback
mechanism that increases sales revenues in subsequent periods which leads
to a higher demand for labor that persist over various periods.

3.2 Dynamics in the Presence of Capital Accumulation

To see how the existence of capital changes this mechanism it is useful to look
at the impulse responses after a monetary shock. Figure 1 shows the reaction
of some key variables of the model economy after a one-standard deviation
shock to money growth with three levels of adjustment costs for capital:
b = {6,17.8,10000}. The value b = 6 (dash-dotted lines) is the lowest one
that results in non-zig-zagged impulse responses, b = 17.8 corresponds to the
benchmark case of medium capital adjustment costs, and the case b = 10000
(solid lines) corresponds to the model with constant capital as developed in
Shi [21]. Note, that households choose to increase consumption by 0.5 %
independent of the capital adjustment cost. The lower b, the stronger the
investment response to a monetary shock and the more search-intensity has
to increase in order to acquire these investment goods.

12



Let’s first compare the benchmark case of medium adjustment costs with
the case of constant capital. In Figures la - 1h the bold responses with
benchmark adjustment costs are very similar in shape to the solid ones with
fix capital, but show a little less persistence. This indicates that with a
medium adjustment cost the feedback between ‘search-enhancing effect’ and
‘inventory effect’ is only slightly modified by the introduction of capital ac-
cumulation. Figures 1j and 1k present the responses of the two variables
that do not appear in a model with constant capital: investment increases
since the household has a consumption smoothing motive due to its concave
utility; and the higher investment raises next period’s capital stock.

Now, production and employment are no longer proportional as reflected
in Figures 1h and 1m. Employment keeps adjusting slowly due to the search
friction in the labor market. Output, however, peaks earlier and stronger
due to the increased capital stock. Inventories can be filled up more quickly,
and the supply gap is closed about 2 quarters earlier in the case of moderate
adjustment costs. So, buyers do not keep search effort high for many periods,
as can be seen in Figures le and 1d.

Hence, the feedback mechanism between the ‘search-enhancing’ effect and
the ‘inventory effect’ is weaker, and the search-intensity approaches its steady
state value earlier. But there is some persistence in the propagation of the
monetary shock due to capital accumulation: Figures 1c and 1j show that
one period after the money shock sales and investment fall below their steady
state value. In the presence of capital adjustment costs the disinvestment
process is smoothed over time and hence capital decreases only slowly; output
stays persistently above steady state.

Results change significantly when firms can adjust their capital stock more
quickly since they face lower capital adjustment costs. Consider dash-dotted
impulse responses in Figure 1. Investment and capital react strongly to the
increase in the purchases of the household’s favorable goods. Therefore, with
the better production possibilities inventories are filled up within 2 periods.
So, there is no persisting excess demand in the goods market and hence no
reason for the search intensity to stay above steady state in the subsequent
periods. Thus, the ‘inventory effect’ breaks down and with it the search-
theoretic feedback mechanism. Nevertheless the impact on search intensity
is higher in the first period since the shadow value of money drops by more.
The former even drops below steady state in the second period, since the
shadow value of money jumps substantially above steady state. This, in turn,
is caused by the fact that the goods supply drops drastically in the second

13



period. As can be seen in Figure 1k the capital stock quickly decreases after
the peak, so there is nearly no ‘capital accumulation effect’. The persistence
in output (Figure 1m) is mainly the result of the labor search friction.

Summarizing, we can see that a substantial temporary increase in fixed
capital in the case of low adjustment costs eliminates rapidly the excess
demand caused by the inventory disinvestment after a monetary shock. Once
the supply gap is filled, the excess capital is disinvested rapidly, too. By
contrast, with moderate adjustment costs the smoother increase in capital
investment reduces the time till this excess demand is eliminated only slightly.
There is still a substantial feedback between search-intensity and inventories.
Capital is not disinvested that quickly, either, and thus helps propagating
the monetary shock. The combined effect leads to employment and output
responses similar to the case of constant capital.

3.3 The Role of Inventories

This subsection addresses the question whether inventories continue to play
a crucial role in the presence of capital accumulation. Figure 2 shows the
impulse responses for a moderate capital adjustment cost and a depreciation
rate of inventories of 0.95. That means that unsold goods can be stored to
the next period only under large losses. Only 5% of unsold goods survive as
inventories for the beginning of next period. So, inventories only play a minor
role as a storage technology, and the goods supply is mainly determined by
current production. As can be seen in Figures 2b, 2d and 2e the propagation
through ‘search enhancing effect” and ‘inventory effect* becomes insignificant.
Inventories change little and are back to steady state very quickly. Thus,
there is no reduction in goods supply in subsequent periods.

On the contrary, the higher stock of capital, which was built up to smooth
consumption after the monetary shock, allows to produce more efficiently,
thereby increasing the goods supply. Consequently, buyers don’t have to
search harder in subsequent periods, either, and search effort approaches its
steady state after 2 periods. As shown in Figures 2c and 2f, sales and sales
revenues are back to steady state after 2 periods, too. Because sales revenues
don’t remain above steady state there are no higher profits to be made in the
future and firms are not induced to hire more workers. Figure 2i shows that
consumption remains slightly above steady state, so households do not need
to disinvest in order to smooth consumption. Therefore, the capital stock
decreases only by depreciation, as seen in Figure 2k. Figures 2e and 2m
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show that goods supply and output stay persistently above steady state even
though employment (Figure 2h) decreases due to the substitution by capital.
That means that some propagation still takes place through the channel of
capital accumulation.!' But the output response is much smaller than in the
benchmark model. Moreover, there is a switch in sign in the employment
response which is at odds with empirical evidence. Hence, the possibility to
store goods in inventories remains a crucial element of the search-theoretic
monetary model, even in the presence of capital accumulation.

4 Effects of Monetary Policy and Technology
Shocks

Up to now we studied the reaction of our model economy to an impulse
shock to the growth rate of money in order to analyze the monetary prop-
agation mechanism through search-frictions, inventory holdings and capital
accumulation. In this section the model economy is subjected to two types
of shocks that presumably perturb real world economies: a monetary pol-
icy (MP) shock and a technology shock. This enables us to compare the
responses of the model with ‘stylized facts’ extracted from the data.

Note, that the empirical literature identifies a monetary policy shock as
a linear combination of reduced form innovations in a vector autoregression,
rather than as an innovation in money growth'?. To make use of the results
of this empirical literature the stochastic process of the growth rate of money
is specified such that it mimics the one of the growth rate of M1 implied by
an identified monetary policy shock. This strategy is taken from Christiano,
Eichenbaum and Evans [4] (CEE). They estimate a VAR with output, prices,
a commodity price index, the federal funds (FF) rate, non-borrowed reserves,
total reserves and a monetary aggregate. The response of the monetary
aggregate to a monetary policy shock as measured by the innovations in
the federal funds rate characterizes the changes in money that are associated
with the changes in the interest rate. Thus, equivalently, one can think about
the implied response of the monetary aggregate as being the cause (the MP

1 Again, this depends to a large amount on the size of the adjustment cost. The higher
the adjustment cost the longer is the propagation of a monetary shock.

12See, e.g. Christiano et al. [5] for the implications of different identification schemes
for empirical impulse response functions after a MP shock.
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shock) and the interest rate response being the effect. Let’s call the impulse
response of M1 after a monetary policy shock a ‘CEE MP shock in M1’, and
the innovation in the FF rate a ‘CEE MP shock in FF’. All other variables
in the VAR react indistinguishably to these two kinds of shocks. Feeding the
model with the implied money growth response series is hence equivalent to
feed the model with an identified MP shock series.

Under the hypothesis that the response of money growth to a CEE MP
shock in FF follows an AR(1) process with autoregressive parameter p, one
can test if a specific p is consistent with the null hypothesis. Following this
approach using monthly data the p with the highest p-value is selected. This
leads to a value of p = 0.55 and a standard deviation of the money growth
series of o, = 0.004716. The monetary injection in the model economy is
now assumed to take place at the beginning of the period. This timing is
more in line with other business cycle models. The production function can
be expressed as f(n;, K;) = U, Fyn;’ Kt1 ~% where U, is the stochastic level
of technology assumed to follow an AR(1) process:

log(¥;) = pg log(Vi—1) + cw,

with pgy = 0.979 and standard deviation oy = 0.00712 as usually done in the
real business cycle literature. All other model parameters are calibrated as
before. Finally, it should be noted that the following results are contingent
on the specific calibration of model parameters.

4.1 Impulse Responses

Figure 3 shows the impulse responses of the model economy hit by a CEE
MP shock in M1 compared to the benchmark case of an impulse shock as in
the previous section. The impulse responses are generally smoother in the
case of the MP shock. The employment and output reactions approach their
peaks about 2 periods later which is more in line with responses found in
the data, but the magnitudes are still too small. A different set of plausible
parameter values might bring the responses closer to the one of the data.
For example, reducing hiring costs increases the magnitude of employment
and output responses. In the next section I discuss also the implication of
lower hiring costs for second moments of simulated data. Apart from that,
however, no further attempt to improve the calibration in these respects is
pursued in this paper. Instead, it is planned for future work to assess the
capability of the model to match the data using estimated model parameters.
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Figure 4 shows the impulse responses of the model economy hit by tech-
nology shocks. A positive technology shock increases current output, goods
supply and sales. Higher sales lead to higher investment in order to smooth
consumption. This increases capital. In subsequent periods output is in-
creased by the lasting technology shock and by the higher stock of capital so
that employment has to decrease strongly in order to bring output back to
steady state. Hence we see a clear substitution effect between employment
and capital. This decrease in employment is optimal for firms since disinfla-
tion depresses future sales revenues and the incentives to hire workers. The
disinflation comes from the fact that a higher goods supply due to the tech-
nology shock reduces search intensity and thus the shadow value of money.
The reduced search intensity reduces the probability of trade matches leaving
more leftovers to be stored as inventories.

In other words, in addition to capital investment households make use of
inventory investment as intertemporal storage device. Inventories allow to
pile up goods produced with good technology that can be consumed later.
In the absence of final good inventories as a storage device (case d; = 0.95)
households would be obliged to invest a higher quantity in fixed capital in
order to smooth consumption and firms could not reduce their workforce that
much because they face a higher demand for investment purposes. Output
stays higher in comparison to the benchmark case with inventories.

This means that the search friction in the goods market alters the mag-
nitude of the dynamic responses of output, employment and capital to a
technology shock, and it induces hump-shapes in the responses of invest-
ment, consumption and sales. Finally, a striking feature is that the negative
inflation response is highly persistent although prices are perfectly flexible.

4.2 Volatility

Actual and simulated standard deviations presented in Table 2 indicate how
well the model variables match the volatility of their empirical US coun-
terparts. Simulation results are shown for the cases with technology shocks
being the only shocks hitting the economy, second, with monetary policy and
technology shocks, and third with both shocks assuming lower hiring costs.
As can be seen in column 5 in the case of technology shocks the volatilities
of the simulated series fall reasonably well within the range of documented
volatilities. The variation of consumption, investment and capital, are quite
near to observed values. Employment and vacancies vary significantly less
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than in the data. These results do not change substantially when we add
monetary shocks as shown in column 6. However, the low variability of labor
market variables is partly overcome by lowering hiring costs to a tenth of the
calibrated value, as seen in column 7. In all the three cases sales are less
volatile than output and match the data very well. This feature is hard to
find in monetary DSGE models of inventory holdings'®. Note, that a supply
(demand) shock leads to investment (disinvestment) of inventories, letting
sales increase less (more) than output'*. Since supply shocks are calibrated
to be more volatile than demand shocks the effect of the former dominates.
In addition, monetary shocks increase substantially the volatilities of sales,
inventory investment and the inventory to sales ratio and drive them away
from their empirical counterparts. Therefore, the present model - contingent
on the chosen calibration - would imply that monetary shocks cannot be an
important source of economic fluctuations at business cycle frequencies.

4.3 Comovement and Autocorrelation

Table 3 documents the contemporary correlations of US time series for con-
sumption, investment, employment, final sales, inventory investment, the
inventories-sales ratio with output, and of the latter two variables with sales,
together with the corresponding ones generated from the model. In all of
the simulation scenarios the model performs considerably well in replicating
the correlations of consumption, investment, final sales and inventory invest-
ment with output. The search-theoretic monetary model treats inventories
as a buffer stock to accommodate for variations in sales. Nevertheless it does
not share with other "buffer stock" and "production smoothing" models the
problem that they cannot account for another important stylized fact with
respect to inventories, that sales and inventory investment are positively cor-
related over the business cycle. However, in the presence of monetary shocks
the model fails to replicate this positive correlation between inventory invest-
ment and sales. This is another hint, that according to the model monetary

13Boileau and Letendre [3] compare 3 different types of models: A production smooth-
ing model with stockout costs, a model with inventories as input in production, and a
shopping cost model. None of them can reproduce a lower volatility of sales relative to
output and a significantly positive correlation between inventories and output. The search-
theoretic model shares with the ones considered there the problem of a too large volatility
of inventory investment.

Remember that GDP=Sales+Inventory Investment.
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shocks cannot be a dominant source of business cycle fluctuations. The nega-
tive correlation of the inventories-sales ratio with output and sales cannot be
accounted for in a significant way '°. Independently of the shocks considered
the model produces acyclical rather than procyclical employment responses.
Finally, the model reasonably reproduces the autocorrelation of output
and sales, as can be seen in Table 4. The first three autocorrelations of
output and sales are quite close to the sample counterparts documented by
Hornstein-Sarte [9]. Here, the scenario with both shocks gets substantially
closer to the values in the data than the one with technology shocks only.

5 Conclusion

The introduction of capital accumulation into a search-theoretic monetary
model allowed us to study the interaction of search-intensity, inventory in-
vestment and capital formation in the propagation of monetary shocks. In the
absence of capital adjustment costs the search-inventory feedback mechanism
documented in Shi [21] vanishes. However, with moderate capital adjustment
costs the combination of this mechanisms with a propagation through capital
formation results in an employment response similar to the one with constant
capital. Moreover, final good inventories and the search-inventory feedback
are crucial to get the correct positive sign of the employment response af-
ter a monetary shock and to generate hump-shaped responses of inventories,
sales and consumption, and a persistent inflation response after a technology
shock.

With the introduction of capital accumulation this model economy is
rich enough to make predictions about many variables of interest in business
cycle analysis: in contrast with the basic model one obtains simulated time
series for consumption, investment, output and the capital stock. Hence,
we are able to study how good a model based on costly exchange in goods
markets can replicate business cycle stylized facts. The main findings of our
informal comparison of the second moments with the ones implied by US
data are: First, the model matches the relative volatility of most US key
business cycle variables, only labor and vacancies vary too little. Second, the
model generates more variability in output than in sales - a feature of the

5To our knowledge the (S,s)-type model in Khan and Thomas [10] is the only (non-
monetary) DSGE model that can reproduce all the inventory facts documented in Table
2 to Table 4. To get these results they assume the dominance of supply shocks.
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data that DSGE inventory models with the exception of (S,s)-type models
cannot match. However, as in most competitor models, inventory investment
is too volatile. Third, in contrast to other inventory models that also treat
inventories as a "buffer stock" against demand shocks, the present model can
replicate the stylized fact that inventory investment is positively correlated
to sales. However the model fails to replicate the negative correlation of
the inventory /sales ratio with sales. Fourth, with respect to inventories and
sales the model matches almost all stylized facts — outperforming all other
inventory models but the (S,s)-type model. It can be considered as a model
that treats inventory investment in a tractable and plausible way.

The explicit modelling of money as a means of transactions in bilateral
exchange did not lead to the conclusion that monetary policy is of great
importance as a source of business cycle fluctuations. This might not be
surprising in a model where wages and prices are flexible. But the interplay
between search intensity and inventories modifies also the propagation of
technology shocks, and this helps to replicate the stylized facts of inventory
investment and sales. Hence we find that money matters in a different direc-
tion: the very frictions that make money essential also shape the responses
of model variables to real shocks.

Obviously, the reported impulse responses and second moments are con-
tingent on the chosen parameter values. Further steps in the empirical eval-
uation of the model might be the comparison of the impulse responses of the
model economy to a monetary shock with the ones obtained by a structural
VAR estimation. Such exercises have been conducted so far only with Wal-
rasian monetary business cycle models.!S Alternatively, a Bayesian approach
could be used to assess the model’s ability to track empirical time series, their
second moments or empirical impulse response functions using the posterior
estimates of the parameters and contrast it with the performance of VAR’s
or other dynamic stochastic general equilibrium (DSGE) models!”. Find-
ing out in which dimensions the search-theoretic model does better or worse
than more standard ones might then serve as a guidance how to improve the
model.

16See Nason and Cogley [16] for an example.
17See Schorfheide [19] for a Bayesian approach using loss functions to compare empirical
and theoretical models in these dimensions.
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Appendix
A.1 Equilibrium Conditions

Necessary conditions for an optimum are the FOCs (with respect to M4,
Gpg1s Mug1, Kopn, 8¢, 24, and vy ):

ware = BE; {wMt+1 + 9b(§t+1)3t+1At+1} ) (11)
wit = BE{gs(5t41)wgrr1 + (1 = 6;) Wirg1 } (12)
Wpt = I {ﬁ (1 - 5n) Wnt4+1 — BWMtHPtHWtH + witfn (nt+17 Kt+1)} ) (13)

b 2
wre = Iy {5(1 - 5k)wKt+1 + ﬁU/ (Ct+1) 5 ((;?:t) - 5%)
+

+ apwit fir (Net1, Kt+1)} ) (14)
P’ (s¢) = gu(5¢) [U/ () Gr — warey] (15)
U, (Ct) |:1 + b <ﬂ — 6k):| = WKt, (16)
K,
wne = T (V) / 1, (17)
with the slackness conditions associated with 2 and 3:
M R .
A { ;H - mt+1:| =0, Vj € Apiyr, (18)
Wt lit41 + f (nes1, Kiro) — Gea) =0, Vi€ Apitix, (19)

and the transversality equation:
thm B_tEt {CthKt} =0. (20)

These optimality conditions together with the laws of motion for capital,
money balances, employment and inventories 4 - 7, the resource constraint 1
and the trading constraints 2 and 3 determine the solution to this decision
problem once the terms of trade are specified, i.e. equations 8, 9 and 10 hold,
and the equilibrium conditions are imposed.
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Considering symmetric equilibria, hats on aggregate variables and bars
on household specific variables can be suppressed. As in Shi [21] attention
will be restricted to the case where A > 0 and w, > 0. It can be shown that
around the steady state the requirements for A and w, being positive are
fulfilled. It is now possible to reduce the system of equations defining this
equilibrium.

First, the price level is P, = m;/q = M;/ (apq:) . Because of symmetry
equation 5 reduces to M; 1 = M;+ 7, Define the gross rate of money growth
between periods t and t+1 as v, = M;1/M;.Thus, 7, = (v, — 1) M;, and the
gross inflation rate between periods t and t+1 is given by P1/P; = 7,4/ G141

Some static inequalities can be simplified as follows: Under symmetry p
is a function of v and one can define k (v) = Y’ (v) /pu(v). Thus, equality
17 reads w, = k(v). When A > 0, expression 1 becomes ¢, = a,Bzsyq —

2
After substituting the expression for g, expression 14 becomes s; *®' (s,) =
2q: (U (¢p) —wy) -

Using the bargaining solution we can eliminate wg, A, and W: The mul-
tiplier w, can be replaced by w — (1 — ;) w; through 8, with 9 A can be
eliminated, and the wage rate W is given by 10.

To simplify further one can express the dynamic equilibrium conditions in
terms of (n,i, K,w,v,w;,wy) by elimination of w,, and m: The multiplier w,,
can be replaced by k (v) using expression 17, and by definition m = Pq.

2
z— 2 (I% — 5k) K, and with w, > 0, expression 3 reads ¢ =i+ f (n, K).

This leads to a system of static equations:

k(ve) =" (ve) /(i) (21)

q = i + f(ny, Ky), (22)

ct = apBzsiq — v — g (% - 5k) K, (23)
U’ (cr) (1 +b (f{—i - 5k)) = Wi, (24)
s (s54) = 2q, [U' (cr) — wyl (25)

where 21 is a convenient definition and the other equations jointly determine
{@, ct, 1, s1} as functions of the states {n;, i; K;} and the costates {w, wk:}-
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Substituting above expressions into 6 - 15 one gets the dynamic system:

Nepr = (1= 6n) ny + vy (0) (26)

irp1 = (1= 6;) (3 + f(ne, Ki) — Besiqr) (27)

Ky =(1—03)K 4+ a,Bzsq — ¢ — g <— ) K, (28)
= BE {f];:(; (werr + 28011 [U' (Cr41) — wiga] } (29)

k(ve) = E{B (1= 06n)k (ve41) + 0 [wit fa(resr, Kir) — (30)
wit = BE{(1 = 0;) witr1 + Bzsy (w1 — (1 — 6;) Wit+1)}a (31)

2
WKt = FE {B |:<1 — 5k)wKt+1 -+ g <<f<tt—i) — 52) U’ (Ct+1):|
32
+aywit fro (i1, K1)} (32)
where 26 - 28 are the laws of motion of the state variables {n, i;, K;} and the
others are expectational equations for the jump variables {wy, vy, wir, Wk}

A.2 Calibration

For sake of comparability the values of all parameters that were exoge-
nously specified by Shi [21] are kept the same and shown in the 2 first rows
of Table 1. The last row is calibrated in the following way:

As in Shi [21], the disutilities of search and vacancies are assumed to be:

¢ (s) = ¢ (pes) ™, T (v) = Tov?. (33)

Further, assume that the production function has the form:

1—e
Fn, K) = Fon”” (5) "

Qp

1

Total factor productivity is normalized to one: Fy = 1. Define F' = = to
ap

°f
express production per firm as f(n, K) = Fn K¢/,
The capital depreciation rate 0 is assumed to be 2.5% quarterly. The
adjustment cost parameter b is calibrated such that the semi-elasticity of in-
vestment with respect to real asset returns (Tobin’s Q) is 2.25 .'* If ®(I/K)

18See Neiss and Pappa [17].
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denotes the adjustment cost function, then @) = 1/®'(I/K) can be inter-
preted as Tobin’s Q:

Q-1 " I* 1 1
(semi_¢€)rg = — ¢ = =-—7 =0

= =178.
61 ()2 K" b 2.25 - 0y, e

The remaining parameters are functions of steady state values of the
model and are determined endogenously:

The equilibrium equations 21-32 imply the following steady state relations
with a recursive structure:

o _ (1 —di)(1 - Bzs") f(n*, K*)

LT TS —d)( =B (34
=0, K", (35)
wi =U"(c"), (36)

. f(n* K*)
T T —d)(1 - Bes™) (37)
v (v*) = d,n", (38)

. BBzs**w*
=T AA-6) 01— Be) )
7 (5%) = 2 (U7 () — ], (10)
¢ = apBzs* fn, K) — 0 K™, (41)

1—(1—d;)(1— Bzs*)
U/ (C*) _ (7 - Bﬁ(zls; zs* )> (,u*, (42)

(1—=5(1—-6,)) Bzs*w*

o ) T T B s By 8
(43
U/<C*) _ a’pr(n >K ) BBZS w (44)

S 1-B(1-0g) (1= B(1-6) (1~ Bes))

Equations 34 - 39 give (i*, x*, w};, ¢*, v*, w}) as functions of (K*, ¢*, w*, s*,n*).
Further, equations 40 - 44 involve only (K*,c*, w*, s*, n*).

26



Steady state employment n* is normalized to 100. Wage bargaining de-
termines the wage rate according to 10:

— _ 2Bs*"
W=o st =) A =5 = Bas)

[ k7). (45)

*

Using 45 and the definition of the labor income share LIS = W*n*/f, ¢ can
be expressed by:

LIS 1—0)zBs*" f(n* E*)w*
oo (HS_ (-0 B0
ey 1—-038(1—-46;)(1— Bzs*) o
Define further the hiring cost relative to labor cost as:
HC = Yo" /(' W*n*). (47)
Hence
To = wW*n*HC/v*" = w*LIS f*HC/v*, (48)

and by making use of 38
k@)=Y (v /p(v*) =2Ygv* /pu (v*) = 20* LIS f*HC/ (6,n*). (49)

Substituting 46 and 49 into 43 one can solve for e :

(50)

e; = LIS (5+ 2HO(1—5(1—5n))) 1= B(1=3) (1= Bzs)

O BBzs*"

With the hiring cost ratio set to 2% this determines e;.

The steady state equations 41 to 42 and 44 can be used to determine
the parameter ¢, as well as the steady state values K™, c¢* and w*. K* is
required to solve 44 , with U’ (¢*) given by 42, and w* cancels out.

Plugging in the functional form of the production function one gets:

v —=B(1—2s") _ ap(1—es) - F- (£)7 BBzs*
Bzs*® 1-B(1-6k) (1=B(1—6) (1~ Bzs™))’

which can be solved for K*. Once K* is determined, ¢* follows from 41 and
w* from 42. Now w} and ¢* are given by 37 and 39 and ¢ can be calculated
by 46. Finally, ¢, is determined through 40 and 33 and Y is given by 48.

The resulting parameter values are shown in Table 1.
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A.2 Tables

Table 1 Parameter Values

Ie) ¥ RA B z 8 A & u . e

0.99 1.012 2 DE2E3 | 0.2242 | 0.08 0e 0.7 | 0.0447 | DO0EG | 06804

e o g o T d; J b P Ty

0.TE83 | 04232 2 0.3 00479 | 0.0072 | 0.025 | 17.58 0 0.01078

Table 2 Standard Deviations Relative to Output

Variables US-Data Simulation

Merz Andolfatto Hornatein- Khan- Techn. Techn. Both

[15] [1] Sarte [9] Themas [10] Shocka & Mon. Shocks

501.83T  53I.00I0 50 1. 07 IV B4I-021 only Shocks {low HC)

Volatility of GDP: o+ 1.87 1.58 1.80 2.24 0.88 0.88 0.84
(005} {0.08) (0.0} (0,07}

Congump fon 0.40 0.56 0.34 0.59 0.66 0.65
(0.03) ) (0.02) (0,02} (0.08)

Investment 2.39 3.14 2.07 2.68 2.89 2.80
(0.06) B (0.07) (0.12) (0.12)

Capital 0.22 0.25 0.25 0.24
(0.03) ) ) ) {0,109 (0.10) (0.11)

Final Sules 0.51 0.71 0.76 0.93 0.93
B B {0.0%) {0.04) (0.0}

Inventory Investment 0.29 0.48 0.72 0.7T
) ) ) (0.03) (0.08) (0.06)

Fnventories /Fales 0.54 0.57 1.01 1.06
B B . (0.0%) (0.11) {0.11)

Eraplo yment 0.54 0.67 0.22 0.22 0.36
(0.04) ) B {0.04) (0.04) {0.08)

Varaneies 7.31 1.57 1.61 3.49
{0.35) ] ) ] {0,013 (0.04) (0.18)

Note: Columns below the header US-Data present the standard deviation of GDP and
the standard deviations of various US time series relative to GDP (See sources and data
ranges in rows 2 and 3, small sample standard errors are in brackets). All series but
Inventory Investment are in logarithms and detrended via HP-Filter. Inventory Investment
is in levels and expressed as a ratio to GDP. Columns below the header Simulation show
corresponding simulation averages over N=1000 draws for HP-filtered artificial data of
length T=200. “Technol. Shocks only” refers to the case where only technology shocks
hit the model economy, “Techn. & Mon. Shocks” to the case where technology shocks
and monetary shocks are present, “Both Shocks (low HC)” to the case with both shocks
and low hiring costs: HC = 0.2% of wage bill.
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Table 3 Contemporaneous Correlations with Output

Variables US-Data Simulation
Andolfatto Hornatein- Khan- Tachn. Techn. Both
1] Sarte [9) Thomas [10] Shocka & Mon. Shocka

53 1- 60 I 50I- 67 IV 54T1-021 only Shocka (low HC)
Caorrelation with Output
Conzumplion 0.74 0.73 0.92 0.51 0.78
) (0.01) (0.0%) (0.04)
Investment 0.90 0.68 0.96 0.89 0.90
) {000} (001} (0.1}
Final Sales - 0.94 0.94 0.88 0.71 0.67
(0.01) (0.05) {0.08)
Inventory Investment - 0.67 0.67 0.46 0.47
) [0.0%) (0.08) [0.08}
Fnventories/Sales - -0.38 -0.11 -0.08 -0.14
) £0.00) (0.11) (0.11)
Bwmployment 0.73 -0.11 -0.11 -0.23t
) ) {0.06) (0.07) £0.00}
Correlation with Sales

Inventory Investment 0.27 0.41 0.24 -0.30f 0,331
) {0.02) (0.07) {0.06)
Fnventories/Sales -0.59 0.01 -0.19 -0.08
) (0.06) (0.13) (0.11)

Note: Columns below the header US-Data present the correlations of various US time

series relative to GDP and Final Sales, respectively (See sources and data ranges in rows 2

and 3, small sample standard errors are in brackets). All series but Inventory Investment

are in logarithms and detrended via HP-Filter.

Inventory Investment is in levels and

expressed as a ratio to GDP. Columns below the header Simulation show corresponding
simulation averages over N=1000 draws for HP-filtered artificial data of length T=200.
“Technol. Shocks only” refers to the case where only technology shocks hit the model

economy, “Techn. & Mon. Shocks” to the case where technology shocks and monetary
shocks are present, “Both Shocks (low HC)” to the case with both shocks and low hiring
costs: HC = 0.2% of wage bill.

T indicates that the sign differs significantly from the corresponding one in the data.

29




Table 4 Persistence of Production and Sales

Output Final Sales

Correlation(¥:, ¥is) Correlation| F15;, F5%_ ;)
i=1 2 3 4 |i=1 2 3 4

U5 Data

T2 040 010 -013| OF2 043 014 -008
Madel
- Both Shocks neg 042 021 008 | 083 039 021 008

- Technology Shocks | 068 042 021 008 | 088 065 041 018

Note: This table shows the autocorrelations of Output, Y, and Final Sales, FS, for 1 to 4
lags. The values corresponding to US Data are taken from Hornstein and Sarte [9].

“Both Shocks” refers to the situation where both, monetary shocks and technology shocks,
hit the economy. “Technology Shocks”refers to the situation where only technology shocks

are present.
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A.3 Figures
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Impulse responses after a monetary shock with autocorrelation p=0. “small adjustment
cost” corresponds to b=6, “benchmark” to b=17.8, and “constant capital” to b=10000.
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Figure 2 : Role of Inventories: High Depreciation of Inventories
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Impulse responses after a monetary shock with autocorrelation p=0. “delta;=0.95" corre-
sponds to the model where 0;=0.95, i.e. that only 5% of unsold goods survive as inventories

to next period. “benchmark” corresponds to the benchmark model with §;=0.0072.
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Figure 3: CEE Monetary Policy Shock in M1
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Impulse responses after a monetary policy shock in M1 with autocorrelation pg =0.55 and
standard deviation 0, = 0.004716. “benchmark” corresponds to the benchmark model
with p, = 0 and standard deviation 0, = 0.01078.
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Figure 4 :

Technology Shock
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Impulse responses after a technology shock with autocorrelation p4 = 0.979 and standard
deviation 0 4 = 0.00712. “delta;=0.95" corresponds to the model where §;=0.95, i.e. that
only 5% of unsold goods survive as inventories to next period. “benchmark” corresponds
to the benchmark model with §,=0.0072.
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