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Abstract

Advanced economies are increasingly based on intangible capital. Intangible
capital has at least two special characteristics compared to tangible capital. First,
it can be simultaneously used to produce different goods. Second, it is less suitable
as collateral for obtaining external funds than tangible capital. These features could
influence monetary and macroprudential policies. Against this backdrop, we study
the effects of monetary and macroprudential policies by using a dynamic stochastic
general equilibrium model with intangible capital and a banking sector. In our
model, sector-specific productivity shocks to tangible and intangible production have
different effects on the economy, in particular on inflation and loans. In addition, the
two shocks lead to different reactions of monetary and macroprudential policies. As
a result, the volatility of macroeconomic variables differs across shocks and policy
rules. In particular, augmented Taylor rules increase the volatility of loans after an
intangible productivity shock and, from this perspective, appear to be less desirable
than macroprudential rules after this type of shock. However, welfare effects of
different policy rules are not qualitatively different across shocks because of similar
impacts on the volatility of consumption.
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1 Introduction

The importance of intangible capital such as software, research and development (R&D),

or organizational capital has been increasing in the last few decades. The literature em-

phasizes two important features of intangible capital. First, it can be used simultaneously

to produce different goods, and second, it is less suitable than tangible capital as collat-

eral for obtaining external funds. These special characteristics of intangible capital raise

the question: Does the presence of this type of capital affect the transmission channels

of monetary and macroprudential policies? In this study, we use a dynamic stochas-

tic general equilibrium (DSGE) model with intangible capital and a banking sector to

study the effects of monetary and macroprudential policies. We contribute to a growing

literature that investigates whether monetary and macroprudential policies can miti-

gate the instabilities stemming from the financial sector; if so, policy reaction functions

should be complemented with targets for financial measures such as the evolution of

loans. Researchers have analyzed the effects of such augmented Taylor rules and macro-

prudential tools in theoretical and empirical studies and investigated the interactions

between monetary and macroprudential policies.1 Our study is related to the subset of

this literature on financial frictions and various policy rules in a DSGE framework. We

examine whether a model including intangible capital affects the economic implications

of monetary and macroprudential policies. In doing this, our paper is also related to the

previous literature on the economic effects of intangible capital within a DSGE frame-

work2 and extends this literature in two respects. First, while the previous literature has

mostly focused on the non-pledgeability of intangible capital, we also focus on another

important characteristic of intangible capital that allows it to be simultaneously used

to produce different goods. Second, we focus our analysis on monetary and macropru-

dential policies in an intangible economy and put less emphasis than other studies on

additional aspects such as labor market dynamics.

In general, intangible capital formation can be interpreted as strategic investments in

the long-term growth of companies and the economy. In a narrow sense, intangible

investments include intellectual property products (software, R&D, and entertainment,

literary, and artistic originals), which are now included in the System of National Ac-

counts. In a broader sense, intangibles additionally include organizational capital, busi-

1Only a subset of the huge literature can be cited here. For example, Bernanke (2011), Admati et al.
(2010), Meh and Moran (2010), Borio (2011), Cecchetti and Kohler (2012), Galati and Moessner (2013),
Lambertini et al. (2013), Claessens (2015), Cerutti et al. (2017), Galati and Moessner (2018), Svensson
(2018), and Bekiros et al. (2018).

2See, e.g., Perez-Orive (2016) or Lopez and Olivella (2018).
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ness expenditures on market development, and managerial expertise.3 If we consider

the broad definition of intangibles, firms in many advanced economies invest more in

intangible capital than in tangible capital. We model intangible capital in this paper

by following McGrattan and Prescott (2010, 2014), which implies that intangible capital

can be simultaneously used to produce new tangible and intangible goods. In our model,

entrepreneurs invest in physical and intangible capital. Crucially, we assume that they

cannot use intangible capital as collateral to borrow from banks. Studies have repeat-

edly stressed that intangible capital such as R&D is more difficult than tangible capital

to use as collateral to obtain external financing, mainly because tangible assets can be

better seized in case of default (e.g., Hall and Lerner (2010) or Becker (2013)). Provided

that tangible capital can be better used as collateral, an increase in the importance of

intangible capital reduces the access of firms to outside financing and could potentially

affect the transmission channels of monetary and macroprudential policies. Our model-

ing of the banking sector is similar to that in Gambacorta and Signoretti (2014), where

a simplified version of Gerali et al. (2010) is used. In particular, loan spreads depend en-

dogenously on the leverage of banks. Because of this endogenous spread, a bank lending

channel arises, which opens up a possibility for the central bank and macroprudential

authorities to intervene and influence the evolution of financial variables.

Within our framework, we examine the economic effects of augmented Taylor and macro-

prudential rules. As to monetary policy, we augment a standard Taylor rule with a reac-

tion to the evolution of bank loans. Regarding macroprudential policy, we focus on two

(out of several) instruments that our model is suitable to analyze. One instrument, which

has gained considerable attention, is targeted towards financial institutions and imple-

ments countercyclical capital buffers (e.g., Drehmann et al. (2010), Brei and Gambacorta

(2014)). The other instrument is targeted toward borrowers and uses the loan-to-value

(LTV) ratio as a policy instrument (e.g., Claessens (2015)). Both macroprudential rules

react to the evolution of loans. In our analysis, we first investigate the effects of sector-

specific productivity shocks, that is, shocks to tangible and intangible production. We

find that the two sector-specific shocks have different effects on economic variables and

the financial system. Under a standard Taylor rule, a positive shock to the productiv-

ity of tangible production reduces inflation and increases loans - a result also obtained

by conventional models with only tangible goods. By contrast, a productivity shock to

intangible production leads to a short-run increase in inflation because intangible pro-

ductivity shock raises aggregate income leading to higher aggregate consumer demand

3For an overview, see Corrado et al. (2009), Corrado et al. (2013), Corrado et al. (2016), or Haskel
and Westlake (2017).
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for tangible goods. Because no productivity shock occurred in the tangible sector, the

higher demand leads to higher inflation. Capital investment will be biased toward intan-

gibles, which has a dampening effect on the demand for loans because intangibles cannot

be used as collateral. Over the medium-term, the initial intangible productivity shock

feeds through the economy and leads to decreasing prices, higher tangible investment,

and gradually higher corporate debt.

We then investigate the effects of augmented Taylor rules and macroprudential policies

that react to the evolution of loans. In particular, we examine the effects of these rules

on macroeconomic stabilization and welfare. Our results suggest that the nature of the

productivity shock and the choice of policy rules affect the volatility of macroeconomic

variables and, from this perspective, should influence the decision regarding the appro-

priate rules framework. In particular, augmented Taylor rules increase loan volatility

after intangible productivity shocks (and decrease loan volatility after standard tangible

shocks), which questions the suitability of this rule if there are intangible productivity

shocks in an economy. This result is not surprising in the context of the aforementioned

differences in the impulse response functions after the two sector-specific shocks. In

terms of welfare, however, our simulation results do not imply qualitative differences

across the two productivity shocks because of similar impacts on the volatility of con-

sumption. An augmented Taylor rule delivers better results than a standard Taylor rule

for both types of shocks. Macroprudential rules appear to be less desirable in terms of

total welfare than standard and augmented Taylor rules. Importantly, for both types

of productivity shocks, the same distributional conflicts emerge between entrepreneurs

(who borrow and invest) and workers (who save). Augmented Taylor rules are associated

with lower volatility of consumption of savers than macroprudential rules are and appear

to be desirable for savers from a welfare perspective. For entrepreneurs, however, the

volatility of consumption is lower under macroprudential rules than augmented Taylor

rules and are therefore desirable to them from a welfare perspective. Based on these wel-

fare results, policy-makers would not need to distinguish between tangible and intangible

shocks. However, only focusing on welfare masks the aforementioned effects of policy

rules on macroeconomic variables and their volatility across the two productivity shocks.

The remainder of this paper is organized as follows. Section 2 develops a DSGE model

with two sectors: one producing tangible goods and the other delivering intangibles.

Further, a banking sector is added to the model. Section 3 outlines the calibration

strategy, and in Section 4, we present the results of our simulations and investigate the

4



quantitative findings of our model. Section 5 concludes the paper.

2 Model

There are two types of individuals in our model. Patient households work in the tangible

and intangible goods sectors and are savers. Impatient entrepreneurs invest in tangible

and intangible capital. They can borrow funds from financial intermediaries to finance

tangible investment. However, they face borrowing constraints. Intangible investment

has to be financed by entrepreneurs out of retained earnings. As elaborated below, fi-

nancial intermediaries operate in a monopolistically competitive environment channeling

the savings of patient individuals to entrepreneurs.

2.1 Patient Households

Patient individuals maximize a standard utility function

Et

{ ∞∑
t=0

(βp)t
(

lncpt − ψ
h1+ν
t

1 + ν

)}
(1)

where cpt is consumption, ht is hours worked and the preference parameters βp, ψ, and ν

are positive. Et{} denotes the expectation operator. The budget constraint is given by

the following expression in nominal terms

Ptdt + Ptc
p
t = Pt−1(1 + rdt−1)dt−1 + Ptwtht (2)

where dt is the amount of real savings deposits, rdt is the interest rate, wt is the wage

rate, and Pt is the consumer goods price index. In real terms, this constraint can be

written as

dt + cpt =
(1 + rdt−1)dt−1

Πt
+ wtht (3)

where Πt denotes gross inflation. The maximization problem for patient individuals is

then given by

max
cpt ,ht,dt

Et

{ ∞∑
t=0

(βp)t
[

lncpt − ψ
h1+ν
t

1 + ν
− λ0

t

(
dt + cpt −

(1 + rdt−1)dt−1

Πt
− wtht

)]}
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where λ0
t is the Lagrange multiplier. The first order conditions with respect to {cpt , ht, dt}

are

1

cpt
= λ0

t (4)

ψhνt = λ0
twt (5)

βp(1 + rdt )Et

{
λ0
t+1

Πt+1

}
= λ0

t (6)

2.2 Entrepreneurs

Entrepreneurs choose their level of consumption cet and invest in tangible and intangible

capital (kTt and kIt ). They can borrow at the interest rate rbt from financial intermediaries.

Their borrowing constraint is determined by the amount of tangible capital. The utility

function of entrepreneurs is given by

Et

{ ∞∑
t=0

(βe)t lncet

}
(7)

where the discount factor βe is assumed to be lower than for patient individuals. This

utility function is maximized subject to the budget constraint

Ptc
e
t + PtxT,t +QtxI,t + Pt−1bt−1(1 + rbt−1) =

PtrT,tkT,t + PtrI,tkI,t + Ptbt + Prt
(8)

where xT,t is investment in tangible capital. xI,t is intangible investment and Qt is its

nominal price. The rates of return on tangible and intangible capital are denoted by rT,t

and rI,t, respectively. The capital stocks depreciate at rates δT and δI for tangible and

intangible capital, respectively. Prt captures profits from tangible and intangible pro-

duction not directly attributed to capital. Borrowing is denoted by bt and is constrained

by bt ≤
mEt{Πt+1kT,t+1}

1+rbt
. The parameter m governs the LTV ratio. Adding convex adjust-

ment costs for investment (determined by ψkT and ψkI ), the laws of motion for tangible

and intangible capital are given by

kT,t+1 = xT,t −
ψkT

2

(
xT,t
kT,t
− δT

)2

kT,t + (1− δT )kT,t (9)
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kI,t+1 = xI,t −
ψkI
2

(
xI,t
kI,t
− δI

)2

kI,t + (1− δI)kI,t. (10)

Total hours worked ht are composed of hours worked for tangible output h1
t and hours

worked to produce intangible output h2
t . Dividing by Pt, we can express the constraints

of the entrepreneur in real terms

(1 + rbt−1)bt−1

Πt
+ xT,t + qtxI,t + cet = bt + rT,tkT,t + rI,tkI,t +

Prt
Pt

(11)

xT,t = kT,t+1 − (1− δT )kT,t +
ψkT

2

(
xT,t
kT,t
− δT

)2

kT,t (12)

xI,t = kI,t+1 − (1− δI)kI,t +
ψkI
2

(
xI,t
kI,t
− δI

)2

kI,t (13)

(1 + rbt )bt ≤ mEt{Πt+1kT,t+1} (14)

where qt = Qt/Pt is the relative price of intangible capital. The first-order conditions

with respect to {cet , bt, xT,t, xI,t, kT,t+1, kI,t+1} are then given by4

1

cet
= λ1

t (15)

βe(1 + rbt )Et

{
λ1
t+1

Πt+1

}
+ λ4

t (1 + rbt ) = λ1
t (16)

λ1
t = λ2

t

[
1− ψkT

(
xT,t
kT,t
− δT

)]
(17)

λ1
t qt = λ3

t

[
1− ψkI

(
xI,t
kI,t
− δI

)]
(18)

λ2
t = βeEt

{
λ1
t+1rT,t+1 + λ2

t+1

(
1− δT +

ψkT
2

(
x2
T,t+1

k2
T,t+1

− δ2
T

))}
+ λ4

tmEt {Πt+1}

(19)

λ3
t = βeEt

{
λ1
t+1rI,t+1 + λ3

t+1

(
1− δI +

ψkI
2

(
x2
I,t+1

k2
I,t+1

− δ2
I

))}
(20)

4We denote by λ1
t , λ

2
t , λ

3
t , and λ4

t the Lagrange multipliers for the four constraints.
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2.3 Firms

Tangible and intangible goods are produced by a continuum of firms, each of which has

local monopoly power. An intermediate firm i ∈ (0, 1) uses two constant returns to scale

technologies to produce tangible and intangible goods. Firms produce tangible output

yt(i) with tangible capital k1
T,t(i), intangible capital kI,t(i), and labor h1

t (i). Firms also

produce intangible output xI,t(i) - such as software, R&D, brands, or organization capital

- using tangible capital k2
T,t(i), intangible capital kI,t(i), and labor h2

t (i). The intangible

characteristic of kI,t(i) makes it possible for the total stock of intangible capital to be

simultaneously used as an input in both business sectors as in McGrattan and Prescott

(2014). In the following, we drop the index i where appropriate to simplify the exposition.

The two production functions are given by

yt = A1
t

(
k1
T,t

)θ
(kI,t)

φ (h1
t

)1−θ−φ
(21)

xI,t = A2
t

(
k2
T,t

)θ
(kI,t)

φ (h2
t

)1−θ−φ
. (22)

where yt is used to satisfy consumer demand and tangible investment. Note that ht =

h1
t +h2

t and the patient individual receives the same wage for the two types of labor. The

sector-specific technology variables A1
t and A2

t follow AR(1)-processes of the following

types

lnA1
t+1 = ρA

1
lnA1

t + (1− ρA1
)lnA1 + εA

1

t+1

lnA2
t+1 = ρA

2
lnA2

t + (1− ρA2
)lnA2 + εA

2

t+1

The parameters ρA
1

and ρA
2

govern the persistence of these processes. εA
1

t+1 and εA
2

t+1

denote the two sector-specific technology shocks. Firms minimize real costs subject to

the production functions

min
k1T,t,k

2
T,t,kI,t,h

1
t ,h

2
t

rT,t(k
1
T,t + k2

T,t) + rI,tkI,t + wt(h
1
t + h2

t )

−mc1
t

(
A1
t (k

1
T,t)

θ(kI,t)
φ(h1

t )
1−θ−φ − yt

)
−mc2

t qt

(
A2
t (k

2
T,t)

θ(kI,t)
φ(h2

t )
1−θ−φ − xI,t

)
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Cost minimization is complicated because the firm uses two different production func-

tions. Moreover, the same stock of intangible capital appears in both production func-

tions. The first order conditions with respect to {k1
T,t, k

2
T,t, kI,t, h

1
t , h

2
t } are given by

rT,t = θ
mc1

t yt
k1
T,t

(23)

rT,t = θ
mc2

t qtxI,t
k2
T,t

(24)

rI,t =
φmc1

t yt + φmc2
t qtxI,t

kI,t
(25)

wt = (1− θ − φ)
mc1

t yt
h1
t

(26)

wt = (1− θ − φ)
mc2

t qtxI,t
h2
t

(27)

We follow Calvo (1983) in assuming that firms cannot flexibly set their prices. In each

period, a firm has the opportunity to adjust its prices; an event that occurs with the

probability 1 − ε for tangible prices and 1 − ξ for intangible prices. When the firm

does not reset its price, it applies the price it charged in the preceding period such that

Pt(i) = Pt−1(i) and Qt(i) = Qt−1(i). When it has an opportunity to reset, firm i chooses

its optimal prices Pt(i)
∗ and Qt(i)

∗ in period t to maximize the expected discounted

profit flow generated by these new prices. The expected profit flow is maximized subject

to standard expressions for demand

yt(i) =

(
Pt(i)

Pt

)−ω1

yt

and

xI,t(i) =

(
Qt(i)

Qt

)−ω2

xIt

This leads to the price-setting equations

Et


∞∑
j=0

(βeε)j
λ0
t+j

λ0
t

(
(1− ω1)

(
P ∗t (i)

Pt+j

)−ω1

yt+j + ω1
Pt+j
Pt+j(i)

(
P ∗t (i)

Pt+j

)−ω1

mc1
t+jyt+j

) = 0

9



and

Et


∞∑
j=0

(βeξ)j
Λ0
t+j

Λ0
t

(
(1− ω2)

(
Q∗t (i)

Qt+j

)−ω2

xI,t+j + ω2
Qt+j
Qt+j(i)

(
Q∗t (i)

Qt+j

)−ω2

mc2
t+jxI,t+j

) = 0

All firms that reset their prices in period t set them at the same level. This implies the

following expressions

P ∗t =
At
Bt

and

Q∗t =
Ct
Dt
,

where At, Bt, Ct, and Dt are defined as

At = Et

{
ω1

ω1 − 1
λ0
t+jP

1+ω1
t mc1

t yt + βeεAt+1

}
(28)

Bt = Et
{
λ0
t+jP

ω1
t yt + βeεBt+1

}
(29)

and

Ct = Et

{
ω2

ω2 − 1
λ0
t+jQ

1+ω2
t mc2

txIt + βeξCt+1

}
(30)

Dt = Et
{
λ0
t+jQ

ω2
t xIt + βeξDt+1

}
(31)

The price indices are given by

Pt =

(∫ 1

0
Pt(i)

1−ω1di

) 1
1−ω1

and

Qt =

(∫ 1

0
Qt(i)

1−ω2di

) 1
1−ω2
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These indices comprise surviving contracts and newly set prices. In each period, the

probability that a tangible output price contract will end is 1− ε and that of an intan-

gible output price contract is 1 − ξ. Then, the aggregate price levels can be expressed

recursively as

Pt =
(

(1− ε)P ∗1−ω1
t + εP 1−ω1

t−1

) 1
1−ω1 (32)

and

Qt =
(

(1− ξ)P ∗1−ω2
t + ξP 1−ω2

t−1

) 1
1−ω2 (33)

2.4 Banking Sector

The modeling of the banking sector closely follows the approach in Gambacorta and

Signoretti (2014), which is a simplified version of Gerali et al. (2010). The banking

sector comprises a wholesale branch and a retail branch. The wholesale branch collects

deposits dt from households and pays an interest rate rdt on these deposits. This interest

rate is equal to the interest rate on the interbank market and is assumed to be deter-

mined by the central bank. Therefore, the wholesale deposit rate is equal to the policy

rate rt. Further, the wholesale branch issues wholesale loans bt at the interest rate Rbt .

The retail banks buy wholesale loans, differentiate them at no cost and resell them to

final borrowers. Each unit charges a fixed markup µ on the wholesale loan rate to de-

termine the retail loan rate. The loan rate for entrepreneurs is thus given by rbt = Rbt +µ.

The wholesale branch has a target leverage ratio vb determined by macroprudential policy

and pays a cost for deviating from that target. This implies that the degree of leverage

influences the interest rate on loans. Developments in the real economy affect bank

profits, bank leverage and the financing conditions of borrowers. Bank profits comprise

the net interest margin (loan minus deposit interest payments) minus the (quadratic)

cost that the bank has to pay for deviating from its target leverage vb. This cost is

parametrized by κkb . The leverage of the wholesale branch is accumulated by its own

funds kbt that are accumulated out of reinvested profits

Πtk
b
t = (1− δb)kbt−1 + jbt−1, (34)

11



where jbt are overall real profits made by the branches of each bank and δb measures

the resources used in managing the bank capital. In the wholesale branch, bt and dt are

chosen to maximize profits subject to a balance-sheet constraint

max
bt,dt

Rbtbt −Rdt dt −
κkb

2

(
kbt
bt
− vb

)2

kbt (35)

bt = dt + kbt (36)

The first-order conditions for a wholesale branch yield a condition linking the spread

between wholesale rates on loans and deposits to the deviations from the targeted inverse

of the leverage ratio kbt/bt

Rbt = rdt − κkb
(
kbt
bt
− vb

)(
kbt
bt

)2

(37)

This equation implies that the interest rate on loans equals the policy rate plus a spread

that depends on the bank leverage.

2.5 Central Bank and Macroprudential Policy

We consider several versions of Taylor rules. In the baseline case, the central bank follows

a simple standard Taylor rule and reacts only to consumer price inflation

ln(Rt) = ρrln(Rt−1) + (1− ρr)ln(R) + γπ (ln(πt)− ln(π)) (38)

Variables without a time index are steady states. As discussed in the introduction, we

then consider an augmented version of a Taylor rule, where the central bank reacts to

the deviations in loans (bt) from its steady-state value

ln(Rt) = ρrln(Rt−1) + (1− ρr)ln(R) (39)

+γπ (ln(πt)− ln(π)) + γb (ln(bt)− ln(b)) (40)

Further, we investigate the effects of the two macroprudential rules as discussed in the

introduction. In the first rule, the authorities adopt a countercyclical rule for the leverage

ratio. vbt then becomes a variable and reacts to the evolution of loans according to the

following expression

vbt = ρvv
b
t−1 + (1− ρv)vb + τv(log(bt)− log(b)) (41)

12



Next, we consider a rule where macroprudential authorities adjust the LTV ratio to

deviations in loans from its steady-state value

mt = (1− ρm)m+ ρmmt−1 − τm(log(bt)− log(b)) (42)

3 Choice of Parameter Values

The model is solved using a second-order approximation around the non-stochastic steady

state.5 Table 1 depicts the chosen parameter values for our simulation exercises. We aim

to be close to standard parameters in the literature. Note that one period corresponds to

one quarter. For the shares of tangible and intangible capital in production, we mainly

draw from the values used by McGrattan and Prescott (2012) or Corrado et al. (2009).

We set the share of tangible capital θ at 0.2 and the share of intangible capital φ at 0.15.

This captures the fact that intangible capital, when defined broadly, is almost as impor-

tant as tangible capital in advanced economies. Thus, 0.65 remains for the labor income

share of total output. In sensitivity analyses, we assume θ = 0.25 and φ = 0.1. The value

of ψ is chosen such that h = 1/3 in steady-state. Following McGrattan and Prescott

(2012), we set the depreciation rate of intangible capital equal to that of tangible cap-

ital and choose standard values at 0.025. The literature on intangible investments has

emphasized that different forms of intangible capital could be associated with different

depreciation rates. However, our qualitative results do not hinge on reasonable variations

in depreciation rates. For the parameter values related to the financial sector, we fol-

low the values suggested by Gerali et al. (2010) and Gambacorta and Signoretti (2014).

The adjustment cost parameter for tangible capital ψkT is set to match the standard

deviation of tangible investment relative to GDP in advanced economies, which is ap-

proximately 3.0. For intangible capital, the choice is more difficult, particularly because

quarterly data for our broad definition of intangible capital are not available. We use the

same value for the adjustment cost parameters as for tangible capital, which allows us to

focus on the difference between tangible and intangible capital in the production process.

The standard deviations of the two technology shocks are set to achieve a relative stan-

dard deviation of A1
t and A2

t of 2.0. In our model variants, this yields a standard deviation

of output of approximately 1.8−2.0 for tangible goods after a shock to A1
t , which is con-

sistent with the standard deviation found in the data. The price stickiness parameters

are set at 0.75. The Taylor rule coefficients in the baseline case take standard values,

ρr = 0.8 and γπ = 1.5. For the augmented rule, we assume γb = 0.5 in the baseline

5Dynare version 4.5.7 is used to derive the quantitative findings in this study.
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version, but also experiment with different values. For the macroprudential rules, we

choose in the baseline versions: ρm = 0.8, ρv = 0.8, τv = 0.5, and τm = 0.5.

Table 1: Choice of Parameter Values

Parameter Value Parameter Value

βp 0.996 δT 0.025
βe 0.975 δI 0.025
ψ 6.635 m 0.35
θ 0.200 δb 0.049
φ 0.150 κkb 11.000
χ 6.000 vb 0.090
ν 1.000 ρr 0.800
ξ 0.750 γπ 1.500
ε 0.750 γb 0.5
ω1 6 τv 0.5
ω2 6 τm 0.5

ρA
1

0.900 ρm 0.8

ρA
2

0.900 ρv 0.8
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4 Quantitative Findings

4.1 Impulse Response Functions

This section presents impulse response functions for productivity shocks to tangible and

intangible production. In particular, we investigate how monetary and macroprudential

policy rules affect the evolution of the variables in our model. For the real variables,

we show the response of tangible output (tang out), intangible output (int out), and

consumption of patient (cp) and impatient (ce) individuals. As regards the nominal

variables, we show impulse responses for the prices of tangible and intangible goods (P

and Q), loans (b), leverage ratio (lev), central bank interest rate (rd), and the interest

rate that applies to entrepreneurs (rb).

Figures 1 to 3 depict the effects of productivity shocks to tangible and intangible pro-

duction. In these baseline simulations, we consider a basic Taylor rule where the central

bank only reacts to consumer price inflation. For a tangible productivity shock, the out-

put of both types of goods and consumption increase while inflation decreases, which is

a standard result that could also be obtained by conventional models with only tangible

capital (Figure 1). This induces the central bank to reduce its interest rates. As for

the banking system, there is an increase in loans after a productivity shock to tangible

production, which is stronger than the increase in bank capital. Consequently, there is

a rise in the leverage ratio. Importantly, a productivity shock to intangible production

has different effects on our model economy than a tangible productivity shock (Figure

2). For this productivity shock, inflation modestly rises in the first periods for both

tangible and intangible goods before it turns negative. The reason for this pattern is

that the higher aggregate income after the intangible productivity shock increases overall

consumption demand for tangible output, where no productivity shock occcurred. This

leads to higher prices in the tangible sector. Higher demand for tangible output also

stimulates demand for intangible capital and drives its price up in the short term. After

an intangible productivity shock, capital investment is biased toward intangibles, which

dampens the demand for loans, because intangibles cannot be used as collateral in our

model. Higher inflation initially induces the central bank to increase its interest rates.

This pattern is qualitatively different from the case of a productivity shock to tangible

production where both inflation and interest rates decrease. In the medium-term, the

intangible productivity shock feeds through the economy and lowers the price level. Ad-

ditionally, the amount of loans will in the medium-term moderately increase above the

steady-state level after the initial decrease. Tracking the evolution of loans, the leverage

15



ratio initially decreases after an intangible shock, but increases above its steady-state

value in the medium term when the intangible productivity shock has fed through the

economy. We then decrease the importance of intangible capital by setting φ = 0.1 and

show that the responses of the variables to an intangible productivity shock are more

pronounced when intangible production is more important (Figure 3). When the im-

portance of intangible capital is higher, inflation increases more because the demand for

tangible goods is stimulated more. This induces the central bank to raise interest rates

more aggressively.

We now investigate whether the various monetary and macroprudential rules affect the

evolution of economic variables differently across the two shocks. Figures 4 to 9 show the

impact of an augmented Taylor rule and the two versions of macroprudential rules on the

response of the variables after tangible and intangible productivity shocks. In Figures 4

and 5, we compare the effects of a standard Taylor rule to the effects of a central bank

that uses an augmented Taylor rule with a reaction to the evolution of loans. For the case

of a productivity shock to tangible output, a central bank using an augmented Taylor

rule increases its interest rates after an initial decrease instead of a persistent reduction

under the standard rule (Figure 4). This occurs because the central bank reacts to the

rise in loans after a tangible productivity shock. As a result of the increased aggressive-

ness of the central bank, inflation decreases more under the augmented rules than under

the standard rule. As one might expect, the central bank successfully mitigates loan

growth rates under the augmented Taylor rule. Interestingly, for a productivity shock to

intangible production, the response of the interest rate becomes somewhat more volatile

when the central bank reacts to loan growth (Figure 5). The interest rate first slightly

decreases as the central bank reacts to the initial negative growth rate of loans. In the

medium term, however, the interest rate increases more than under a standard Taylor

rule following the gradual expansion of loans.

In Figures 6 and 7, the augmented Taylor rule is compared to a macroprudential rule,

where the targeted LTV ratio reacts to the evolution of loans. For this first macropru-

dential rule, we observe that for both a tangible and an intangible productivity shock,

the responses of loans and the leverage ratio are considerably dampened compared to

an augmented Taylor rule. As a whole, there is considerably less volatility in the finan-

cial sector under this macroprudential rule than under an augmented Taylor rule. The

evolution of output in both sectors is very similar across the two rules, but inflation

is higher (or deflation lower) for the LTV rule. In Figures 8 and 9, the effects of a
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macroprudential rule are analyzed where the targeted leverage ratio reacts to loans. In

the case of intangible productivity shocks, this macroprudential rule is associated with

a more volatile reaction of the leverage ratio and a more volatile interest rate on loans.

The evolution of output is similar to that of an augmented Taylor rule. After a tangible

productivity shock, the leverage ratio significantly decreases. As a result, the interest

rate on loans considerably increases, and output expansion in both sectors is slightly

dampened. Importantly, for both types of shocks, consumption of savers is more volatile

under the two macroprudential rules than under the augmented Taylor rule but is less

volatile for entrepreneurs (who are the borrowers). These findings have important impli-

cations for our following welfare analyses. In addition, because the central bank reacts

less aggressively, inflation is higher (or deflation lower) under the two macroprudential

rules.

4.2 Macroeconomic Stability and Welfare

We now investigate whether monetary and macroprudential policies can improve upon

standard Taylor rules in terms of macroeconomic stabilization and social welfare. Re-

garding macroeconomic stabilization, we report the volatility of output, inflation and

loans. The computation of welfare gains and losses follows the literature. Welfare levels

for the patient individual and the entrepreneur are given by:

W p
t = Et

{ ∞∑
t=0

(βp)t
(

lncpt − ψ
h1+ν
t

1 + ν

)}
(43)

W e
t = Et

{ ∞∑
t=0

(βe)t lncet

}
(44)

To compute welfare gains and losses, we take a second-order approximation and simu-

late the model for 50’000 periods. In addition to the levels of welfare, we obtain the

welfare loss (or gain) in terms of consumption with respect to the steady-state’s welfare.

Additionally, we compute the total welfare W T
t as a weighted average of the welfare

levels of the two types, where the weights are chosen in the standard manner used in the

literature (e.g., Rubio (2011)).

W T
t = (1− βp)W p

t + (1− βe)W e
t (45)
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The findings in Tables 2 and 3 show the volatility of macroeconomic variables and welfare

for different Taylor and macroprudential rules. Table 2 shows the results for a tangible

productivity shock. The findings for an intangible productivity shock are presented in

Table 3. Regarding the macroeconomic variables, we show the volatility of output, in-

flation, and loans (vol out, vol infl, vol loan). We then show the welfare of savers,

entrepreneurs, and total welfare in levels (wsav, wentr, wtot), as well as welfare changes

in consumption equivalents for the two types of individuals (wsavce, wentrece). There

are 13 rows, where we vary the parameter values in the monetary and macroprudential

rules. In the first row, we show the results for a basic Taylor rule, where the central

bank only reacts to inflation. Rows 2-5 of each table show the results for augmented

Taylor rules that include a reaction of the central bank to the evolution of loans. In the

rows, we vary the degree of aggressiveness of the reaction. Finally, in rows 6-13, the ef-

fects of the two macroprudential rules are studied with varying degrees of responsiveness.

As to the tangible productivity shock, Table 2 shows that all augmented Taylor and

macroprudential rules reduce the standard deviation of loans, but increase the standard

deviation of inflation when compared to a baseline Taylor rule. Thus, additional policy

goals increase the volatility of inflation compared to a situation where the evolution of

prices is the only policy goal. The rule involving the loan-to-value ratio most strongly re-

duces the volatility of loans (similar to Lambertini et al. (2013)). Compared to the basic

Taylor rule, the macroprudential rule targeting the leverage ratio and augmented Taylor

rules reduce the volatility of output, and output volatility is higher under a macropru-

dential rule targeting the loan-to-value ratio. For welfare, we observe that total welfare

improves for augmented Taylor rules when compared to a standard rule, whereas both

macroprudential rules reduce total welfare. Importantly, distributional conflicts arise be-

tween savers and entrepreneurs. For augmented Taylor rules, compared to the standard

rule, welfare for savers improves, while the welfare for entrepreneurs deteriorates. This

finding is unsurprising because the impulse response function in Figure 4 implies that

the consumption of savers is less volatile under augmented Taylor rules, and consump-

tion is more volatile for entrepreneurs. Interestingly, both macroprudential rules have

different distributional consequences than augmented Taylor rules: the welfare of savers

deteriorates compared to an augmented Taylor rule, and the welfare of entrepreneurs

improves. Again, this finding is unsurprising because of the impulse response functions

for consumption in Figures 6 and 8.

Table 3 shows the results for productivity shocks to intangible production, which exhibit
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different effects on macroeconomic volatility than tangible productivity shocks. For

intangible shocks, augmented Taylor rules reduce the volatility of inflation, but increase

the volatility of output when compared to a standard Taylor rule. In addition, augmented

Taylor rules decrease the volatility of loans after tangible shocks, but rise loan volatility

after intangible shocks. Thus, for augmented Taylor rules, the aforementioned differences

between tangible and intangible productivity shocks translate to qualitatively different

effects on macroeconomic volatility. This questions the suitability of augmented Taylor

rules after intangible productivity shocks. For macroprudential rules, there are less

differences than for augmented Taylor rules across the two shocks. Both macroprudential

rules decrease the volatility of loans after an intangible productivity shock, but tend

to increase the volatility of output and inflation. However, the distributional welfare

implications remain the same as those for the tangible shock mainly because the effects on

the volatility of consumption remain similar. A central bank reacting to loans improves

the welfare for savers while it decreases welfare for entrepreneurs. When comparing

macroprudential rules to augmented Taylor rules, the distributional effects reverse in

the same manner as for tangible productivity shocks. Macroprudential rules reduce the

welfare of savers, but increase the welfare of entrepreneurs. Based on the welfare results,

central banks would not need to identify the nature of the productivity shock because

the welfare implications remain similar across the two shocks. However, the volatility of

macroeconomic variables differs across shocks and policy rules.

5 Conclusions

This paper has studied the effects of monetary and macroprudential policies in a DSGE

model with intangible capital and a banking sector. Sector-specific productivity shocks to

tangible and intangible production affect the economy differently. Moreover, augmented

Taylor and macroprudential rulesdo not have the same effects on the real economy and

the banking sector after the two productivity shocks. In particular, augmented Taylor

rules reduce the volatility of loans in the presence of tangible shocks, but increase the

volatility of loans for intangible shocks. Macroprudential rules reduce the volatility of

loans for both types of shocks. However, they tend to be associated with increased volatil-

ity of inflation and output compared to monetary rules. Regarding welfare, we find that

for shocks to both tangible and intangible production, a reaction of the central bank to

the evolution of loans leads to lower consumption volatility and higher welfare of savers.

For entrepreneurs, augmented Taylor rules increase consumption volatility and deteri-

orate entrepreneurial welfare. For macroprudential rules, the opposite result emerges.
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The welfare of savers deteriorates and the welfare for entrepreneurs improves compared

to a standard Taylor rule. Therefore, our results suggest that entrepreneurs would favor

macroprudential rules for any shock, and savers would favor augmented Taylor rules for

any shock. In summary, our results do not imply unambiguous policy recommendations.

Although the economic reactions and the volatility of macroeconomic variables may con-

siderably depend on the nature of the productivity shock and the framework of monetary

and macroprudential rules, welfare analyses do not reveal qualitative differences.
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Figure 1: Tangible Shock
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Figure 2: Intangible Shock
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Figure 3: Intangible Shock with Low Share of Intangibles (Solid line: baseline intangible
share; Dashed line: low intangible share)
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Figure 4: Tangible Shock with an Augmented Taylor Rule (Solid line: Baseline Taylor
Rule; Dashed line: Augmented Taylor Rule)
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Figure 5: Intangible Shock with an Augmented Taylor Rule (Solid line: Baseline Taylor
Rule; Dashed line: Augmented Taylor Rule)
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Figure 6: Augmented Taylor Rule and Loan-to-Value Macroprudential Rule for a Tan-
gible Shock (Solid line: Augmented Taylor Rule; Dashed line: LTV Macroprudential
Rule)
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Figure 7: Augmented Taylor Rule and Loan-to-Value Macroprudential Rule for an In-
tangible Shock (Solid line: Augmented Taylor Rule; Dashed line: LTV Macroprudential
Rule)
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Figure 8: Augmented Taylor Rule and Leverage Ratio Macroprudential Rule for a Tan-
gible Shock (Solid line: Augmented Taylor Rule; Dashed line: Leverage Ratio Macro-
prudential Rule)
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Figure 9: Augmented Taylor Rule and Leverage Ratio Macroprudential Rule for an
Intangible Shock (Solid line: Augmented Taylor Rule; Dashed line: Leverage Ratio
Macroprudential Rule)
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