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INVESTMENT COST CHANNEL AND M ONETARY
TRANSMISSION

Yunus Aksoy, Henrique S. Basso and Javier Coto Martinez

asstrac We show that a standard DSGE model with investnoeist channels h
important model sibility and policy implications. Our analysis sugtge that il
economies characterized by supply side well as ddnside channels of monet
transmission, policymakers may have to resortrttuah more aggressive stand ag:
inflation to obtain locallyunique equilibrium. In such an environment targgtinutpu
gap may cause model instability. We also show thas difficult to distinguisl
between the New Keynesian model and labor costnedaonly case, while wii
investment cost channel differenaag more significant. This result is important
suggests that if one does not take into accountrthestment cost channel, one

underestimating the importance of supply side ¢ffec
JEL E32, E52
Keyword: Cost channel, Investment finance, Taylor rule, tedinacy

oz Calsmada yatirim maliyet kanalini iceren standart DS@dgelinin dikkate dger
bir model istikrarina ve politika ¢ikarimlarina gatlldugu gosterilmektedir. Yapile
analiz, parasal aktarimin hem arz hem talep yoeiirdedigi ekonomilerde, politik
yapicilarin yerel teklik 6zelline sahip bir dengeyi §lama saikiyla enflasyona ks
sert bir duryg sergilemek zorunda kalabileceklerine ve bdyledsiamda cikti aginin
hedeflenmesinin model istikrars@ina neden olabilecgine isaret etmektedi
Calismada ayrica Yeni Keynesyen model ile yalnizca emekyeti kanalini icere
durumun ayirt edilmesinin zor olgu, ancak yatirm maliyeti kanal dikki
alindginda farkliliklarin vurgulu hale gelgli gosteriimektedir.Bu sonug, yatirn
maliyeti kanali ihmal edilgiinde arz yonli etkilerin olmasi gereiti bicimde

degerlendirilemeyecgini gostermesi acisindan dnergitaaktadir.
YATIRIM MALYET KANALI VE PARASAL AKTARIM

JELE32, E52
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1. Introduction

Are supply side effects of interest rates impofafhere is compelling
empirical evidence that cost channels matter. BamthRamey (2001) show
at the manufacturing industries level strong swgile channels in the
monetary transmission are present in the shorteédium run. Ravenna and
Walsh (2006) present corroborating econometric enceé for the direct
influence of monetary policy on the U.S. inflati@djustment equation.
Furthermore, Mayer and Sussman (2004) report ecapievidence that US
firms rely on debt relative to equity in financimgvestment implying the
presence of investment cost channel of monetangmngsion. In this paper
we investigate supply side effects of the monetagnsmission, both
through labor and investment, analyze their redatimportance in monetary
transmission and equilibrium determinacy. We paléidy emphasize the
investment cost channel (Inv-channel).

Altering the standard New Keynesian model by inooaing supply side
considerations and money-credit markets have irapbfocal determinacy
implications. We first find that determinacy regsoare much more narrow
as compared to the literature and second the Tagylmciple is often
violated. Our analysis suggests that when the naoydransmission is
characterized by supply side as well as demand did@nels, inflation
conservatism may be paramount to obtain locallygumiequilibrium. We
show that output gap targeting is prejudicial, oaing the determinacy
region; thereby reinforcing and extending Suriq@808) findings on the
effect of the relevance of labor cost channel (chbnnel). Here we stress
the role played by the investment channel thatifsogmtly amplifies the
indeterminacy problem as compared to the labor mélarFurthermore,
given the importance of investment channel, indeiteacy issues should be
also present in financial accelerator models (sE@d@hkeet al, 1996).

Our simulation results suggest that the presendeve¢hannel is enough
to generate an amplification to the response oinless cycle fluctuations,
as the natural increase of interest rates, whiehnakv a direct part of the
firm's investment cost, curb investment and praduact Moreover key
macroeconomic variables behave in a very similay wder the full cost
channel case (that is labor and Inv-channels tegetind the investment
channel case. On the other hand, it is difficuldistinguish between the
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standard NK model and labor channel only case imgeof dynamic
behavior of macroeconomic variables. The paper estgghat if one does
not take into account the investment cost chanmgle may be
underestimating the importance of supply side ¢&ffec

2. Model

The economy consists of a representative householdn, a financial
intermediary (FI) and a central bank.

2.1. Households
The household is maximizing its discounted lifetintidity given by:
Cl 2 H l1+q

max EZ,B[ - ]
o (o n >0
DL ALH, 1-0 1+/7 £O001) o

1)

C,.M

tr

where C, denotes the household's total consumptibl, denotes labor

supply. The family faces the following budget araslt-in-advance (CIA)
constraints:

Ct+B “1+E(Q“*1A‘] PtH +Af‘1+R‘PDt+ t+J.I'I|td|+l'IF' -1, @

P P

t t t t t
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where R represents the rate of return on the intra-perigbditD, M ¢,

money holdings carried over to period t+A,alternative physical assets
valued at the stochastic discount factog, (Q, ,.,) , _[ln'ldi dividends
’ o I,

accrued from the intermediate producers to housishbl " profits of the

FI accrued to the household, afidthe lump-sum taxes households have to

pay. Household needs to allocate money balanceswagd income for
consumption purposes net of deposits.

! We include a portfolio of assets because we wsk the stochastic discount factEr‘ (Q ) 0

explicitly link the firm's problem to the househsldAlternatively, we could directly incorporate tredative
marginal utilities in the firm's problem. Thus tilroduction of the assets does not alter the tesuesented
here.

2 We assume intra- period deposits, which imply ¢besumption Euler equation is equivalent to the iane
the standard NK model. An alternative specificatwinere deposits clear next period yields an aduitio
channel of monetary transmission through the redhrze effect on consumption. In this environment
consumption today is determined by the expecteduoption two periods ahead (¢,,,) . and the future

evolution of interest rates. This forward lookirgpact when combined with the presence of cost disufias
important implications for determinacy, as discdsseAksoy, Basso, Coto Martinez (2009).
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2.2. Firms

The final goods representative firm produces goadsnbining a
continuum of intermediate gooids[01]. We obtain the standard demand

function and aggregate price level, stated below.

Dym —1}51, = % Y, and P Ip,t (4)

The intermediate sector is constituted of a cowntimuof firms
i 0 [0.1] producing differentiated goods with the CRS tecbgpi

y, = K7H!? 5)

where K is the capital stock and H is the laborduseproduction. The firm
hires labor and buys capital (goods) in the capitatket. It is assumed that
the firm must borrow money to finance these expengée first solve the
intermediate firms' pricing decision given the reerginal cost and then for

the cost minimization problem. Firm i, when allowedsets
pricesP  according to a Calvo pricing scheme:
P
max E {Z t+th t+sw yl t+S|: P - /\t+s:|} (6)
P t+s

subject to the demand function, whekeis the real marginal cost of the

firm.®> We obtain the real marginal cost, by solving farimtertemporal cost
minimization problem.

min {ZQ“H(R" WH,, +R" Pllt)} )

K H, .

it+11

subject to the production function (5) and invesimeequation
I, =K . - @-9)K,,, whereW, is the nominal wage, an®,_, the rate the

it+1

bank charge for the loan made in period t, to be pat+1l and\,is the
multiplier of the constraint (5 . Expression RIEWH,  + RAPRI

thit

3 Although we have firm specific capital, becausetld Cobb-Douglas production function, the ratio of
capital and labor is constant across firms. Theegfthe marginal cost here is the same across fimisdo
not depend on the firm's specific capital and itsephistory as it does in Woodford (2005).

4 Investment decisions are firm-specific. In ordeatvoid complications that will arise due to conation of
firm specific capital and Calvo pricing, we assuthe existence of a capital market between firmds Th
allows firms to buy and sell capital at the backmmb Note that as shown by Sveen and Weinke (20@7)
relevant difference of considering firm specifipital is that the parametéf in the New Keynesian Phillips
Curve will be smaller, implying greater price stiméss. Our results are not qualitatively affected b
introducing firm specific capital.
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characterizes the costs of firms given that theadrte borrow from the FI to
finance wage and investment paymé‘ni%arameters;1 0[oA], v, 0[04]

specify the importance of the cost channel of labod investment,
respectively. Full cost channel is representedypy v, =1; only Lab-

channel is present when = 1,v, = 0 and only Inv-channel is present when
v, =0,v, =1. The stochastic discount factor in period t forige t is given

by Q. =1.

2.3. Financial Intermediary and Central Bank

The FI gets deposits from the household and lemaisesnto the firms in
the form of loans (L). Formally the FI problem iso t
maximizeR_,D, - R D,overD, . That impliesR _, = R, . In equilibrium the
demand for credit to pay the production input nhesequal to the supply of
credit made by the banking system. The credit sujgpldetermined by
deposits. Therefore, the credit market condition @ven by
Vllel + V2PIII = DI :

The central bank follows a Taylor rule in settingerest rates (where
X denotes the steady state of x):

1-¢

ARG

2.4. Equilibrium
Consumer problem is represented by the standaet Eahditions®
’GE‘(&j =c )
t+1
AT W {10
c” R

From the consumer problem we obtain the stochd&eount factor:

A ce
Q= o e[ S
v T A, cm,

® Note that asR“\WH =WH +(R-2)v,WH the cost function used in the firm's problem isieglent to
having the firm paying the full labor costs and tiet interest rate on the portiq‘,ul\NH that needed to be
borrowed. That implies the firm has only a portlbs V, of the labor costs at its disposal at the beginoing

the period, when wages must be paid. The sameeagpli investment.
® The Euler equation stated holds as an equalityrapas D, > owhich is the case at equilibrium.
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The goods market clearing condition reads:
Y, =C, +1, (11)

The capital and labor market clearing conditiongiven by K, = I:Ki,tdi

andH, = ['H, di .
Investment evolves according to:
li, = Ky —@-9)K,, (12)
The price setting equation is given by solving (6):
e BN PQun@ Y] 13

it~

-1 i s Yites
Et{Zs:O Pt+th,t+sw P’t }

t+s

Finally, from the firm problem we obtain the demdadcapital and labor
and the optimal price. After some manipulationsolain the equilibrium
conditions:

= R'WH, (14)
PtYi,t (1_ 0’)
R =ﬁEt{ - {/\ AP +(1—5)R:flﬂ (15
t+1 i+l

As conditions (14) and (15) reveal, the real malaost of the firm will
be, among others, a function of both current atdréuexpected short term
rates. The Inv-channel also shows the impact ofettgected labor supply
decisions on the real marginal cost. Ravenna angdhiN@006) derive their
aggregate supply equation based on the impact lafypchanges on labor
cost financing. To get Ravenna and Walsh (2006) heed to remove the
cost channel in investment. In this case, expeletieor supply and nominal
rates in period t still affect the real marginaktso By assuming = Owe
obtain Inv-channel only (see Kurozami and Van Zaggie, 2008). In this
case, both current and expected interest ratésrglilence real marginal
costs’

The equilibrium of the economy is defined as théocaltion set
{C..H,.K..,,M .Y} and the vector of pricgp,,,P,W,,R,A,}such that

the household, the final good firm and intermedifiteis maximization

" Dow (1995) obtains a similar expression for inwestt using a slightly different discount factoncs firms
have to pay the capital input in advance and area@se in nominal interest rates raises the caqotl



Aksoy, Basso and Martinez | Central Bank Review 11(2):1-13 7

problems, the market clearing conditions and theegament budget
constraint, given by equations (5), (4), (8), (915), hold.

For the numerical exercise, we set the parameteiintdrtemporal
elasticity of substitutioro =1, the parameter of intertemporal elasticity of
labor supplys =1.03, the discount factog? =0.99, the depreciation rate,

0 =0.05 per quarter, the steady state share of ialsome in total output of
66%, i.e.a =0.36, the Calvo parameter=0.66. We set the share of steady
state consumptios, =0.625, and the share of steady state investment

s =0.275.

3. Model Determinacy

Woodford (2003) discusses conditions for determinat equilibrium
within the setting of a cashless NK framework (Tayprinciple). He argues
that when a monetary policymaker targets output g to inflation she
effectively relaxes the conditions for equilibriudeterminacy. He also
shows that interest rate smoothing is useful imiointg a locally unique
equilibrium. While we concur that interest rate sthming is indeed
important to achieve a unique local equilibriuntgéing output gap is in
fact counter productive for determinacy purposes. filid that uniqueness
of equilibrium is harder to obtain in the preserafecost channels and
money-credit markets. Both cost channels are imporfor this result.
However, we find that the presence of Inv-channatrows down the
parameter space that the policymaker can use ltdiztathe economy more
significantly than the Lab-channel.

Figure 1 illustrates the effect of the two types aafst channel on
indeterminacy when the monetary policy rule hasinterest rate inertia
(€,=0) and targets inflation and outpw, (0). While in the NK model the

monetary authority ensures uniqueness responding than one to one to
an inflation deviation that is not sufficient ineticase both cost channels are
in place; the inflation parameter must be great&nt1.6 to ensure
determinacy. Although both labor and invest costneiels contribute to that
result, an economy with Inv-channel requires angjeo response to inflation
deviation than when only the Lab-channel is present
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Figure 1. Cost Channel Effects — Varying/, and V,
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(c) Effect of Labour Cost Channel - v =1 (d) Effect of Labour Cost Channel - v =0

Figure 2 focuses on the effect of interest rateathing on indeterminacy
when cost channels are present. Cost channels hitlee effect on
indeterminacy comparing to a standard NK modelbdth cases, interest
rate smoothing helps increasing the determinadgpmneg
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Figure 2. Cost Channel Effects — Interest Rate Smtiting (Ey =0.5)
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(a) Full Cost Channel (b) No Cost Channel or NKM model

In Figure 3 we look at the determinacy effects ltérang the monetary
policy response to output deviations, §. As Figure 3 (d) shows, increasing

output targeting has a mildly positive effect, masing the determinacy
region in the benchmark NK model. When cost chanrak present,
however, increasing the output gap parameter deesedhe area of
determinacy. When both channels are present, grel, the monetary

authority can not guarantee stability even if iaehes interest rates by two
times the inflation deviation. Once again, althoumith cost channels are
important for this result, the Inv-channel app&acantribute more than the
Lab-channel.

This is because, with cost channels, while a cotitnaary policy change
leads to a contraction of the economy, it leada tiecrease in inflation via
the demand channel and an increase via the supagnels. Targeting
output together with inflation requires aggregatemdnd channels
dominating the supply channels (see also Suric082@ith a cost channel
only in labor).
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Figure 3. Cost Channel Effects — Output Targeting £, =0)
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We conclude that indeterminacy problems are muclersevere within
these model settings. The Taylor-Woodford principlat prescribes simple
conditions for ensuring macroeconomic stabilityofsen violated. If the
macroeconomic environment includes supply side e & demand side
considerations, a very aggressive stand againkttiorf is paramount to
achieve model determinacy.

4. Monetary Transmission

The analysis of the stability of model indicatedttln interest rate rule
with parameters, =0.5, £,=1.5 delivers model stability under all types of

cost channels if and only if there is strong indérate smoothing. Therefore
we will run model simulations where, =1. We analyze the response

of key macroeconomic variables given a policy shdek, ), with an
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autocorrelation coefficient equal to 0.5 and a déad deviation set equal to

1% in the case of following cages
«  full cost channely, =v, =1),

*  no-cost channel or NK model with investment € v, =0),

« only Lab-channely, =1,v, =0),
* only Inv-channel ¢, =0,v, =1).

Figure 4. Impulse Responses — Policy Shock
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Figure 4 shows the comparison of consumption, imvest, output and
inflation with respect to this monetary policy skodere, the output-
inflation trade off result is absent. A contractoy monetary policy shock
yields a decline in inflation and output in linetviNK arguments. The
impulse responses of the model with full-cost clehrand the Inv-channel
only are similar to each other but significantlyfelient to the responses
observed for the models with no-cost and Lab-chlafiitee NK model and
the Lab-channel model yield very similar impulsspenses.

8 We have also analyzed the impulse responses éstiment, taste and inflation shocks. In these oaseso
not observe a significant difference between labmat investment cost channels.
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As Christiancet al (2005) point out, one of the main discrepanciehe
NK model with investment in relation to the data tisat after a
contractionary monetary policy shock, investmenvesoto strongly driving
output down but consumption responses are quite Iflaorder to correct
this anomaly they introduce investment adjustmestsc As Figure 4 shows
the models without Inv-channel are subject to @aes problem. This is not
the case when the Inv-channel is present. Investam@houtput respond less
and consumption falls after a monetary policy sRock

5. Conclusions

Our analysis suggests that in economies charageteby supply side well
as demand side channels of monetary transmissudicymakers may have
to resort to a much more aggressive stand agaifiation to obtain locally
unique equilibrium. In such an environment targgtutput gap may cause
model instability. We show that the Inv-channesoahssumed by Bernanke
et al (1996), is the main driver of this result, heniceleterminacy issues
should be present in financial accelerator models.

Our simulation results suggest that the presenteve¢hannels is enough
to generate an amplification to the response oinless cycle fluctuations,
as the increase of interest rates, which are nalwext part of the firm's
investment cost, curb investment and productiony Keacroeconomic
variables behave in a very similar way under tHecost channel case and
the Inv-channel case. On the other hand, it iscditff to distinguish between
the standard NK model and the model including @h&/ Lab-channel. This
result is important as it suggests that if we dugtake the Inv-channel into
account, we underestimate the importance of sugighy effects in monetary
transmission.
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