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Abstract

Increasingly many central banks announce likely paths for future policy rates. Re-
cent experience suggest that market forward rates can differ substantially from those
announced. Models commonly adopted in policy analysis ignore such differences. This
paper studies a simple model that can capture deviations between announced paths
and market forward rates. We detail the macroeconomic transmission of such devia-
tions both in the model and in the data and show how the model can inform policy
deliberations.
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1 Introduction

For a number of years inflation-targeting central banks have published paths for their policy
instrument. Since before the Great Recession the central banks of New Zealand (since 1997),
Norway (since 2005) and Sweden (since 2007), for instance, all publish the most likely path
for their main policy instrument for one to three years following the date of the policy
decision. More recently, central banks more broadly (e.g. Federal Reserve, Bank of England,
Czech National Bank) have engaged in similar forward guidance about future policy rates -
typically constrained by the zero lower bound and aiming to provide additional stimulus by
signaling policy rates will be low for a sustained period of time.

While the central bank may announce a path for policy rates down the road, that need
not imply that it is able to steer actual market forward interest rates. In fact, experience
so far suggests potentially substantial deviations between the path announced by the cen-
tral bank and market expectations about those interest rates. Figure 1 shows two examples
of deviations between the central bank’s announcement and the market’s expected forward
rates. The examples are for Sweden and New Zealand, two countries with substantial histor-
ical experience with path announcements, and where the existence of futures contracts allow
distilling market expectations that can be compared to the central bank path. The left-hand
panel of Figure 1 contains the development of the Swedish repo rate (the Riksbank’s policy
instrument) up until February 2013, along with the announced path for the repo rate and the
market’s expectation at that date. The announced path lies substantially above the market
forward rates for the entire duration of the forecasting period. The average policy rate over
the announcement horizon is 1.64%, while the market expects it to be only 1.03% on average
over that same period. The right-hand panel shows another example of divergence between
policy and market, now for New Zealand in September 2009. In this instance, the market
expected a much faster increase in policy rates than the Reserve Bank of New Zealand an-
nounced. The average policy rate over the announcement horizon was 3.14%, while that of
the market was much higher at 4.43%.

Such divergence is not necessarily the norm. Market expectations are well aligned with

the path announced by the central bank on plenty of occasions. Figure 2 provides historical



Figure 1: Two examples of announced path and market forward rates: Sweden (February

2013) and New Zealand (September 2009)
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Note: Sweden: Repo rate; New Zealand: 90-day rate. The Reserve Bank of New Zealand
sets the Official Cash Rate (OCR) and publishes paths for the 90-day rate, which is generally
very similar to the OCR.

perspective on announced and expected rates in both Sweden and New Zealand. For each
policy date, the figure plots the average of central bank announced and market expected
rates over the announcement horizon. The discrepancy between the paths shown earlier in
Figure 1 is now apparent in Figure 2 in the February 2013 observation for Sweden, and the
September 2009 observation for New Zealand.

By plotting the average central bank and market paths over time, Figure 2 indicates
that the wedge between what is announced by the central bank and what is expected in the
market is at times substantial, with possible differences in average forward rates of over a
percentage point. The figure also reveals that such differences are not constant. Particularly,
in Sweden, the early years of announcements (2007-08) resulted in a central bank path that
largely overlapped with market forward rates. Throughout 2009, however, the market path
exceeded the central bank’s announced path. By contrast, from 2010 onward, there has been

an opposite and much larger wedge between the two: the central bank path has consistently
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layed above that expected by the market. The right-hand panel of Figure 2 summarizes
the New Zealand experience. By and large, it suggests much more short-lived deviations
between the central bank announcement and market forward rates compared to the Swedish
case.! The New Zealand experience also showcases that market perceptions occasionally
deviate substantially from central bank paths already before the Great Recession. Overall,
the short experience with the announcement of intended policy paths reveals that there can
be significant differences between what is announced by the central bank and what is priced

by the market.

Figure 2: Central bank and market path: Average forward rate over announcement horizon
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Note: Average of short-term forward interest rates over the announcement horizon at each
policy meeting. The announcement horizon can vary through time. The horizon over which
the average is taken is the longest common announcement horizon across all time periods

in our sample: 3 years for Sweden, 1 year for New Zealand.

Contemporary DSGE models in the literature, particularly those used for policy analysis
at central banks, do not distinguish between a central bank’s announced path and market

forward rates. As a result, model-based analysis effectively assumes the path announced by

!Svensson (2015) provides a detailed discussion of several particular policy experiences in Sweden, New

Zealand and the US.



the central bank is the one that is relevant for the economy. Clearly this may have impli-
cations. If the central bank’s forecasts are model-based, these forecasts will be erroneous if
there are macroeconomic consequences of market forward rates departing from announced
policy paths. Ignoring those deviations can thus mean that the central bank will at times
miss hitting targets and miss achieving its objectives, even in the absence of new shocks
hitting the economy. It may well turn out that the central bank’s policies are more ex-
pansive or restrictive than intended. As a result, the existence of fluctuations in the wedge
between announced and market interest rates raises a number of issues important in policy
deliberations, such as: What are the macroeconomic implications of such deviations? Should
macroeconomic forecasts be adapted in view of this difference? How would policy be set if
it takes account of the wedge?

This is not to say that policy deliberations thus far do not take into account potential
departures of market expectations from announced policy paths. But if they do, it is nec-
essarily done through judgment or through the use of non-structural models. We present a
model that can account for the existence of a wedge between the market and the announced
path and can thus address these issues. The crux of the model is that not all agents in the
economy have access to the same savings technology. This entails that while some agents
may be able to invest at (forward) interest rates that coincide with those announced by
the central bank, others may not have that opportunity and they rely fully on market for-
ward rates instead. The model is essentially a stripped down version of the preferred habitat
models advocated by Andrés, Lépez-Salido and Nelson (2004) and Chen, Cirdia and Ferrero
(2012). Our contribution is fourfold.

First, we reinterpret this type of models. We preserve the building blocks, which are agent
heterogeneity in savings technologies and limitations in the degree of arbitrage between them.
While Andrés et al. (2004) and Chen et al. (2012) use this framework to study term premia,
we map the interest rate each agent faces to the central bank announced path and the market
expected path of interest rates, respectively. The model allows these interest rate paths to
differ from one another, and such differences can have macroeconomic implications.

Second, we intentionally keep the model very simple. On the one hand, this enables us

to highlight the key mechanisms at work, without interaction with other frictions. On the



other hand, one comparative advantage of this model relative to others that can generate
a wedge between market and policy-announced forward rates is simplicity. Particularly,
the model enables studying the effects of such deviations without endowing agents with
alternative expectation formation mechanisms or asymmetric information compared to the
central bank. In principle, the model’s transmission mechanism can both substitute and
complement these alternative theories. The latter tend to be more involved (e.g. in terms
of explanation, estimation) and are thus typically less easily adopted in policy deliberations.
We set up the main mechanism in such a way that it can easily be appended to a variety of
models, without changing the transmission channels already present in them.

Third, we provide empirical evidence on the macroeconomic effects of divergence between
central bank paths and market forward paths. Specifically, we extend standard monetary
policy VARs to include information on the wedge between the two paths. We then estimate
these for Sweden and New Zealand, two countries with a sufficiently long historical experience
with central bank path announcements. For Sweden, where the difference between bank
announcement and market expectation has been both substantial and persistent (Figure 2,
left panel), the evidence is consistent with the main model features. For New Zealand, where
fluctuations in the wedge have been less of a concern (Figure 2, right panel), macroeconomic
effects are absent.

Fourth, we show how the model can easily be of use in a policy context. Models commonly
adopted in policy analysis need to turn a blind eye to the issue since they imply the central
bank path coincides with that of the market. As a result, model-based forecasts and policy
prescriptions ignore the presence of the wedge, which can be substantial and most certainly
is of concern in policy deliberations. The model enables one to consider alternative forecasts
that incorporate the wedge and study alternative policy paths.

The paper is structured as follows. We first describe the building blocks of the model and
discuss how it can capture the effects of deviations between market forward rates and the
announced path in Section 2. Section 3 discusses interpretation and related models. Next,
Section 4 details model dynamics, parameter sensitivity and other properties. In Section
5 we turn to the data and estimate the macroeconomic effects of changes in the wedge.

Subsequent to a calibration of key model parameters, Section 6 considers how the model can



inform policy analysis.

2 The model

The model economy is populated by a continuum of households, a continuum of producers
and a government. Two types of bonds can be traded. The interest rate on the first type
of bond, B®E, is controlled by the central bank. The interest rate on the second type of
bond, BM, is determined in the market. The household sector consists of restricted and
unrestricted households. The unrestricted type, which constitutes a share 0 < w < 1 of
all households, can trade in both bonds. Specifically, they can trade the central bank bond
freely, but face a financial transaction cost when purchasing the bond carrying the market
determined interest rate. Transaction costs are paid to financial intermediaries owned by all
households. Restricted agents, the remaining share 1 — w of households, can only trade in
the bond carrying the market determined interest rate and do not pay the transaction cost.
Both bonds are one-period securities. Foreshadowing our subsequent analysis, the expected
future values of the interest rate on B®E will correspond to the central bank path. The
expected future values of the interest rate on B will correspond to the forward rates in the
market.

The remainder of the model closely adheres to prototype New-Keynesian DSGE mod-
els. In particular, as in Gali (2008), producers use labor input to produce a differentiated
good which is sold under monopolistic competition to both types of households. Prices are
staggered as in Calvo (1983). The government’s budget consists of transfer payments and

government spending and is balanced on a period-by-period basis.

2.1 Unrestricted households

The unrestricted households solve

0o u\1l—o u\1+e
max EO Z (6u)t (Ct ) (Lt)
t=0

1l—0 1+

subject to the flow budget constraint
RO+ B + @B = ICTBIS" + 1M, B + WLy + BT, + BD,. (1)
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C} is consumption in period ¢, L is labor supply, F; is the consumer price index, W; is the
nominal wage rate, T; denotes transfers, D, is dividends from ownership of the producers
and financial intermediaries in the economy. 3" is the discount factor, o is the coefficient
of relative risk aversion, ¢ is the inverse of the Frisch elasticity of labor supply. Btc By
denotes unrestricted households’ holdings of central bank bonds at the end of period ¢.
IFB is the gross nominal interest rate on these bonds held between period ¢ and t + 1,
Biw " denotes holdings of market bonds issued in period ¢, and I} is the nominal interest
rate on these bonds. Unrestricted households have to purchase the market bonds through
financial intermediaries. These intermediaries charge an additional cost when selling the
bonds implying that the total cost for unrestricted households of a market bond is ®;, which
can be different from 1.? The profits of the financial intermediaries are distributed to all

households in the economy.

Maximizing utility subject to the budget constraint yields

= =" (2)
u ’_‘UW
(Lt )(p = =t ?: (3)
U u U P
E =0 [tCBEt [:tﬂp : ] (4)
T+l
L P,
= L D e
=0 [Ea ] )

where =} is the marginal utility of income in period ¢. The first two first order conditions are
the typical optimality conditions for consumption and labor choice that prevail in the simple
representative agent New-Keynesian model (e.g. Gali, 2008). The first order conditions
for bond holdings (4) and (5) are equally standard. Equation (5) reflects that the effective
return obtained by unrestricted agents when purchasing the market based bond is IM /®;,

the market based return adjusted for the transaction cost.

2As in, e.g., Andrés et al. (2004), Curdia and Woodford (2010) and Chen et al. (2012) we assume that

agents cannot offset the market incompleteness by trading firm shares.



2.2 Restricted households

The restricted households only trade in the market bond B™ but do not pay the financial

intermediation cost. Hence, they solve

. (o N 07 e
max F) ™y -
X Lo ; (ﬁ ) 1—o 1+o
subject to the constraint
PCr + BM" =M BY' + W,L} + PT, + P,D;. (6)

The first order conditions are given by

= =(C))° (7)
r '—'T‘W
(Lt)p :t?tt (8)
—_r T —_r P
= =0 [tMEt [:t+1pt } (9)
t+

2.3 Production Sector

There is no capital formation in the model so goods are produced using only labor as input.
Labor is sold under perfect competition in an economy-wide market. The production function
for firm j is

Y, (]) =U; L (])

where Y; (j) is total production, L; (j) is the amount of labor input, and U} is an aggregate
productivity shock.

Nominal price setting is subject to frictions modelled as in Calvo (1983). In each period
a constant fraction, 1 — «;, of producers receives a signal to revise their price. Producers that
do not receive a signal update their price according to the rule P, (j) = P,_; (j) IT where II

is the steady state inflation level. Producers that receive a signal in period ¢ solve

o0
b - - -
max [ E o At,t+k (Pt,t+kYt,t+k - Wt+kLt,t+k>
k=0



subject to

~ —0
~ P,

3 L
Yierw = U o Ltk

and subject to the price updating rule, where ]5t7t+k is the optimal price applying in period
t + k of producers that last changed their price in period ¢, }N/MHC is demand in period t + k
for the good of producers that last changed their price in period ¢, EtHk is these producers’

demand for labor in period t + k, Y, is total output in period ¢ + k, and

u\k —qy Nk —r
X N (B8*) :t+k+(1_w) (B") :t—&-k‘

—t —t
Hence, future cashflows are discounted with the average of the stochastic discount factors of
the unrestricted and restricted agents following Chen et al. (2012).
Notice that because of the price update rule we may write PtHk = Pt,t (ﬁ)k Optimal

price setting satisfies

— ki - 0 Wiy 1
E, akAt,t-‘:-kY;f7t+k {Pt,t - = > = 0. (10)

2.4 Government

There are two items in the government’s budget constraint, transfer payments and gov-
ernment spending. We assume that the budget is balanced on a period-by-period basis, a
common assumption in many contemporary DSGE models. Hence, the government does not

issue bonds (BE? = BM = (). The government budget constraint reads
OZPtTt+Pth. (11)

In contrast to the standard model, issuance of different types of bonds has real conse-
quences in the present context. The reason is there is a type of agent in the model that
cannot trade in the central bank bonds. As a result, BEZ # 0 implies allocational effects
across different households. Our fiscal block thus differs from that in Andrés et al. (2004)
and Chen et al. (2012), where short term bonds are used as a residual means of financing,.

The reason is twofold. On the one hand, we aim to stay close to the representative agent New

10



Keynesian model. The present assumption (BS? = BM = 0) eliminates the aforementioned
allocational effects. It thereby avoids non-Ricardian effects that arise when issuing all debt
to only a fraction of households, which is the case in the setup of Chen et al. (2012). Second,
modeling consequences of the government maturity structure is essential for some purposes
(e.g. the evaluation of quantitative easing in Chen et al., 2012), but not strictly required for
modeling differences between announced and market rates.

Finally, the central bank sets the nominal interest rate according to

it =pich + (11— p,) (%ﬂrt + wyyt) + uj (12)

where lower case letters indicate log-deviations around the steady state of the corresponding
upper case variables, p; measures the degree of interest rate smoothing, ¢, and v, the

response to inflation and output respectively, and u! is a monetary policy shock.

2.5 Market clearing

The labor market clears when
1
WIE 4 (1= w) L) = Ly = / Lo () dj. (13)
0

The market for product j clears if

UrLe() = (PT“)> v

where total output is given as the sum of consumption and government expenditure
Y, =C, + Gy (14)
and aggregate consumption is defined as
Cy=wC + (1 —w)Cy. (15)
Integrating the goods market clearing condition across all producers yields
P,

1 -0
v [ nydi=vin= (1) v (16)
0 t
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where
~ N\ —0 ! N—0 4.
)" = [ oyt
0
The C' B—bond market clears if
0=wB"" (17)

and the M —bond market clears when
0=wB"" +(1—w)BM" (18)

where we use that the government does not issue any bonds.

2.6 Steady state and solution method

We linearize the equilibrium conditions around a steady state with zero inflation and no
spread between the yield of the two bonds (5 = ") and solve the resulting system using
standard methods. Variables in deviations from steady state are written in lower case.

In the absence of additional assumptions, the non-stochastic steady state of the model
is indeterminate and, furthermore, the linearized model will contain a unit root. This is a
common feature of heterogeneous agent models with incomplete financial markets. In view
of this we assume that

¢, = T+ uy. (19)

The last term uf’ is the (possibly persistent) exogenous process determining the evolution of
transaction costs ¢,. The first term implies that larger market bond holdings for the unre-
stricted households result in a larger financial transaction cost. This, in turn, mitigates their
incentive to invest in these bonds. As a result, this mechanism suffices to prevent M —bond
holdings from growing unboundedly. Hence, 7 > 0 implies a well-defined steady state as
well as stable dynamics (see Schmitt-Grohé and Uribe, 2003). In our numerical exercises,
we set 7 close to zero, albeit sufficiently large to avoid numerical problems. Since the finan-
cial transaction cost depends on aggregate variables individual agents do not internalize the

effect their actions have on these costs.
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2.7 Interest rate forward paths

The model implies two types of agents who trade subject to limited arbitrage. The extent
of arbitrage is determined by fluctuations in the transaction cost ¢,. To see that, consider

each agent’s (linearized) consumption Euler equation(s)

1.

C;L = EtC?_,'_l — E (ZtCB — Etﬂ-t—‘rl) (20)
1.

C;L = Etct+1 — ; (Ziu - (bt - Etwt—i-l) (21)
1.

cy By, — = (it" — Eymi) - (22)

The unrestricted agent trades at the central bank rate while the restricted agent trades at
the market determined interest rate. Optimal behavior of the unrestricted agent ensures
that

iM =98 1 o, (23)

Thus a basic property of the model is that it features agents trading bonds at different prices.

Solving equations (20) and (22) forward implies

1 & ,
¢ = - Z Ey (i — Te1ik) (24)
k=0
1 & ,
C: = —; Z Et (lef\jf-k - 7Tt+1+k) . (25)
k=0

Let us define the average forward rate over horizon n:

n—1
. 1 .
il = =3 Bilh (26)
k=0
and .
: 1= .
k=0
L,CB

The above equations show that, for sufficiently large n, i,”~" is the long-term interest rate
relevant for the consumption choice of the unrestricted agents, via (24). Similarly, zf Mg
the long-term interest rate that matters for the consumption choice of restricted agents, via

(25).
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When n is taken to be the announcement horizon of the central bank, these rates corre-
spond exactly to the average bank and market forward rates plotted in Figure 2. As such the
model easily allows for an interpretation where some agents trade at the announced policy
path (E,if%), whereas others trade at market forward interest rates (Eyil1,). Under the

“B captures the long rate implied by the announced

above interpretation the interest rate i,
path of policy rates. Similarly, market forward rates imply another long rate, th MOt is
worth emphasizing that neither of the above long rates has a readily observed counterpart
in the data. They are simply constructs that summarize paths of (market and central bank)
forward rates over a certain horizon, as in Figure 2.

The absence of arbitrage between different types of agents is driven by fluctuations in the

transaction cost ¢,. Specifically, the wedge between the two paths (or equivalently between

the two long-term interest rates) is

wedge, = PP —ibM (28)

1 n—1
= _EZE"/@“"“'
k=0

This makes clear how fluctuations in transaction costs create heterogeneity in returns. This,
in turn, creates heterogeneity in consumption dynamics across agents, through (20)-(22).
Aggregate effects then follow suit. Total consumption is the sum of both agents’ consump-
tion. Because different agents’ consumption is driven by different interest rates, aggregate
consumption is driven by multiple interest rates. As a result, aggregate output fluctuations

are a function of both interest rates
Y = wey + (1 —w)cy. (29)

It is worth emphasizing these essential ingredients of the model. Recall that the standard
New Keynesian model cannot account for the wedge, nor explain why it might have macro-
economic consequences. These modifications aside, the remainder of the model is identical
to the representative agent New Keynesian model, i.c. the policy rule (12) and the Phillips

curve

T = K (wy — Uf) + BB (30)
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where we have used f =" =", and k = (1 — o) (1 — af) /a.

3 Interpretation and relation to the literature

The model presented is a variant of Andrés et al. (2004). Theirs is a model in which
unrestricted agents can trade in both short and long term bonds while restricted agents
trade only in long term bonds. The real-world counterpart of that heterogeneity, they argue,
can be thought of as households saving through banks and pension funds respectively. Some
agents wish to save through commercial bank deposits. Commercial banks typically fund
themselves short term (their preferred habitat) or, put differently, they incur a cost when
funding through less liquid longer term securities. This much in contrast to institutional
investors like pension funds, whom often prefer or are institutionally required to invest in
longer term assets. In such an environment, the transactions cost shocks can act as a stand-in
for fluctuations in the degree to which arbitrage between these different agents occurs.

The present model shares with the model of Andrés et al. (2004) both the heterogeneity
across agents and fluctuations in the degree of arbitrage between them.? That said, the model
is distinct in that the heterogeneity does not span the maturity of the assets in which the
agents invest. In fact, in the present model both bonds have the same maturity. The assets
are characterized by a different return, though not necessarily in steady state.* Moreover, so
long as the fraction of (un)restricted agents lies strictly between 0 and 1, each interest rate
will have distinct effects on private consumption and thus the macroeconomy.

As such the model can capture different real world counterparts. One possibility, not
unrelated to the motivation in Andrés et al. (2004), is that households have different savings
vehicles. As but one example, in Sweden retirement savings are channeled through either
government or private pension funds. Both funds deliver a distinct return, which is not

necessarily different ex ante, or in steady state. Switching between the different funds,

3In Andrés et al. (2004) limited arbitrage is modelled by means of portfolio adjustment costs that enter
the utility function of the unrestricted agents. We follow Chen et al. (2012) and incorporate transaction

costs in the budget constraint.
4In our calibration, where agents have the same discount factors, there is no steady state spread between

the two interest rates.
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however, is subject to (real or preference) costs which could vary through time. These
features accord well with essential characteristics of the model, notably heterogeneity in
savings opportunities and limited arbitrage between them.

More broadly the model can reflect various types of heterogeneity in access to finance or
savings technologies across agents. Examples include firms (or strictly speaking, households
owning firms) that finance through bank versus market finance; households and firms that
borrow under different contracts, at banks that differ in the degree to which they pass through
changes in policy rates, or at narrow vs. risky or shadow banks. In such environments it
may be natural to think of one of the interest rates as more closely tied to the central
bank rate than the other, as is the case in the model. As a concrete example, consider the
increase in the wedge in Sweden following the financial crisis, observed in Figure 2. One
interpretation of this policy path exceeding the market path is the following. At the time,
the central bank and financial regulator were considering measures to cope with financial
stability and systemic risk. If anything, these hinted at higher policy rates in the future (at
given macroeconomic outcomes): for fears of instigating risk-taking channels of monetary
policy or feeding (e.g. house price) bubbles. The dire macroeconomic environment aside,
these upward pressures are local to that part of the financial market. The rate at which
firms could finance themselves (be it through internally generated funds, via the corporate
bond market, or internationally) is not immediately affected.” As an empirical matter,
different asset classes exhibit different yield responses to central bank path announcements
(e.g. Rogers et al., 2014). There is also ample heterogeneity in how different banks respond
to policy changes (e.g. De Graeve et al., 2007). Against this background, the view that
certain interest rates are tied more closely to the central bank path than others does not
appear particularly controversial.

Thus, the model captures differences in interest rates across agents which, in the presence
of fluctuations in transaction costs, can only be partially arbitraged away. It thereby provides
a way to capture differences in interest rates important for aggregate dynamics. In doing so,

it relates to a number of alternative models.

>Of course, both market and policy rates do respond to the macroeconomic environment. The argument

here pertains to the difference between both rates.
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First, by having multiple interest rates, it severs the tight link between money market
rates and aggregate consumption implied by the Euler equation. As shown in Canzoneri et
al. (2007), the absence of such a tight link in the data is a more fundamental problem facing
representative agent macro models. The ensuing discrepancy is often subsumed in shocks
to the Euler equation or to the budget constraint. For instance, the model of Smets and
Wouters (2007) has a typical short term (policy) interest rate, while the budget constraint
is also affected by a shock which captures deviations from that rate. The sum of those
then maps into the effective interest rate that determines consumption through the Euler
equation. Fisher (2015) provides an alternative structural motivation for that effective inter-
est rate, based on households having preferences defined over assets with different liquidity
characteristics.

Second, the model relates to models with financial frictions in that it has multiple interest
rates determining aggregate demand. Here, the difference in these interest rates is not driven
by a difference in preferences (e.g. Tacoviello, 2005; Curdia and Woodford, 2010) or an
underlying agency problem (e.g. Bernanke et al., 1999), but rather a difference in savings
oppportunities across agents in the economy. From this perspective, the model relates to the
broader class of models that study the aggregate implications of limited participation (e.g.

Gali et al., 2004; Guvenen, 2009).

4 Model dynamics and transmission

4.1 Transaction cost shocks

We here describe the transmission mechanism of changes in the transaction cost in the model.
We lay out intuition through a series of partial equilibrium effects which, when combined,
explain the impulse responses to a financial cost shock shown in Figure 3.

Consider an innovation to the transaction cost u{ > 0. First, this leads to a (persistent)
increase in the transaction cost, ¢,, unrestricted agents have to pay to buy market bonds.
This makes C B—bonds more attractive, inducing unrestricted agents to rebalance their

portfolio: they wish to sell M —bonds and buy C'B ones. Ceteris paribus, these agents have
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Figure 3: Impulse responses to a transaction cost shock

Inflation Output gap Policy rate
0.5 0.5 0
0 0 0.1
-0.5 -0.5 -0.2
5 10 0 5 10 0 5 10
Consumption: unrestricted Long rate: CB (unrestricted) Transaction costs
0.5 0 .006
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Note: Parameters related to household types and transaction costs: w = .5, p, = .5. Other

parameters are described in appendix.

no incentive to alter their consumption plans as the expected path of future real short rates
has not changed. They merely arbitrage between the two bonds.

Second, the fact that unrestricted agents sell off their M —bonds implies that the price of
these bonds falls. While restricted households do not face a transaction cost when trading
the M —bond, they have no alternative means of saving. As a result, the reduction in price
makes M —bonds more attractive. Because these bonds now offer a higher return, restricted
agents save more and consume less.

Third, the reduction in consumption of restricted households acts as a drain on aggregate
demand. Faced with such downward pressure on output and prices, the central bank responds

by lowering the short-term interest rate, i¢Z.
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Fourth, the reduction in the policy rate makes saving less attractive for the unrestricted
households. They therefore sell off part of their bond portfolio and increase consumption.

Of course, in general equilibrium all these effects occur simultaneously. Yet the break-
down in steps is helpful to understand the transmission mechanism in the model. Most
clearly, it reveals how unrestricted agents essentially evade the increased transaction costs,
by substituting into C'B—bonds. The resulting M —bond price fluctuations primarily im-
pact the restricted agents who, while not facing the transaction cost, cannot substitute into
alternative assets.

Taking everything into account, an exogenous increase in transaction costs reduces both
output and inflation. Transactions cost shocks act as demand shocks. A market path above

that of the central bank - a negative wedge - serves as a drag on economic activity.

4.2 Parameter sensitivity

The strength of these mechanisms is determined by the different parameters underlying
the friction. Two parameters are key in determining the size and shape of these impulse
responses.

Regarding the size of the response, w, the fraction of unrestricted agents in the economy
is crucial. Figure 4 documents how transmission changes as a function of w. The more
unrestricted agents there are, the higher the fraction of people that can substitute away from
the transaction cost. This implies that a given increase in the transaction cost will induce a
stronger fall in the price of the M —bond (or, equivalently, a stronger increase in the long rate
for restricted agents, @tL ’M). As a result, restricted agents’ consumption will be reduced more
than for lower values of w. At the same time, because they are less numerous, this larger
fall in restricted agents’ consumption has less of an aggregate impact. It will therefore not
imply a strong response from the central bank. The virtual absence of changes in the policy
rate implies unrestricted agents do not alter their consumption behaviour much. In sum, the
larger the fraction of unrestricted agents, the smaller aggregate effects of transaction costs
are. In the limit, as w — 1, transaction cost shocks no longer have macroeconomic effects.
Conversely, note that the model nests the possibility that the central bank’s announced

path is irrelevant. Particularly, as w — 0 the central bank may announce what it will, it’s
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announced rate only affects the unrestricted agents directly, of whom there are virtually none

populating the economy. Consumption and output are then driven solely by decisions of the

restricted agents, for whom it is the market path (i, Etz'i‘ffl, ...) that matters, not the policy

path. So long as w > 0, the policy path does have direct macroeconomic consequences.

Figure 4: Impulse responses to a transaction cost shock: fraction of unrestricted agents
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Regarding the shape of the response, the persistence of the cost shock p,, is both important

and straightforward to understand. Additional persistence in transaction costs translates into

more persistent forward rate movements (both i¢? and i) and longer lasting macroeconomic

dynamics. Note that both w and p, affect the relative volatility of the different implied long

.L,CB
rates (i

and i-™) in the model.

20



Figure 5: Impulse responses to a transaction cost shock: shock persistence
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4.3 Alternative shocks

In the present model fluctuations in the transaction cost are entirely driven by exogenous
cost shocks. This is apparent from (19), where the stabilizing term is numerically small
enough to ignore. While it is possible (and for some applications of interest) to make the
transaction cost a function of additional endogenous state variables (e.g. Andrés et al.,
2004; Chen et al., 2012) we do not pursue that route here. One motivation for this choice is
transparency: the model becomes particularly straightforward to understand and analyse,
yet retains numerous interesting features.

Perhaps the main feature is that, in the absence of fluctuations in the transaction cost,
model dynamics are isomorphic to the standard representative agent New Keynesian model.
To see that, consider the Euler equations (20) through (22). Note that because standard

business cycle shocks leave the transaction cost ¢, unaffected, all three equations collapse
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into the standard Euler equation of the representative agent model.

This has two immediate implications. First, common business cycle shocks, such as
productivity, preference or monetary policy shocks, have the same effects as in the standard
representative agent New Keynesian model. This happens because the heterogeneity within
the model is really only operative conditional on one type of shock, i.c. the transaction cost
shock. All other shocks affect both types of households in a similar fashion.

Second, as such, the key friction of the present model is immediately appendable to
many existing DSGE models without it changing the transmission mechanisms they already
contain. A practical advantage is that this enables one to consider conse