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Summary

Matilda Kilstrém and Rachatar Nilavongse
The authors work at the Riksbank’s Monetary Policy Department.?

In the standard New Keynesian framework, which has been used to guide
monetary policy during the last 25 years, monetary policy affects house-
hold consumption via an intertemporal substitution channel. According
to this channel, forward-looking households adjust their consumption
and savings decisions when actual and expected real interest rates
change. The empirical support for this transmission channel is, however,
mixed and other potential channels have been proposed. One such chan-
nel is the cash-flow channel which suggests that changes in interest rates
can have a direct effect on household consumption via interest expenses.

We incorporate the cash-flow channel into a standard New Keynesian
framework and analyse how adding this channel affects monetary policy
transmission under different modelling assumptions. Notably, we discuss
under which assumptions real versus nominal interest rates matter for
household consumption. We focus on the intuition behind the mecha-
nisms and the analysis is intended for illustrative purposes, not to quan-
tify the effects of monetary policy.

Based on our theoretical framework, the key findings are as follows.

First, the cash-flow channel amplifies the macroeconomic effects of mon-
etary policy shocks and the effects are stronger when household debt-ra-
tios are higher. Second, different specifications of borrowing constraints
lead to different conclusions on whether it is nominal or real interest
rates that matter for household consumption. Third, depending on as-
sumptions about the borrowing constraints, monetary policy can have an
immediate or a lagged impact on household consumption. Fourth, ac-
cording to the cash-flow channel, it is realised, or ex-post, rather than ex-
ante interest rates that matter for consumption. Finally, we find that in
the case of a demand shock, monetary policy can more easily stabilise
household consumption if borrowing constraints are designed in nominal

1 We thank participants at the internal workshop, Mikael Apel, Roberto Billi, Martin Flodén, Jens Iversen,
Henrik Lundvall, Asa Olli Segendorf, David Vestin and Anders Vredin for valuable discussions and comments.
The opinions expressed in this article are those of the authors and should not be interpreted as reflecting
the views of Sveriges Riksbank.



terms, while in the case of a supply shock, monetary policy can more eas-
ily stabilise household consumption if borrowing constraints are in real
terms.
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Introduction

Introduction

In the standard New Keynesian (NK) framework, which has been used to guide mone-
tary policy during the last 25 years, monetary policy affects household consumption
via an intertemporal substitution channel. According to this channel, forward-looking
households adjust their consumption and savings decisions when the real interest
rate changes.? The empirical support for the intertemporal-substitution channel is
mixed and other channels have been suggested. Interest rates can, for example, have
a direct effect on household consumption via the so called cash-flow channel. Specifi-
cally, when households hold debt with adjustable interest rates, a change in the policy
rate can affect household consumption through a change in household interest ex-
penses and, consequently, disposable income. If households behave as in the stand-
ard NK framework, households may not alter consumption much when there are
changes in interest rates. However, if households face liquidity or credit constraints,
or are unwilling to use up their savings, changes in interest rates will have a larger ef-
fect on consumption than in the standard NK framework. Hughson et al. (2016), Di
Maggio et al. (2017), Flodén et al. (2021), Holm et al. (2021) provide empirical evi-
dence for cash-flow effects and their results suggest that the cash-flow channel can
play an important role in monetary policy transmission.3*

The purpose of this paper is to illustrate the transmission of monetary policy via the
cash-flow channel. We study the mechanisms through which monetary policy affects
household consumption under different specifications of financial contracts (borrow-
ing constraints). We assume that there is a limit to how much a household is allowed
to borrow. This limit can be designed in different ways. For example, the maximum
amount of borrowing can be measured in terms of consumption goods (real) or in
terms of money (nominal).

Empirically, borrowing constraints may be neither purely real nor purely nominal. For
example, in Sweden, a mortgage is generally restricted to maximum 85 percent of the
purchase value of the house, i.e., it is relative to the house price. In addition, the loan-
to-value ratio (in combination with loan-to-income) determines how much a house-
hold needs to amortize. This amount is in turn used as input for the (nominal) discre-
tionary income, the so-called KALP (“kvar att leva pa”), that needs to be positive for a
mortgage to be approved and that banks compute to establish the borrowing limit for
the household. The KALP is based on the household current income and on some
standard measures of expenses. However, the standard expenses (including the nomi-
nal interest rate) used as input for this constraint are infrequently updated and there

2 Real interest rates are affected by unexpected changes to inflation via the Fisher relation between nomi-
nal and real interest rates.

3 Cloyne et al. (2020) study both direct (cash-flow) and indirect (general equilibrium) effects of monetary
policy.

4 Flodén et al. (2021) also show theoretically that, under some circumstances, a change in the nominal in-
terest rate has a direct effect on the consumption of credit constrained households via the cash-flow chan-
nel.



Introduction

are restrictions on how often the loan-to-value ratio can be updated when computing
amortization rates.

In this paper, a particular focus is on whether it is the nominal or real interest rate
that matters for consumption dynamics and we show that this depends on the design
of the borrowing constraints. To demonstrate a cash-flow channel, we first compare
the macroeconomic effects of monetary policy shocks under different, stylized, as-
sumptions of borrowing arrangements. Second, we analyse the effects of demand and
supply shocks and their implications for systematic monetary policy given the differ-
ent assumptions on the design of borrowing constraints.

In terms of modelling aspects, we extend the standard NK framework by including
two types of agents: financially unconstrained households (savers) and financially con-
strained households (borrowers).> Borrowers face a borrowing constraint and we as-
sume that they always borrow the maximum amount allowed.® The main difference
between the two types of households is that savers behave as the standard NK house-
hold and can smooth consumption over time, whereas borrowers face financial fric-
tions which inhibit them from smoothing consumption. Accordingly, monetary policy
affects the savers’ consumption via the intertemporal substitution channel, whereas it
affects the borrowers’ consumption via the cash-flow channel. Moreover, we model
different specifications of loan contracts by altering the design of borrowing con-
straints. It should be noted that this paper focuses on illustrating the intuition behind
the cash-flow channel under different model specifications. Thus, our quantitative im-
plications are based on simple models and intended for illustrative purposes only.

The main findings of this paper are as follows. First, by including the cash-flow chan-
nel, macroeconomic variables, such as GDP and inflation, are more sensitive to mone-
tary policy shocks compared to the standard NK model. The primary reason is that
borrowers are more sensitive to changes in interest rates than savers, consequently
consumption and GDP change more in the extended NK framework.” Second, we ana-
lyse the implications of different specifications of borrowing constraints. Particularly,
we show that if the borrowing limit is in real terms, then it is the real interest rate that
affects financially constrained household consumption through the cash-flow channel.
If on the other hand, the borrowing limit is stipulated in nominal terms, then it is the
nominal interest rate that affects financially constrained household consumption. This
is also the case if the borrowing arrangement is defined as a function of the current
nominal interest rate. Depending on the timing of the nominal interest rate in the
loan contracts, monetary policy can have an immediate or a lagged impact on house-
hold consumption. Third, with the cash-flow channel, it is actual (ex-post) rather than
ex-ante interest rates that matter for the borrowers’ consumption.

5 Throughout the paper we use the terms “savers (borrowers)” and “financially unconstrained households
(financially constrained households)” interchangeable when referring to different types of households.

6 We assume that borrowers are less patient than savers. As a result the borrowers always borrow the maxi-
mum amount and this implies that borrowing constraints are always binding.

7The models are kept simpler than, for example, Finocchiaro et al. (2016) and Di Casola and Iversen (2019)
that include more financial and real frictions.



Theoretical framework

Finally, we examine the implications of different assumptions of borrowing con-
straints for systematic monetary policy and for the effects of demand and supply
shocks. We show how different specifications of financial arrangements can affect the
ability of monetary policy to stabilise the economy. In the case of a demand shock,
monetary policy can more easily stabilise household consumption if the nominal inter-
est rate matters, while in the case of a supply shock, monetary policy can more easily
stabilise consumption when the real interest matters. The derived results depend on
if the relevant interest expense is determined by nominal or real interest rates. In ad-
dition to the effect of changes in the policy rate, the debt-inflation channel may affect
household consumption as well.

In this paper we contribute to the existing literature related to the New Keynesian
framework with credit constrained households. Based on the framework of lacoviello
(2005), previous studies such as Walentin (2014), Finocchiaro et al. (2016), Di Casola
and Iversen (2019) and Bekiros et al. (2020) formulate household borrowing con-
straint in real terms. The corollary of this borrowing constraint specification is that the
real interest rate is what matters for consumption. We demonstrate that depending
on how the borrowing constraints are specified, the nominal interest rate can also
matter for household consumption.

Section 2 presents the theoretical framework that consists of an outline for the finan-
cially unconstrained and constrained households, using three different borrowing
constraint specifications for the latter. Primarily, we focus on whether the nominal or
real interest rate matters for household consumption. Section 3 analyses the cash-
flow channel of monetary policy transmission based on the impulse responses of mac-
roeconomic variables to a monetary policy shock. Section 4 examines systematic mon-
etary policy in response to macroeconomic shocks in the different models. In Section
5 we discuss other types of borrowing constraints: debt-service-to-income and loan-
to-value constraints. Section 6 concludes.

Theoretical framework

In this section, we extend the standard NK framework by allowing for the
presence of cash-flow effects. First, we present savers’ consumption be-
haviour. In particular, we describe how monetary policy transmits via the
intertemporal substitution channel. Second, we present the borrower’s
consumption problem and discuss how monetary policy transmits via the
cash-flow channel. Particularly, we illustrate how different ways of speci-
fying borrowing constraints can lead to different conclusions on whether
nominal or real interest rates matter for borrowers’ consumption.




2.1

Theoretical framework

In the standard NK framework, the household sector can be represented by one
household type, the representative household, and this household can smooth con-
sumption over time. Our framework shares many basic features with the standard NK
DSGE (dynamic stochastic general equilibrium) framework. Thus, we only briefly state
the basic features but focus mainly on the distinctive features. In our extended frame-
work, the economy is populated by two types of households: financially uncon-
strained (savers) and financially constrained (borrowers). Both types of households
consume and work. The financially unconstrained households are forward-looking and
can save in financial markets to facilitate consumption smoothing over time. The fi-
nancially constrained households, on the other hand, are credit constrained and be-
have as hand-to-mouth consumers.? Savers lend directly to borrowers. Finally, our
theoretical framework consists of three different specifications of borrowing con-
straints. We refer to the Appendix for more details on model features and for deriva-
tions of key equations.

The basic features of the standard NK framework are as follows. Labour is the only in-
put used for production and there are no labour market frictions so the nominal wage
is determined in equilibrium (by equating the demand for and supply of labour). The
goods market is characterized by monopolistic competition and prices of goods are
sticky. The central bank follows a standard monetary policy rule, described in more
detail in Section 3.

Financially unconstrained household

A financially unconstrained household (saver) chooses her consumption and labour
supply. The utility function is expressed as:

1 Eg 2Bt (lnCt - (IYJ)r:(p),
where C; denotes consumption, N; is hours worked/labour supply, B is the discount
factor and ¢ is the Frisch labour-supply elasticity. The saver maximises her expected
utility subject to a budget constraint. The household can smooth her consumption
through saving in the form of private bonds (denoted by B;). For the financially un-
constrained household, expenditures consist of consumption and new purchases of
bonds, whereas income comes from the return from holding bonds, wage income and
the lump-sum profit. The budget constraint in nominal terms is written as:

2. PtCt + it—lBt—l = Bt + WtNt + Tt‘

P; is the consumer price level and W; is the nominal wage. i; is the (gross) nominal
policy rate that is set by the central bank in period t and m; = P;/P;_4 is the current
(gross) inflation rate. Nominal lump-sum profits from firms and lump-sum taxes as

8 The financially constrained households are also forward-looking, but less patient than the unconstrained
households and want to borrow to finance more consumption today. We assume that the household faces
a borrowing constraint and always borrows up to the borrowing limit, see more details in Section 2.2.
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Theoretical framework

well as transfers are denoted by T;.° Equation (2) can be written in real terms by divid-
ing with P;. The household therefore faces the following real budget constraint:
3. C+ i;;:bt_l = b, + w,N, + 1;.

The amount of one-period lending in real terms from the saver to the borrower is given
by —b;, where b, = B,/P,. The ex-post real interest rate is i;_;/m;. The real return
from issuing private bonds is —(i;_, /m;)b;_1, SO changes in the current inflation affect
the ex-post real interest rate. The real wage is w, = W, /P;. Finally, T, denotes the real
lump-sum profits, taxes and transfers. The financially unconstrained household maxim-
izes the utility function (1) given the budget constraint (3). The first-order conditions
with respect to C; and b; can be summarised by the standard Euler equation:

o Eop (b))

t i1 Cria

The consumption-Euler equation in terms of log-linearization is written as:

5. ét = Et(ét+1) - Et(it - ﬁt+1) .

Eq. (5) relates expected changes in the consumption path to the ex-ante real interest
rate, E.(i; — fi;4+1).2° For instance, a rise in the ex-ante real interest rate increases
savings and decreases current consumption, all else equal. Since the saver is a for-
ward-looking consumer and makes decisions about both current and future consump-
tion, the household is affected by changes in the ex-ante real interest rate.

Financially constrained household: borrowing constraint
in real terms (Model A)

We incorporate two features into the standard NK model. First, we allow for hetero-
geneity among households by including two types of households: savers and borrow-
ers. Both types of households have the same utility function, but they are different in
terms of how much they discount the future. Specifically, we assume borrowers are
less patient than savers, thus the borrowers prefer debt to internal funds, i.e., to sav-
ing. Second, we introduce a simple version of incomplete markets (financial frictions)
by imposing an exogenous borrowing constraint on borrowers. In reality, there is of
course heterogeneity also among borrowers (and savers). In our models, we make the
simplifying assumption that borrowers are always at the borrowing constraint and are
more impatient than savers. These two features, impatience and financial frictions,
hence imply financially constrained households (borrowers) face a binding borrowing

9Since the financially unconstrained household behaves as the Ricardian household, changes in lump-sum
taxes have no effects on her consumption. In this paper, monetary policy is not affected by the assumption
of fiscal policy. For macroeconomic effects of fiscal policies on monetary policy, see the SELMA DSGE model
of National Institute of Economic Research by Akkaya et. al. (2021).

10 The hatted variables denote percent changes from the steady state, and those without time subscript de-
notes steady state.
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constraint and always borrow up to the borrowing limit.}! As a result, the borrowers
are not able to smooth her consumption and do not save sufficiently to make the bor-
rowing constraint irrelevant.’?

A financially constrained household (the superscript F stands for a financially con-
strained household) finances her consumption and repayment of existing debt with
labour income and new borrowing. Borrowing is one period and is always repaid in
full in the next period. Nominal repayment is defined as the principal plus the interest
rate at origination times the borrowed amount. In this section we consider the case
when the borrowing constraint is specified in real terms. The utility function is:

o oF (1 _ N 13
6. EoXizoB: (InC; T )

We assume that the borrower’s discount factor ¥ is lower than that of the saver. The
amount of borrowing (new loans) in nominal terms is denoted by Bf'. The debt con-
tract is set in nominal terms, i.e., the debt repayment is given by i,_; Bf_;. The bor-
rower faces the following nominal budget constraint:

7. Pth + it—lBtF—l = Bf + WtNtF

As in the previous section, the above constraint can be written in real terms.'* The bor-
rower faces the following real budget constraint:

8. Ct + l;'_;lbf_l = b{-’ + WtNtF
t
We denote bf as the amount of new loans in real consumption unit terms. In other
words, the household borrows the amount of kronor that corresponds to a certain mul-

tiple of consumption (basket) units. The household faces the following borrowing con-
straint in real terms:

9. bf <b.

We assume that the borrower always borrows up to the borrowing limit, i.e., the house-

hold behaves as a rule-of-thumb consumer and bf' = b. Since the borrower is at her
borrowing limit, the current consumption is determined by the budget constraint:

10. ¢f =1 —%]E+wt1vf.

11 For models that feature occasionally binding constraints, see Guerrieri and lacoviello (2015), Grodecka
(2020) and Swarbrick (2021).

12 For more discussions on the assumptions of household heterogeneity and financial frictions, see, e.g.,
Quadrini 2011.

13 |In principle the labour supply term is not needed in the utility function of the borrower as we assume
that the consumer does not optimize with respect to that variable. We include it for expositional purposes.
14 Since the lump-sum taxes do not enter the financially constrained household budget constraint, changes
in lump-sum taxes have no effects on the rule-of-thumb household consumption.

15 The exogenous borrowing limit in real terms implies that if there is any change in the price level, the
nominal value of the borrowing limit will adjust such that the amount of borrowing in real terms is fixed at a
certain value.

10
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Theoretical framework

Thus, household consumption equals a cash-flow term [1 - l;—*]E for repayment of
t

debt and the labour income term w,N['.16 The borrower’s consumption equation in
terms of log-linearization can then be written as:

<l

F
11. S 6F = —

~ ~ WN 7 =5
Y (lt—l - T[t) + T Wt + Nt)' 17

1
]
For this household, all else equal, a higher level of the previous period’s nominal inter-
est rate, i;_4, has a negative effect on current consumption. On the other hand, an in-
crease in current inflation, without an increase in the nominal interest rate, contrib-
utes positively to consumption. As inflation rises, the real value of the nominal debt
repayment declines. This has a positive effect on current consumption, all else equal.
An increase in the ex-post real interest rate, i;,_; — 7;, i.e., if the nominal interest rate
rises more than inflation, this increases the interest expense (for a given debt ratio),
which in turn has a negative impact on the borrower’s consumption.*®

If the debt to income ratio, E/Y, increases, the effects of changes in the ex-post real
interest rate on the interest expense, and thus on consumption, are amplified. Another
channel of monetary policy transmission comes from the labour income channel. If the
real labour income decreases via a decline in the real wage and/or employment, the
financially constrained household reduces her consumption.

We can compare the borrower’s and the saver’s consumption (Eq. (11) versus Eq. (5)).
For the borrower, it is the ex-post interest rate that matters for consumption, while the
ex-ante interest rate matters for the saver’s consumption. This difference stems from
the fact that the financially unconstrained household can smooth her consumption. In
contrast, the financially constrained household faces financial frictions in the form of
borrowing constraints that impede consumption smoothing.

Financially constrained household: borrowing constraint
in nominal terms (Model B)

A financially constrained household faces the same budget constraint as in Model A.
However, this section considers a nominal loan contract instead of a loan contract in
real terms. The second specification of the borrowing constraint is:

12. Bf <B.

16 Throughout models A to C we assume that interest expenses on the previous period’s debt are given by:
i;_1B¢_1. This means that today, in period t, the borrower pays a predefined nominal interest rate on her
existing debt (from t — 1). Because debt in this model is one period we do not distinguish between loan-
contracts with adjustable or fixed interest rates. This assumption is without loss of generality as long as
bond markets open every period.

7 The above equation is divided by Y (GDP) to facilitate the calibration of the steady state level of debt-to-
GDP ratio.

18 The derivation of the borrower’s consumption based on Model A can be found in Appendix A2.

11
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The maximal amount of new loans is defined in nominal terms as BtF. In simple words,
the constraint relates to the amount of kronor that the borrower can borrow and it

cannot be greater than B. As in Model A, we assume that the borrower always bor-
rows up to the borrowing limit, i.e., the household behaves as a rule-of-thumb con-
sumer and thus Bf = B.1® Because the borrower is at its borrowing limit, consump-
tion is determined by the budget constraint:

, B
13. CtF = [1 - lt—l] P_t + WtNtF

. . B .
As before, consumption equals the cash-flow channel [1 — i,_,] > plus the labour in-
t

come component w,Nf'. The cash-flow channel in Model B is primarily captured by
changes in the nominal interest rate, while changes in the real interest rate have a di-
rect effect on consumption in Model A. Given Eq. (13), the consumption equation in
terms of log-linearization can be written as:

F _

14. < CF = —%git_l +2% (W + ).

From Eq. (14), it is clear that the previous period’s nominal interest rate matters for
consumption, in addition to changes in real labour income. A higher level of the nomi-
nal interest rate has a negative effect on consumption, in line with the intuition from
the cash-flow channel.?° This is in line with the results from a partial equilibrium
model in the Online Appendix of Flodén et al. (2021). Furthermore, an increase in the
debt ratio amplifies the effect of a rise in the nominal interest rate on consumption.

Financially constrained household: borrowing constraint
with the current nominal interest rate (Model C)

A financially constrained household faces the same specification of the budget con-
straint as in Models A and B. The loan contract is similar to Model B. However, here
we imagine the simplest form of a type of debt service constraint, where the borrow-
ing constraint varies with the nominal interest rate in the following manner:

15. i,Bf < B.

Here we just assume that debt service cannot exceed a nominal amount, B, without
specifying how this amount is set. In reality, a macroprudential authority can use the
design of borrowing restrictions as a policy tool. In Section 5.1 we discuss a specific
example of this constraint that directly links household income to the amount of new

%In contrast to Model A, the borrowing limit is fixed in nominal terms. Thus, the nominal value of the bor-
rowing limit does not respond to changes in the price level, so implicitly the borrowing limit in real terms
can change with the price level.

20 Note that inflation targeting monetary policy implies that the price level is a non-stationary process. Since
we log-linearize around a non-stochastic steady state we make the following assumption to be able to con-
duct model simulations: [1/8 — 1](b/Y)13t ~ 0in Eq. (14). With our calibration of 8, [1/8 — 1] = 0.

12



Cash-flow channel of monetary policy transmission

debt: interest expenses cannot exceed a fraction of the household’s wage income and
this fraction is set by the macroprudential authority.

As in the above models, we assume that the borrowing constraint is binding, i.e.,
i,Bf = B. Given this setup of the borrowing constraint, household consumption can
be expressed as:

1 B
16. Cf= [l__l]P_t-l_WtNtF

t

Based on Eq. (16), the cash-flow channel is captured by the term [i—lt —1] Et and the la-
bour income channel is captured by the term w,Nf'. In contrast to Model B (Eq.13),
the current nominal rate rather than previous period’s nominal rate has a direct effect
on consumption. In Model B, the interest rate that the household pays on the existing
debt is key for the monetary policy transmission. Because we specify that the house-
hold repayment of debt is given by i,_; B, the lagged nominal rate matters for house-

hold consumption in the previous model.

For Model C, we assume that the borrowing constraint itself is affected by the current
interest rate, hence the interest rate on new loans is key for the monetary policy
transmission. As a result, current consumption is directly affected by the current nom-
inal rate. Thus, monetary policy can have a lagged or immediate impact on household
consumption depending on the timing of the nominal interest rate specified in loan
contracts.

Finally, the financially constrained household’s consumption equation in terms of log-
linearization can be written as:
cF 4 b, |, WN /. =

17. 7CtF = _B;lt + T(Wt + Nt)-
Similar to Model B (Eq.14), the nominal rate matters for consumption, but Eq. (17) im-
plies that it is the current nominal rather than last period’s interest rate that matters.
Given this specification of the borrowing constraint, monetary policy thus has an im-
mediate impact on consumption.?!

Cash-flow channel of monetary policy
transmission

This section illustrates, using model simulations, the mechanisms of
monetary policy transmission in the standard NK model compared to the
three different models from Section 2. We compare impulse responses of

21 Note that inflation targeting monetary policy implies that the price level is a non-stationary process. To
be able to conduct model simulations, we assume the following term [1 — B](b/Y)Ist ~ 0in Eq. (16). With
our calibration of B, [1 — 8] = 0.

13



3.1

Cash-flow channel of monetary policy transmission

key macroeconomic variables to a monetary policy shock. We focus on il-
lustrating the intuition behind the cash-flow channel under the different
model assumptions and the results from this section should not be inter-
preted as quantitatively realistic.

In order to study the effects of a monetary policy shock, we assume that the central
bank follows a standard monetary policy rule that reacts to deviations in inflation from
the target, I, and deviations in output from the steady state, ?t:

18. Ty = pile1 + (1 - Pi)(l)nﬁt + py?t) + Eti,

where e[ﬁ captures an unexpected monetary policy shock. We often assume hump-
shaped responses in output and inflation in empirical DSGE and VAR studies. Thus, we
allow for a habit-formation in the saver’s consumption function in our model simula-
tions to help generate a hump-shaped response in output. We also allow for an inertia
in inflation dynamics to generate a hump-shaped response in inflation. Including the
habit formation and inertia in inflation do not alter our main results or conclusions
qualitatively.?? Table 1 in Appendix presents the baseline calibration.

Monetary policy shock

We compare the results from the two-agent models (Models A to C) to a standard,
representative agent, NK model. In our standard NK model, the share of financially
constrained households (borrowers) is set to zero. The other models consist of both
types of households. The baseline debt-to-annual GDP ratio is set at 1.9 and the share
of borrowers is set to 0.35.2% Note that GDP in our simple models equals total house-
hold consumption which comprises financially unconstrained and constrained house-
hold consumption. To facilitate the comparisons, the impulse responses of the policy
rate from all four models are based on a 1 percentage point increase in the nominal
policy rate and the same policy rate path.

Figure 1 displays impulse responses of macroeconomic variables to a contractionary
monetary policy shock in the standard NK model and the three cash-flow models
(Models A to C). All variables are measured in percent deviation from the steady
state. The responses of inflation as well as nominal and real interest rate are ex-
pressed in annual terms. In general, the responses of GDP, inflation, consumption and
the real wage to a contractionary monetary policy shock are negative. As we can see,
the models with cash-flow effects yield a larger decline in GDP and inflation than the
standard NK model. The purpose of these theoretical simulations is to highlight the in-
tuition of how monetary policy is transmitted when we allow for a cash-flow channel.

22 For more details on habit formation and inertia in inflation, see Christiano et al. (2005) and Akkaya et. al.
(2021). In the Appendix, we show the saver’s consumption equation with habit formation and the Phillips
curve with inertia in inflation.

23 Swedish household debt as percentage of annual disposable income was 190 percent in 2019.

14



Cash-flow channel of monetary policy transmission

All four models are thought of a being conceptual and are therefore not calibrated to
match Swedish data. One can thus only interpret the qualitative difference in re-
sponses as an illustration of how the mechanisms differ and not as quantitative esti-
mates. We show that by adding the constrained borrower, the cash-flow channel mat-
ters for the transmission of monetary policy.

Arrise in the policy rate leads to an increase in the ex-ante real interest rate which in
turn has a negative effect on savers’ consumption via the intertemporal substitution
channel. Unlike the standard NK model, the NK cash-flow models include both the in-
tertemporal substitution as well as the cash-flow channel.

In Model A, a rise in the nominal interest rate triggers an increase in the interest ex-
pense for borrowers, all else equal. This has a negative effect on the borrowers’ con-
sumption. Additionally, the decrease in inflation raises the real value of debt pay-
ments, which also has a negative effect on the borrowers’ consumption. The combina-
tion of the increase in the nominal rate and the decrease in inflation results in an in-
crease in the ex-post real interest rate, thereby increasing the cost of debt service.?*

Similar to Model A, an increase in the nominal interest rate has a negative effect on
financially constrained household consumption in Model B. However, when we com-
pare Model A and Model B, the response of borrowers’ consumption in Model B is
smaller than in Model A. The main reasons are as follows. A change in inflation has a
limited impact on the interest expense in Model B. In Model A, a decrease in inflation
reinforces an increase in the interest expense. This channel is called the debt-defla-
tion channel which is discussed in lacoviello (2005), whereas in Model B it is (mainly) a
movement in the nominal rate that affects the interest expense.?®

In Model C, the response of financially constrained household consumption is similar
to that of Model B, with a somewhat stronger immediate response of consumption.
The main reason is that the current rather than the lagged nominal interest rate mat-
ters for borrowers’ consumption in Model C.

In the considered models, the decline in aggregate demand triggers a fall in the real
wage and as a consequence real labour income drops. This also has a negative effect
on the financially constrained household consumption.

To summarize, different specifications of borrowing constraints lead to different con-
clusions regarding whether it is nominal or real interest rates that matter for house-
hold consumption. Moreover, depending on stipulations about the timing of nominal
interest rate in loan contracts, monetary policy can have an immediate or a lagged im-
pact on household consumption. Lastly, in our simple cash-flow framework, it is

24 Note that if we instead make assumptions such that the nominal rate matters for both constrained and
unconstrained agents, by assuming that the debt contract is indexed to inflation, the response of GDP to an
unexpected monetary policy shock will be more muted than that of Model A.

2 Figure 1D in the appendix shows impulse responses of additional variables such as the ex-ante and ex-
post real interest rates as well as interest expenses.
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3.2

Cash-flow channel of monetary policy transmission

mainly the ex-post, rather than ex-ante real interest rate that matters for the con-
sumption of constrained households.

Figure 1. Impulse responses to a monetary policy shock

Policy rate GDP
0
NK
0.5 -1 Model A
- = =Meodel B
0 2 Model C
0 5 10 0 5 10
Inflation Consumption, Saver
0 ; 0 ’
p -0.1
-0.2
-2
0 5 10 0 5 10
Consumption, Borrower Real wage
0 = — 0
-2 1
-4
-2
0 5 10 0 5 10

Note: The figure shows the effects of an unexpected increase in the policy rate in dif-
ferent models.
Source: Own calculations

Monetary policy shock with different levels of debt
ratios

A higher debt increases the sensitivity of household consumption to a monetary pol-
icy shock. It is intuitive, and it is also clear from Section 2, that an increase in the debt-
to-GDP ratio amplifies the consumption response to a policy rate change in all three
cases (Models A to C). In this section we compare, quantitatively, the effect of chang-
ing the debt ratio in the different models.

In Figures 1E-3E in the appendix we show impulse responses to a monetary policy
shock given different levels of the debt-to-GDP ratio. We consider debt-to-GDP ratios
of 0.9, 1.9 (baseline) and 2.9. As the debt ratio rises, the transmission of monetary
policy shock is amplified in all three cases. Particularly, borrowers become more sensi-
tive to interest rate changes as the debt ratio increases. This result indicates that a
higher debt-ratio amplifies the response of interest expense, which in turn magnifies
the responses of GDP and inflation. The sensitivity of interest expense is higher in

16



4.1

Macro-shocks and systematic monetary policy

Model A than in the other two models since Model A takes into account the debt-de-
flation channel.

To conclude, monetary policy, all else equal, becomes more powerful in an economy
with a more highly-leveraged household sector. This conclusion is in line with the find-
ings from Finocchiaro et al. (2016) and Di Casola and Iversen (2019). Stockhammar et
al. (2022) also show empirically that the effects of monetary policy on household con-
sumption has increased as household debt has increased (as the share of loans with a
short interest-rate fixation period is large).

Macro-shocks and systematic monetary
policy

This section analyses the systematic monetary policy response to macro-
economic shocks in the presence of the cash-flow channel. Specifically,
we analyse the case of demand and supply shocks. The demand shock is
modelled as an increase in the patience of financially unconstrained
household and this leads to a drop in aggregate demand and inflation.
The supply shock is instead modelled as a positive cost-push shock that
leads to an increase in inflation while GDP decreases.?®

The key findings are as follows. In the case of a demand shock, the re-
sponse of the financially constrained households’ consumption is largest
in the model where the real, rather than the nominal, interest rate mat-
ters, i.e. when the borrowing limit is defined in real terms. In the case of
a supply shock, the response of the financially constrained households’
consumption is largest in the model where the borrowing limit is defined
in nominal terms.

Demand shock

A demand shock is defined as a shock that generates a positive relationship between
GDP and inflation. In this exercise, the demand shock is modelled as a positive dis-
count factor shock to financially unconstrained households, i.e., an increase in the pa-
tience of financially unconstrained households. Monetary policy responds in a system-
atic manner through the monetary policy rule (see Eq. 18).

26 Dj Casola and Iversen (2019) analyse how monetary policy reacts in a systematic way to macro-exoge-
nous shocks in the context of different debt-ratio levels. We instead focus on the implications of different
assumptions about borrowing constraints.
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4.2

Macro-shocks and systematic monetary policy

Figure 1F in Appendix F shows the impulse responses of macroeconomic variables to
the demand shock in Models A to C. In all three models, a positive shock to the finan-
cially unconstrained households’ discount factor induces savers to reduce their con-
sumption. In a second step, the drop in consumption has a negative impact on labour
demand and thus on the real wage. The decrease in the real wage in turn has a nega-
tive effect on the borrowers’ consumption via the labour income channel. Finally, the
decrease in aggregate demand puts downward pressure on inflation. According to the
Taylor rule, the central bank reacts to the decrease in both inflation and GDP by cut-
ting the policy rate. All else equal, the decrease in the policy rate has a positive impact
on the financially constrained households’ consumption via the cash-flow channel.
However the labour income channel dominates the cash-flow channel, thus borrow-
ers reduce their consumption. Overall, total household consumption and GDP both
decrease after the negative demand shock.

We now focus on how the consumption of the financially constrained households re-
sponds in Models A to C.2” In Model A, the relevant interest rate expense is deter-
mined by the ex-post real interest. Particularly, a decline in the policy rate has a posi-
tive effect on household consumption, while a decline in inflation has a negative ef-
fect on household consumption. In Model A, the debt-deflation channel implies an in-
crease in the real value of the debt repayment and this amplifies a demand-type
shock (consistent with lacoviello, 2005). In contrast, in Models B and C, the relevant
interest expenses are instead based on the nominal interest rate. As a result, the bor-
rowers’ consumption, as well as total GDP, decline more in Model A than in Models B
and C.

To sum up, when the economy is hit by a demand shock, the response of the finan-
cially constrained households’ consumption is larger when the real interest rate mat-
ters for the cash-flow channel compared to when the nominal interest rate matters.
This entails that household consumption is more sensitive if the borrowing limit is de-
fined in real rather than in nominal terms. The policy ramification from these simple
models is that monetary policy can more easily stabilise household consumption if
borrowing constraints are stipulated in nominal terms.

Supply shock

A supply shock is defined as a shock that yields a negative relationship between infla-
tion and GDP. This section considers the effects of a positive supply shock in the form
of a so-called cost-push shock.

Figure 1G in Appendix G shows the impulse responses of macroeconomic variables to
a cost-push shock in Models A to C. In all three models, a positive cost-push shock
triggers an increase in inflation. The surge in inflation reduces the real wage and this

27 Figure 2F in the appendix shows impulse responses of additional variables such as ex-ante and ex-post
real interest rates as well as interest expenses.
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Alternative borrowing constraints

has a negative effect on borrowers’ consumption in all models. In addition, the central
bank raises the policy rate in response to the increase in inflation. The positive cost-
push shock therefore has a negative impact on borrowers’ consumption in all models
through both the cash-flow and the labour income channel. Overall, total consump-
tion and GDP both decrease while inflation rises following the positive cost-push
shock.

As for the case with the demand shock, we can now focus on how the consumption of
the financially constrained households respond in Models A to C. In Models B and C,
the relevant interest expenses that determine consumption are based on the nominal
interest rate rather than the real rate. In both models, nominal interest expenses in-
crease and as a result, the borrowers’ consumption decline more in Models B and C
than in Model A.%8 In fact, in contrast to Models B and C, the relevant interest expense
in Model A initially declines since it is the real interest rate that matters for house-
holds. In Model A, the surge in inflation reduces the real debt payments via the debt-
inflation channel. Especially, the ex-post real interest rate determines the interest ex-
pense in Model A, while the nominal interest rate determines the relevant interest ex-
penses in Models B and C. As a result, the interest expense in Model A is lower than
that of Models B and C. Thus, the response of financially constrained household con-
sumption in Model A is less sensitive to the cost-push shock relative to Models B and
C.

The dynamics of the cost-push shock implies a trade-off between returning inflation
to the target and stabilising the real economy. Specifically, the central bank reacts to
the surge in inflation by raising the policy rate and this action has a negative impact
on GDP. This trade-off becomes more or less problematic depending on how financial
contracts are designed. If borrowing constraints are specified in nominal terms, as in
Models B and C, then the trade-off is amplified as the financially constrained house-
holds do not benefit from the debt-inflation channel.?

To conclude, the response of financially constrained households’ consumption in re-
sponse to a supply shock is larger when the borrowing limit is specified in nominal
terms. The implication for monetary policy is that the central bank can more easily
stabilise household consumption in an economy where financial contracts are defined
in real terms.

Alternative borrowing constraints

There can be other aspects of how loan contracts are designed that af-
fect the transmission from monetary policy to household consumption.

28 Figure 2G in the appendix shows impulse responses of additional variables such as ex-ante and ex-post
real interest rates as well as interest expenses.

29 See lacoviello (2005), for the discussion of debt-inflation channel and its implications for supply shocks.
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5.1

5.2

Alternative borrowing constraints

In this section we consider two other types of borrowing constraints and
briefly discuss their implications for monetary policy transmission to
household consumption.

Debt-service-to-income constraint

A debt-service-to-income (DSTI) constraint is an example of a constraint that directly
links household income to the amount of new debt. A DSTI ratio for households is
captured by w which is a policy parameter that is often set by a macroprudential reg-
ulator. Hence, the debt service on new loans Bf is not allowed to exceed a share w of
nominal wage income:

19. i,Bf < wW,Nf.

If we assume that financially constrained households always borrow up to the bor-
rowing limit, i,Bf = wW,NF, this specification of the borrowing constraint implies
that a change in the nominal interest rate has an immediate effect on the maximum
amount of borrowing, for a given nominal wage income. For example, a rise in the
nominal interest rate reduces the amount of new loans. Furthermore, a change in the
labour income will have a direct effect on the amount of new loans.3°

Now, we briefly describe the transmission of monetary policy to financially con-
strained household consumption via this specification of the DSTI constraint. In a gen-
eral equilibrium framework, a rise in the policy rate has a negative effect on consump-
tion via the interest expense (cash-flow channel) as discussed in Section 2. Given this
specification of the borrowing constraint, Eq.(19), monetary policy also has an imme-
diate effect on new loans. Furthermore, monetary policy can have a second-round ef-
fect via the borrowing constraint. In particular, the rise in the policy rate will eventu-
ally have a negative impact on labour demand and thus lead to a lower labour in-
come. The decrease in the labour income then further reduces the amount of new
loans for a given DSTI ratio.3! The decrease in the amount of borrowing reduces
household consumption.

Loan-to-value constraint

A loan-to-value (LTV) constraint is an example of a constraint that directly links the
house value to the amount of new debt. A LTV ratio for households is captured by

m which is a policy parameter that often is set by a macroprudential regulator. When
borrowing is constrained by a loan-to-value ratio, the amount of new loans may not
be greater than the share m of the nominal house value:

30 For an analysis of DSTI, or payment-to-income (PTl), constraints, and their interaction with LTV con-
straints, see Greenwald (2018) and Grodecka (2020).

31 The decrease in the labour income has both direct and indirect impacts on household consumption via
labour income and borrowing constraint channels.
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Conclusion

20. Bf < mQ.H,,

where @, is nominal house prices and H, is the housing stock. As in the previous sec-
tion, we assume that the borrowing constraint is binding, i.e., Bf = mQ.H,. This spec-
ification implies that a change in the housing value has a direct effect on the maxi-
mum amount of new loans. This effect is called the “housing collateral channel”.

Now, we briefly describe the transmission of monetary policy to financially con-
strained household consumption via this specification of a LTV constraint. In a general
equilibrium set-up, a rise in the policy rate directly increases the interest expense
(cash-flow channel) and has a negative impact on household consumption. Monetary
policy also has a second-round effect via the housing collateral channel. Specifically, a
rise in the policy rate will eventually have a negative impact on housing demand and
thus lead to a decline in house prices. The effect leads to a decrease in the housing
collateral value and this leads to a tightening of the borrowing constraint.

Conclusion

We extend the standard New Keynesian framework by incorporating a cash-flow
channel and discussing how monetary policy transmits via this channel. We also show
how different assumptions on how borrowing constraints are specified can lead to dif-
ferent conclusions about whether nominal or real interest rates matter for household
consumption. We further demonstrate that depending on the timing of interest rates
in the loan contracts, monetary policy can have a lagged or immediate impact on
household consumption. Finally, in these different simple models, the design of finan-
cial arrangements (real versus nominal loan contracts) have implications for the cen-
tral bank’s ability to stabilise the economy in response to a supply or demand shock.
Particularly, if the economy is hit by a demand shock, monetary policy is more effec-
tive in stabilising household consumption if financial contracts are defined in nominal
terms, while in the case of a supply shock, monetary policy is more effective in stabi-
lising consumption if financial contracts are set in real terms. Empirically, it therefore
matters if loan contracts are specified in nominal or real terms. As we discuss in the
introduction, in Sweden, constraints are typically neither purely nominal nor real. If
constraints defined relative to house prices or income are infrequently updated, they
can for a given time period have the characteristics of a nominal constraint. In that
case it is more challenging for monetary policy to stabilise the economy in response to
a supply-type shock.

This paper focuses on illustrating the intuition behind the cash-flow channel of mone-
tary policy transmission under different model specifications. Thus, our quantitative
implications are based on simple theoretical models and intended for illustrative pur-
poses only. In the future, our aim is to develop a more realistic quantitative model
that can be used for monetary policy analyses. For future work, it could also be inter-
esting to analyse the implications of including a cash-flow channel for financial stabil-
ity and macroprudential policy.
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Appendix

In this appendix, first we present the table with the baseline model cali-

bration. Second, we show details of the theoretical models. Third, we

present the impulse responses to a monetary policy shock with varying

levels of the household debt-to-GDP ratio. Fourth, we present the im-

pulse responses to demand and supply shocks.

Table 1: Baseline calibration

Parameter Description Value Source
B Discount factor 0.99 Standard macro-
literature

Q Labor disutility, 1 Standard macro-
Frisch elasticity literature

h Consumption ha- 0.75 Standard macro-
bit literature

sf Share of bor- 0.35 SELMA
rowers

I3 Indexation to pre- | 0.75 Standard macro-
vious inflation literature

[Z] Calvo probability 0.75 Standard macro-

literature

Di Taylor rule, inter- | 0.8 Standard macro-
est rate smooth- literature
ing

P Taylor rule, inflat- | 1.5 Standard macro-
ion response literature

Py Taylor rule, out- 0.125 Standard macro-
put reponse literature

Appendix A

Model A: Borrowing constraint in real terms
A.1.1 Saver: First-order conditions

This section derives first-order conditions for a saver. Particularly, the household
chooses her consumption C; and labour supply N;. The utility function is:

o N)1+e
Ey Yo Bt (lnCt L ;)r(p ) (A.1)

The budget constraint in nominal terms is:

PtCt + it—lBt—l = Bt + WtNt + Tt' (AZ)
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We divide the above budget constraint by the current price level P, and we have the
following budget constraint:
Te

By _ Bt , W
e r TR Nt
t t t t

Ct + it—l (A'3)

T .
We Iet% = by, % = w; and P—t = 7;. The household faces the following budget con-
t t t

straint:

Ct + it;lbt_l = bt + WtNt + T¢. (A4)

Tt
The Lagrangian is:

(N
1+¢

L=E %, Bt {(lnCt - ) + e (bt +weNe + 7, — Cp — e bt—l)}-

Tt

The first-order conditions with respect to C; b, and N are as follows, respectively:

(’)_Ct:C_t_'ut:O' (A.5)
ar _ _ it _
ap, - He BE: (#t+1 nt+1) =0, (A.6)
and

ar
aNU,t = _Nt(p + /JtWt = 0 (A7)

Combining Eq. (A.5) and (A.6), we can find the standard Euler consumption equation:

1_ ip 1
Ce PE: (Tft+1 Ct+1). (A-8)
Combining Eq. (A.5) and (A.7), the labor supply equation is written as:

Wt _ n@

o= N,/ . (A.9)

A.1.2 Saver: Steady state

Given Eq.(A.8) and dropping the time-subscript, we have the following expression:
(A.10)

For simplification, we let the gross steady state of inflation m to be 1 and thus the
steady state of nominal interest rate can be defined as:

i = (A.11)

1
5
A.1.3 Saver: Log-linearized equations

Financially unconstrained consumption’s equation in terms of log-linearization can be
written as:

Ce = Ee(Crsr) = EeQe — Roesr). (A.12)
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Financially unconstrained household consumption equation with external habit is ex-
pressed as:

_ h
t ™ (1+h)

(1-hn)

A 1 -~ ~ ~
Ceoq + @ Et(Ct+1) - mEt(lt — 1) (A.13)

If h = 0, we have the standard Euler consumption equation as in (A.12). Note for
model simulations, we assume h > 0.

Financially unconstrained labour supply’s equation in terms of log-linearization can be
written as:

Wt = (pﬁt + ét' (A.14)

Financially unconstrained household labor supply equation with external habit is:

I = 1 (a A

Wt = (pNt + (l—_h) (Ct - th—l)' (A15)
If h = 0, we have the standard labour supply equation as in (A.14). Note for model
simulations, we assume h > 0.

A.2.1 Borrower: Consumption

This section derives the borrowers’ consumption equation given the borrowing con-
straint is defined in real terms. The utility function is:

E [e9) t l CF_(NE)IW Al
0 Xt=o Br | InC; 1re ) (A.16)

subject to the following budget constraint:

cf + i;;tlbf_l = bF + w,NF. (A.17)
Borrower faces the fixed borrowing constraint\limit in real terms:

bf = b. (A.18)
Rewrite Eq. (A.17) as:

cF =bf - i;;:bf_l +w,NF. (A.19)

Using (A.18) and (A.19), financially constrained household consumption can be writ-
ten as:

cF = (1 - ‘:T;:) b + w,NF. (A.20)

A.2.2 Borrower: Steady state

Given (A.20) and dropping the time-subscript, we have the following expression:

CF = (1 - %)E + wNF . (A.21)
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In steady state, N = NF and % = %.The above equation becomes:

CF = (1 - %) b+ wN. (A.22)

The above equation is divided by Y. The steady state of financially constrained house-
hold consumption can be expressed as:

¢ _ (1 __):J,__ (A.23)

A.2.3 Borrower: Log-linearized consumption equation

Given the financially constrained household consumption (A.20), financially con-
strained consumption’s equation in terms of log-linearization can be derived as fol-
lows:

Using% = %, the above equation can be written as:
cref = - %E(it—l —ft) + WN(Wt + Nt)- (A.25)

We divide Eq. (A25) by output Yand we have the following log-linearized version of
the borrower’s consumption:

cF 4 1b ,, N WN /. | =
TCtF = _E;(lt_l - T[t) + T(Wt + Nt) (A26)

A.3 Firm: Log-linearized equations

This section states the log-linearized equations related to firms.

Marginal cost is defined as:

me, = W, — A, (A.27)

We assume Calvo sticky prices where a firm (i) is allowed to reset its price with prob-
ability (1 — @) in each period. Moreover, when a firm that is unable to reoptimise, its
price is partially indexed to past inflation, i.e. P;(i) = Pt_l(i)nf_l. Thus, the Phillips
curve with inflation inertia equation can be expressed as:

(1-6p)(1-6)
6(1+3p)

A

B ~ P ~
T[t + mEtT[t'Fl + mCt + At) (A.28)

= Grepy 1

If &€ = 0, we have the forward-looking Philips curve. Note for model simulations, we
assume & > 0.

A.4 Monetary policy rule

it =piler + (1 - Pi)(Pnﬁt + py?t) + gé (A.29)
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A.5 Market clearing conditions and stochastic processes

Aggregate consumption:

CH9 =1 -sf)C, +sfCF (A.30)
Aggregate demand:

Y, =+ g, (A.31)
Aggregate supply:

Y, = A, + N, (A.32)

Bond market clearing condition:
b+ bf =0 (A.33)

Shock processes:

Cost-push shock: A, = pyA,_; + &} (A.34)
Demand (time-varying discount factor) shock: B, = pﬁ[?t_l + éf (A.35)
Appendix B

Model B: Borrowing constraint in nominal terms
B1. Borrower: Consumption

This section derives the borrowers’ consumption equation given the borrowing con-
straint is defined in nominal terms.

The budget constraint is:
P.Cf +i,1B{_y = Bf + W,N{. (B.1)

We divide the budget constraint by the current price level P, and we have the follow-
ing budget constraint:
B, _Bf

. 7%,
cF+i,4 P +P—:NtF- (B.2)

The borrowing limit is fixed in nominal terms:

Bf =B. (B.3)
Using (B.2) and (B.3), financially constrained household consumption equation be-
comes:

B

, B
I lt—l P_t + WtNtF (B4)

cf =
t P

B2. Borrower: Steady state

Given (B.4), we assume N = N and drop the time-subscript, we have the following
expression:
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=(1-DZ+wN. (B.5)
We Iet§ = b and Eg. (B.5) can be written as:
F=({1-1i)b+wN. (B.6)

Using following relation: i = %and dividing the above equation by Y, the steady state

of financially constrained household consumption is written as:
T=(-5)5+% (B7)

B3. Borrower: Log-linearized consumption equation

Given the financially constrained household consumption (B.4), financially con-
strained consumption’s equation in terms of log-linearization can be derived as fol-
lows:

A iB & B & iB,
CFCf =5 P =3P =ty + wN(W, + V) (B.8)
The above equation can be rewritten as:
Usingi = %, Eq. (B.9) can be expressed as:

CFEF = [— - 1|25, Ep ;B fe_q + wN(W, + N,). (B.10)

Usingg = b and dividing the above equation by Y, we have the following log-linear-

ized version of the borrower’s consumption:

[ 1] zt L+ (W + V). (B.11)

Appendix C

Model C: Borrowing with the current nominal interest rate
C1. Borrower: Consumption

This section derives the borrowers’ consumption equation given the borrowing con-
straint is defined in nominal terms and is a function of the current nominal rate.

The budget constraint is:
P.Cf +i,_Bf_, = Bf + W,NF . (C.1)

We divide the budget constraint by the current price level P, and we have the follow-
ing budget constraint:

CF+i,_,

Bf, _ B_LF Wi \F
% P + P, N;'. (C.2)

The above equation can be rewritten as
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F
CF=2t—i; 4
t P, t-1

F
=1 4w, NE. (C.3)
P

The borrowing limit is specified in nominal terms and is varied with the current nomi-
nal interest rate:

BF =B21. (C.4)

C2. Borrower: Steady state

Given (C.3), we assume N = N and drop the time-subscript, we have the following
expression:

F F
CF=37—iB?+wN. (C.5)
Using Bf = f;, the above equation can be written as:
CF=22—2+wN. (C.6)

We leth = %, Eq. (C.6) becomes:

CF=b-—b+wN. (C.7)

i
Using% = f§ and dividing the above equation by Y, the steady state of financially con-
strained household consumption is written as: :

cF b, wN

C3. Borrower: Log-linearized consumption equation

Given the financially constrained household consumption (C.3), financially constrained
consumption’s equation in terms of log-linearization can be derived as follows:

Ap  BF /o ~ .BF ,, o - PPN
CrCf =—(Bf = P) —i— (Br—y + Bf_y = P) + wN (W, + Ny). (C.9)
The above equation can be rewritten as:
A iBF ~ BF & iBF , iBF ~ BF o ~ =
CPCf = =P —— P ——iy —— B +—Bf + wN(W, + N,). (C.10)
Using Bf = B %, the above equation can be written as:
CFerF =1 by —<2BF L+ 22BF 4 wN(w, + A,) (C.11)
t t-1 Pi t—1 Pi t t t) .

A B B B, B 5 1B 5 ~ =
CFCg:‘:; t ; t_;lt—l_FBtF—l +?FBtF+WN(Wt+Nt)' (C.12)

o B & B, B 5 B 5 ~ v

Given Bf = —1,, we can rewrite the above equation as follows:
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A B & B, B . B . ~ PN
CFCtF = [1 - B]FPLL - Flt_l + ;lt—l - ﬁ;lt + WN(Wt + Nt)' (C14)
and we have the following equation:

CFCF = 1—BI2P, — B2, + wN (W, + ). (C.15)

o |

We let b = -, the above equation becomes:

CFCF =[1 - B1bP, — Bbi, + wN (W, + N,). (C.16)

We divide the above equation by Y and we have we have the following log-linearized
version of the borrower’s consumption:

SCE=11-p] g

<1

Appendix D: Impulse responses to a monetary policy shock

Figure 1D. Impulse responses of additional variables to a monetary policy shock

Ex-ante real rate, annually
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Source: Own calculations

Appendix E: Impulse responses to a monetary policy shock
given different levels of debt-to-GDP (90, 190 and 290 house-
hold debt as a percentage of GDP)

31



Figure 1E. Impulse responses for Model A at different levels of debt to GDP
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Source: Own calculations

Figure 2E. Impulse responses for Model B at different levels of debt to GDP
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Source: Own calculations
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Figure 3E. Impulse responses for Model C at different levels of debt to GDP
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Appendix F: Impulse responses to a demand shock

Figure 1F. Impulse responses of main variables to a demand shock
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Figure 2F. Impulse responses of additional variables to a demand shock

Ex-ante real rate, annually
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Appendix G: Impulse responses to a supply shock

Figure 1G. Impulse responses of main variables to a supply shock
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Figure 2G. Impulse responses of additional variables to a supply shock
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