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Abstract

We develop a model with diagnostic expectations (DE) and a fi-
nancial accelerator (FA) that generates mutually reinforcing shock
amplification, especially in the case of demand shocks. However,
supply shocks can be dampened via a debt deflation channel, which
is strengthened amid DE. Importantly, the model results in a worsen-
ing of the inflation-output volatility trade-off confronting policymak-
ers. In contrast to most of the literature—which argues against tar-
geting the level of asset prices—our financial accelerator model with
DE suggests that targeting house price growth may result in welfare
gains.
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1 Introduction

Economies experience recurrent business cycle fluctuations. The lead up
to the Global Financial Crisis (GFC) of 2008-2009 saw an unprecedented
rise in mortgage debt amid a boom in property prices which was then fol-
lowed by asset price declines, deleveraging, and a severe recession.! The
drivers and aggravating factors underlying such harsh economic contrac-
tions continue to be actively debated in policy circles and in academia.

A long-standing tradition in macroeconomics, traced back to Fisher
(1933) and Keynes (1936), gives a central role to financial frictions in gen-
erating business cycle fluctuations. Bernanke and Gertler (1989) and Kiy-
otaki and Moore (1997) argue that turbulent business cycle fluctuations
are a result of shocks being amplified by financial frictions. More gener-
ally, according to this view, deteriorating financial conditions are not just
a passive reflection of an economic decline, but are themselves a major
factor depressing economic activity.

An alternative view argues that non-rational beliefs are a key driver
of macro-financial instability. Based on the work of Minsky (1977) and
Kindleberger (1978), proponents argue that during good times, investors
are too optimistic, resulting in an overexpansion of credit and investment.
When sentiment sours, however, financial conditions tighten and economic
activity falters. In fact, recent studies present evidence rejecting the pure
version of the rational expectations hypothesis. These studies note that the
expectations of professional forecasters, corporate managers, consumers,
and investors appear to be systematically biased in the direction of an
overreaction to news (Bordalo et al., 2020).2 In other words, beliefs are
too optimistic in good times, and too pessimistic in bad times. Put differ-
ently, this literature argues that the overreaction of beliefs can account for
macroeconomic boom-bust cycles.

In this paper, we synthesize both views by assessing how a combina-
tion of financial frictions and non-rational beliefs can account for business
cycle fluctuations. We adapt a well-known New Keynesian model with
financial frictions by introducing Diagnostic expectations (DE)—a depar-

ISee, for example, Cardarelli et al. (2011), Jorda et al. (2016), or Shiller (2016), among
many others.

2For studies challenging the rational expectations hypothesis, see, for instance, Soule-
les (2004), Vissing—Jorgensen (2003), Mankiw et al. (2003), as well as Bordalo et al. (2022).



ture from rational expectations (RE)—which allows for an overreaction of
beliefs. Specifically, we modify the framework developed by lacoviello
(2005) where financial frictions are modeled as collateral constraints tied
to housing values. This framework is then augmented with DE, as devel-
oped by Bordalo et al. (2018), to model non-Bayesian beliefs that accounts
for a broad range of well-documented departures from rationality. Un-
der DE, good news leads an agent to focus on favorable future outcomes
(such as an economic expansion), causing excessive optimism, and vice
versa. This dynamic results in excessively volatile expectations and, con-
sequently, more pronounced business cycle fluctuations.

The financial accelerator mechanism is intuitive: A monetary contrac-
tion that raises the policy rate, leads to lower output, inflation, and house
prices. Lower house prices tighten collateral constraints, reducing en-
trepreneurial borrowing and activity. This slowdown further depresses
house prices, creating a negative feedback loop. In contrast, with supply
shocks, output and prices move in opposite directions. Higher inflation
thereby reduces the real debt stock, mitigating the shock’s impact since
borrowers spend more than lenders. This debt deflation channel dampens
supply shocks, resulting in financial deceleration.

The introduction of DE amplifies shocks due to volatile expectations.
DE combines rational expectations (RE) with an over-weighted response
to recent news. For example, a positive income shock leads to overly op-
timistic future output expectations and overconsumption. This overcon-
sumption is followed by disappointment as expectations adjust to actual
outcomes, causing an overreaction in the opposite direction. DE results in
a higher marginal propensity to consume compared to RE and strength-
ens the interest rate, asset price, and debt deflation channels. Accordingly,
DE and the financial accelerator (FA) can reinforce each other in the case
of demand shocks by strengthening the asset price channel. At the same
time, DE strengthens the debt deflation channel, thereby attenuating the
impact of supply shocks.

The quantitative implications of introducing DE are significant. Con-
sider a monetary contraction where the policy rate is increased by one
percentage point. Under RE, the inclusion of the FA mechanism increases
the severity of the immediate economic contraction to -0.8 percent in con-
trast to the baseline model (RE without FA) which results in a -0.7 per-
cent decline in economic activity. The inclusion of the FA alone has only



a muted impact on model dynamics, in line with the critiques of Kocher-
lakota (2000) and Christiano et al. (2018). By comparison, the incorpora-
tion of DE results in much greater shock amplification. For example, in
the FA model with DE, the same shock generates a sharp -1.3 percent de-
cline in output. Under alternative calibrations, which strengthen the effect
of DE, the impact of both demand and supply shocks can be significantly
larger. Moreover, DE combined with FA generate mutually reinforcing
shock amplification, especially in the case of demand shocks.

Importantly, the presence of DE worsens the inflation-output volatility
trade-off confronting policymakers. This is because, relative to the models
with RE, DE results in greater shock amplification. Therefore, at any given
level of inflation volatility, the policymaker is faced with a higher level
of output volatility, and vice versa, in the DE models relative to the RE
models. At the same time, under DE, the desire to reduce inflation volatil-
ity implies that policymakers would need to accept even greater levels of
output instability as the policy frontier steepens faster relative to the RE
case.

Given the deterioration in the policy trade-off, we then explore mon-
etary policy strategies within our modeling framework. Specifically, we
compare the consequences of simple policy rules in the presence of DE
and financial frictions. The analysis can be summarized as follows: In the
baseline model (RE without the FA), the policy rule of flexible inflation
targeting (FIT) prevails. In contrast, with DE, a policy rule of price-level
targeting (PLT) results in the lowest welfare costs, which is consistent with
the optimal monetary policy literature (Woodford, 2003). Turning to the
FA models, the analysis indicates that there is no value in targeting the
level of house prices. This finding corroborates studies that can be traced
back to Bernanke and Gertler (1999), among others, who underscore that
once movements in inflation (and possibly the output gap) are taken into
account, there is no need for monetary policy to respond to asset prices.

Importantly, however, the analysis also suggests that rules which tar-
get the growth rate of house prices are the best within our modeling frame-
work. The welfare gains are especially notable in the FA model with DE.
For instance, in contrast to the next best alternative rule, the analysis in-
dicates a potential welfare gain of over 3 percentage points of steady state
consumption. By more aggressively responding to fluctuations in house
price growth, this rule seems to strike the right balance by sufficiently sup-



pressing the asset price channel (which dampens the impact of demand
shocks) and by taking advantage of the stabilization benefits of a stronger
debt deflation channel (which is strengthened under DE and helps atten-
uate the effects of supply shocks). Although this finding challenges many
studies in the literature, it does echo the results of Gilchrist and Saito (2008)
who consider the value of targeting equity price growth under imperfect
information. A key advantage of targeting asset price growth is that the
policy maker does not need to make a judgement call regarding the fun-
damental value of the asset. In this context, targeting the growth of the
asset prices thereby renders such a policy more robust. In summary, our
modeling framework suggests that although there is no case for targeting
the level of house prices, there seems to be merit in considering the growth
of asset prices when formulating a monetary policy strategy.

Literature Review

This paper is related to three broad strands of the literature. First, it
examines the macroeconomic implications of financial frictions, as stud-
ied by influential works like Bernanke and Gertler (1989) and Kiyotaki
and Moore (1997) who endogenize financial market frictions by introduc-
ing agency problems between borrowers and lenders. Motivated by the
Global Financial Crisis (GFC), more recent studies have included balance
sheet constraints on banks.> We contribute to this literature by illustrat-
ing how the combination of DE and FA can generate mutually reinforcing
shock amplification. Hence, our paper addresses the critique that financial
frictions have only modest quantitative effects on model dynamics (see,
for instance, Kocherlakota (2000), and Christiano et al. (2018)).

Second, this paper explores departures from rational expectations, by
focusing on Diagnostic Expectations (DE), as developed by Bordalo et al.
(2018).* As discussed in the next section, DE models can generate greater
macroeconomic fluctuations owing to overreaction by agents. Under DE,

3See for example Curdia and Woodford (2011), He and Krishnamurthy (2013), Stein
(2010), Gertler et al. (2020), Christiano et al. (2014), and Curdia (2007). For open economy
variants, see Gertler et al. (2007) and Elekdag and Tchakarov (2007). Non-linear effects are
introduced in Sims et al. (2021), Monacelli (2009), Jermann and Quadrini (2012), Jeanne
and Korinek (2019), Brunnermeier et al. (2013), and Gertler et al. (2020). See also Adrian
and Shin (2011), Allen and Gale (2007), Diamond and Rajan (2006), and Holmstrom and
Tirole (1997). For a survey of the literature, see Gertler and Gilchrist (2018), Brunnermeier
et al. (2013), and Gertler and Kiyotaki (2015).

4For other approaches, see for example, Mankiw and Reis (2002), Sims (2003), Coibion
and Gorodnichenko (2015), and Benchimol and Bounader (2023).



agents are too optimistic after good news, and too pessimistic after bad
news. Bordalo et al. (2018) use DE to explain several features of credit
cycles and macroeconomic volatility in the spirit of Minsky (1977).> Two
particularly noteworthy studies are by Bianchi et al. (2023) and L'Huillier
et al. (2023), who introduce DE into New Keynesian models.® We con-
tribute to this growing literature by investigating how the incorporation
of DE into a model with financial frictions affects the desirability of opti-
mal simple monetary policy rules.

Third, this paper contributes to the debate on whether central banks
should respond to asset price fluctuations.” While some argue that mone-
tary policy should not directly respond to asset prices,® others believe that
incorporating asset prices into policy can reduce the likelihood of mis-
alignments.” Our assessment of optimal simple (monetary policy) rules
suggests that there is merit for a central bank to consider targeting house
price growth rather than the level of house prices.

The paper is organized as follows. Section 2 presents a primer on Di-
agnostic Expectations (DE), where Section 3 provides an overview of the
model. Section 4 contains the main results of the paper and includes sub-
sections covering model dynamics, policy frontiers, simple monetary pol-
icy rules, and sensitivity analysis. Concluding remarks are contained in
Section 5.

SRelated studies include Gennaioli et al. (2012), Gennaioli et al. (2012), Jin (2015),
Greenwood et al. (2019), Barberis et al. (1998), and Pflueger et al. (2020)

°DE has also been used to investigate stock market bubbles Bordalo et al. (2016), stock
returns Bordalo et al. (2019), bond yields d’Arienzo (2020), and bond pricing Favero et al.
(2023). See also Maxted (2023), Bordalo et al. (2021), and Camous and Van der Ghote
(2022).

“For surveys, see Smets (2014), Ajello et al. (2016), and IMF (2015).

8See Bernanke and Gertler (1999), Bernanke and Gertler (2001), and Gilchrist and
Leahy (2002). Korinek and Simsek (2016) and Farhi and Werning (2016) argue that finan-
cial stability concerns could be better addressed by macroprudential policies (the ”sepa-
ration principle”).

9See, for instance, Checchetti et al. (2000), Gourio et al. (2018), and Filardo and
Rungcharoenkitkul (2016). Dudley (2015) argues that the separation principle is hard
to implement in practice and Stein (2013) notes that monetary policy has broad effects as
it “gets in all the cracks” while macroprudential policies may be too narrow.



2 Diagnostic Expectations: A Primer

This section provides an overview of diagnostic expectations. As sum-
marized by Bordalo et al. (2022), there is a growing body of survey-based
evidence rejecting the pure version of the rational expectations hypothe-
sis. Therefore, building on Kahneman and Tversky (1972)’s representative
heuristic, Bordalo et al. (2018) introduce Diagnostic Expectations (DE) as
an alternative to Rational Expectations (RE). Importantly, DE generates
enhanced shock amplification owing to excessively volatile expectations,
which can help account for significant business cycle fluctuations.

To develop the intuition of DE, consider an agent who must assess the
future value of a random variable X conditional on data D. When con-
templating the future realization of X given data D, the agent selectively
recalls states X that are most similar to the data (relative to other infor-
mation). In other words, memory is associative in that a given event au-
tomatically prompts the retrieval of similar experiences from the past as
in Kahana (2012). Importantly, the agent who disproportionately samples
such distinctive states then overemphasizes their probability in forming
expectations.

Consider an example from Bordalo et al. (2022) where an agent must
guess the hair color of a person coming from Ireland (X will consist of the
states “red” and “not red”, whereas the data, D, is Irish). As the agent con-
siders the likelihood that the hair color is X=red, examples of red-haired
Irish come to mind because they are more similar to red hair than other
populations (red hair is relatively more frequent in Ireland than in the rest
of the world). Consequently, even though the Irish with non-red hair out-
number the red-haired ones, the agent will oversample from memory the
red hair color and overestimate its incidence.!”

DE can be used to formalize expectation formation in dynamics set-
tings. As demonstrated by Bordalo et al. (2018), DE consists of two com-
ponents: the first is RE, while the second component over-weights news
received in the most recent periods. This overweighting of recent news

19Consider a numerical example based on Gennaioli and Shleifer (2010). Assume the
probability of X=red is 10 percent and 2 percent when D=Irish and D=Not Irish, re-
spectively. Despite the low chance of occurrence, after receiving data D=Irish, red hair
color becomes representative (and, indeed, is associated with the highest likelihood ra-
tio among hair colors). This notion of representativeness cause the agents to therefore
overestimate the incidence of red hair color.



captures the disproportionate retrieval of states that are associated with
the observed news (or incoming data). Therefore, under DE, agents over-
weight future states whose likelihood increases the most in light of current
news relative to what they know already. That is, agents overestimate the
probability of a good future state (e.g., an economic expansion) when the
current news is good (e.g., a favorable GDP growth data release). A string
of improving news leads an agent to focus on good future outcomes and
neglect bad ones, causing excessive optimism. When the good news ceases
to continue, beliefs cool down (even in the absence of bad news), trigger-
ing a reversal that is not driven by a deterioration in news (as expectations
are aligned with outcomes). Likewise, a string of bad news leads agents to
center on bad future outcomes (and neglect good ones), triggering exces-
sive pessimism. In this way, relative to RE, expectation formation under
DE is excessively volatile.

Following Bordalo et al. (2018), DE can be formalized as follows. Con-
sider a standard AR(1) process: z; = pz;_1 + g1t The diagnostic distribu-
tion is then:

f (zelze = %)
(zt41l2e = pZ4-1)

where Z; denotes the realization of z;, ¢ is a constant ensuring the dis-
tribution integrates to unity, and 6 > 0 is the “diagnosticity” parameter.'2
When 6 = 0 we have RE, whereas when 6 > 0, RE is distorted by the
likelihood ratio governed by the diagnosticity parameter. Importantly, the
distribution is conditional on two elements: First, it is conditional on the
current realization of z; (written as Z; since it enters the true distribution
of z;11). Second, it is conditional on the reference event, z; = pZ;_1, which
depends on the realization at t — 1, Z;_j. Importantly, and central to the
papet, as shown in Bordalo et al. (2018), the following tractable formula
can be obtained:

fo(ze41) = f (zealze = Z) 7

UWhere e, ~ N (0,02), p € [0,1), f (z¢412t) ot (M), where ¢(.) is the density
of a standard normal distribution. Here we also assume J=1, that is the lagged RE refer-
ence group gets revised after one period. Later, in line with Bianchi et al. (2023), we relax
this assumption.

12Following Bordalo et al. (2018), we also assume that the reference event carries no
news. That is, beliefs about z;,1 are formed conditional on the even that the random
variable z;, conditional on the past realization Z;_1 is what it was expected to be, which
is equivalent to z; = pZ;_1 (e; = E [¢¢] = 0).



E{ [ze41) = Bt [ze41] + 0 (Bi [z041] — Be_q [2641])

Again, with § = 0, RE holds. Note that, occasionally, the term on the
right, (37, = E¢ [z441] — E¢—1 [2¢11]) , will be called the surprise (the de-
viation between the RE term and the reference expectation, E;_1 [z¢11]).
Importantly, the surprise is the outcome of the time needed (initially set to
one period) for the revision of the reference expectations (which therefore
responds to shocks with a one-period lag). After a shock, diagnostic be-
liefs will overreact by a factor 6 > 0 to this surprise term, but then dissipate
once the reference expectation is revised.!> Mechanically, the transmission
of shocks under RE will be augmented by surprise terms. In turn, these
surprises will themselves interact dynamically with the rest of the model
and thereby generate additional endogenous shock propagation resulting
in greater business cycle fluctuations.

3 Model Overview

The modeling framework follows the tradition of Kiyotaki and Moore
(1997) and Bernanke et al. (1999). In particular, we build upon the New
Keynesian financial accelerator model popularized by Iacoviello (2005) in
several dimensions, most notably through the introduction of diagnostic
beliefs as a departure from rational expectations.!*

Given the model is well-known, we only provide an overview which
is complemented by further details in the appendix. The discrete time,
infinite horizon economy consists of four key types of agents: (1) pa-
tient households, (2) (impatient) entrepreneurs (with lower discount rates
relative to the households), (3) retailers, and (4) a central bank. The en-

13Consider an analogous AR(1) process w; note the following (and see appendix for
details): E [z¢4r + wits] = EY [ze4s] + Ef [wiss] for,s = 0. While EY [z;1 +w; 1] =
EY [z;11] + w;_1, note the following: EY [z;,1 +w;] # EY [z;11] + w;. The intuition is
the DE introduces behavioral inattention whereby predetermined variables are observed
with a lag (in this case, one lag). The implies that predetermined variables cannot be
treated as constants. Likewise, while EY [Z;, W, 1] = ]Ef [Z;4+1] Wi_1, again note that
Ef [Zi1Wi] # Ef [Z111] We.

“4Importantly, recall that DE nests RE, that is, under 6 = 0, RE prevails. Initially we
consider the case where | = 1 (a one-period revision lag), for ease of exposition. The
sensitivity analysis conducted below considers the implications of alternative parameter-
izations.
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trepreneurs produce a homogenous good by hiring labor and combining
it with collateralized real estate which underpins the model’s financial ac-
celerator mechanism.

3.1 Patient Households

Patient households (denoted with superscript “P”) choose consumption,
housing, (labor) hours, and lending (C”, H, LY, BY) to maximize utility:

UP_Z CP Pl HP _(Lf)ﬂ
i = 1og(Cy) + ¢y log(Hy') ”

subject to the following (nominal) budget constraint:

P.Cl 4+ Q:HF + R,_1BY | < B + W,LY + QiH! | + P.F; — BT/

where P;, Qt, Ry, Wy, F, Ttp denote the price level, the price of housing,
nominal interest rate, wages, profits (from retailers), and transfers; qbf is a
housing preference parameter. Because the labor supply condition is stan-
dard (see Appendix A), here we focus on the other two first-order condi-
tions (FOCs). Consider first the FOC with respect to consumption:

1 1 1 R, 1
1E9[ .

— = BE! | il
iy Cy Ciyq 741 T

Under DE, this consumption Euler equations differs from a more stan-
dard presentation in two related ways. First, via the DE operator, E[],
and second through the inclusion of the inflation terms, 77 = % Regard-
ing the former, under DE, the expected consumption and inflation terms
will be accompanied by surprise terms (as discussed in greater detail be-
low). As for the second difference, recall that under DE, the reference dis-
tribution depends on variables being observed with a lag (and therefore,
in this case, previously held beliefs at date t — 1 constitute a state variable).
Hence, and in contrast to RE, one cannot multiply by P; on both sides of
the equation and introduce P; within the DE operator (as emphasized by
Bianchi et al. (2023), and L'Huillier et al. (2023)).1> As will be discussed

15Note the following, where both sides are multiplied by P;_; (which can be introduced
within the DE operator):
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below, these 71; terms will influence the real interest rate and generate an
additional mechanism that further augments model dynamics.
Regarding the FOC for housing, note the incorporation of DE operator:

qr+1 ]
Cli

qt ¢’ 9
1 4 BE
cr HP TPE

where q; = % The marginal utility cost of purchasing more housing
is equated with the marginal utility of having more housing and the ex-
pected extra future utility from having purchased housing earlier (which
is valued by B/CF +1)- Note that, under DE, the expected real house price
will be accompanied with a surprise term.

3.2 Entrepreneurs

Entrepreneurs produce an intermediate good, Y}, using their stock of real
estate and labor:

1—
Y/ = A(HE ) (L)

Intermediate output is sold to retailers at price, P{*, before being avail-
able for consumption at price P;, where, X; = P%t”/ is the markup; A; de-
notes total factor productivity (TFP).

Entrepreneurs choose C E Hf , Lf, Bf to maximize utility with discount
factor, v < B:

uf = log(Cr)

Subject to the following (nominal) budget constraint:

PrYY — Wth + Bf + QtHf_l < Pth + QtH,Z5 + RtletE—l

And the collateral constraint:1®
Py 1 _ BE’ Re P Py
Pt Cf f Cf—&-l Pt-i-l Pt

16Note that the collateral constraint applies to nominal asset holdings (versus those
that are indexed).
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Again, because the labor supply condition is standard, we focus on the
two other FOCs and the collateral constraint:

S = A
n_tcf YE; +t

CE Ty 7Tt

11 1 R 1
E? [ —t
t+1

TT41
+ mAE? T
CF CE . \ X, 1HF t f[qt“ R, ’*}

1 vY,
qt _ ’Y]Ef [ ( Bl Qt+1)
t+1

i = mIE] |:qt+1Hf nlt;l ﬂt]
t

The entrepreneur’s consumption Euler equation is similar to that of
the patient households, but now includes the Lagrange multiplier (A;) as-
sociated with the borrowing constraint (which indicates how much more
could be borrowed and consumed by marginally relaxing the constraint).
The entrepreneur’s asset pricing equation for housing differs in that the
price of housing is equated with the expected (discounted) marginal prod-
uct of housing (vY;y1/ X411 HtE ) and its continuation value; the final term
denotes the amount by which more housing relaxes the collateral con-
straint.

The borrowing constraint stipulates that the entrepreneur cannot bor-
row more than the discounted expected value of future housing (where
q:+1HE serves as collateral). Importantly, notice that the fluctuations in
house prices and interest rates will affect the maximum amount the en-
trepreneur can borrow (and thereby consume). The parameter, 1, could be
interpreted as a loan-to-value (LTV) ratio. As in the Euler equations, under
DE, the borrowing constraint also includes additional inflation terms. Im-
portantly, under DE, in the Euler equations and the borrowing constraints,
the expected consumption, inflation, and the (real) house price will be ac-
companied by surprise terms, which will generate additional endogenous
shock propagation.

Financial acceleration versus deceleration

The borrowing constraint is convenient in terms of conveying the in-

13



tuition of the financial accelerator. Consider, for example, a monetary pol-
icy shock, which will be discussed further below. Along with the rise in
(real) interest rates, inflation, output, and house prices will all decline, and
together, will tighten the collateral constraint and thereby suppress en-
trepreneurial borrowing and activity. The economic slowdown will in turn
further push down house prices and reinforce the economic contraction
resulting in a vicious cycle. This is the well-known financial accelerator
mechanism. This accelerator effect, which generates greater endogenous
shock propagation, is prevalent in the case of demand shocks where out-
put and prices are positively correlated. In contrast, the dynamic differs
in the case of supply shocks where output and prices move in opposite
directions. When subjected to supply shocks, despite the tightening of the
borrowing constraint associated with lower output and house prices, the
spike in inflation will reduce the real stock of debt and help cushion the
impact of the shock on the economy. In this case the debt deflation chan-
nel, by dampening the shock, is associated financial deceleration.

3.3 Final goods and retailers

The final goods producers and retailers are included to motivate sticky
prices. Following Bianchi et al. (2023), as well as L'Huillier et al. (2023),
we assume that retailers are subject to adjustment cost as in Rotemberg
(1982).17 This results in a familiar (log-linearized) New Keynesian Phillips
curve, but with DE:

e—1)

Tty = ﬁIE? [ﬁt+1] - (—

4

where the “hats” denote deviations from the steady state, and, ¢7, is a
cost push shock. Under DE, expected inflation will be associated with a
surprise, which will endogenously increase the variability of this term.

ﬁt—i—s?

171t is well known that the log-linearized Phillips Curve are observationally equivalent
under Calvo (1983) vs Rotemberg (1982) models, see, for example, Lombardo and Vestin
(2008)

14



3.4 Central Bank

The central bank implements the following (linearized) interest rate rule
to meet its stabilization objectives:

R = prRi—1 + (1 = pRr) (wrftt + wyYy) + ek

As will be discussed below, this baseline rule will be modified to ac-
commodate additional policy considerations, such as house prices dynam-
ics.

3.5 Model Dynamics Under Diagnostic Expectations

We now investigate the implications of introducing diagnostic expecta-
tions (DE) into the modeling framework. It will be useful to discuss the
log-linearized consumption Euler equation under DE (where we consider
the more familiar variant for the patient households):

¢ [cm} —CP = E! [Ry— Arpyq — 7] — e

We consider each side of the Euler equation in turn. On the left, recall-
ing the properties of the DE operator, [E [Cf +1} can be recast as follows:
IEY [Ctpﬂ} =E; [Cfﬂ} + 6 (IE; [CtPH] E; [Ct+1D where the surprise in

expected consumption is E; [CF, ;] —E;_4 [Ct .1]- To help simplify expo-

sition, define the surprise term as follows: &€, 1 =E [CP4] — B [CL].
Note that the reference expectation, E;_; [Ct +1} takes one period to be
revised—that is, under the case where J=1 (where ] is the time lag over
which the RE revision is defined), it will respond with a one-period lag to
shocks. The difference between the rational expectation and the reference
expectation is equivalent to the surprise in expected consumption and un-
derpins the overreaction of consumption to shocks.

Turning to the right side of the equation note that, E? [#;,1], can be
reformulated as ]E9 [7tt41] = Bt [Ar1] + 0 1, where €t+1 E¢ [Atr41] —
E;_1 [ftt+1] denotes the surprise in expected inflation. At the same time,

under DE, log-linearization introduces the right-most term, 6 (E; [7;] — E;_1 [7¢]) =

8¢, which is the surprise in current inflation (scaled by factor 6) which
introduces additional dynamics to the model. Using this reformulation
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results in the following;:

Ef |CF| - CF = B [Re— ] — 087

A cP
Ei[aCh | +&

~ R
B [RR; 1] +08, " —08, 1 —0¢ "

where RARtH =R — i1

Therefore, under DE, the left-hand side of the Euler equation, entails
expected consumption growth augmented by the surprise in expected con-
sumption (étcf:l). At the same time, on the right-hand side, the ex ante
real interest rate is augmented by three surprise terms ( &%, ¢f 1, and &ff).
Therefore, although the Euler equation bears semblance to the standard
formulation under RE, the inclusion of the surprise terms will generate
additional endogenous model dynamics.

For instance, and as noted in Bianchi et al. (2023) under DE, the marginal
propensity to consume is higher relative to RE. This is because any shock
that boosts current income results in an overly optimistic view of future
output leading to overconsumption (including because of the consump-
tion surprise term). However, the initial bout of overconsumption is even-
tually followed by disappointment even in absence of bad news because
the reference expectation is revised in line with outcomes. Again, there is
an overreaction, but in the opposite direction as agents cuts consumption
(more forcefully than under the RE case).

If this boost in current income was associated with higher inflation, as
in the case of a demand shock, the real interest rate will be influenced by
the surprise terms. For instance, the surprise in expected inflation would
be an additional factor lowering the real interest rate. At the same time,
the surprise in current inflation (/') would further reduce the real rate
and functions as an additional expansionary channel. Taken together, and
abstracting from monetary policy at the moment, the consumption and
inflation surprise terms interact synergistically to generate larger swings
in consumption growth. Importantly, the incorporation of the financial
accelerator mechanism strengthens this dynamic and brings about even
larger business cycles fluctuations.

The fact that DE can strengthen the dynamics of inflation will be par-
ticularly important in the case of supply shocks. This is because DE sig-
nificantly strengthen the debt deflation channel owing to the surprises in
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expected and current inflation. In fact, in the model with the FA, the debt
deflation channel can actually dampen shocks by reducing entrepreneurs’
debt burden.

3.6 Model Parameterization

The parameterization of the model is based on Iacoviello (2005), but with
some exceptions, as shown in Table 1. Because we use Rotemberg (1982)
pricing instead of its Calvo (1983) counterpart, we need to pin down an
elasticity of substitution for intermediate goods and a price adjustment
parameter. The former is set to 11, resulting in a steady state markup of
10 percent which is in line with many studies, whereas the latter is set to
100 which is the same value used in other papers, including Bianchi et al.
(2023). The two key parameters that underpin the strength of DE are |
(which controls the time lag over which the RE revision is defined) and
the diagnosticity parameter, 8. We initially choose conservative param-
eter values. Specifically, ] = 1 and 6§ = 0.75 in line with Bordalo et al.
(2018) and L'Huillier et al. (2023). For the monetary policy rule, for our
benchmark parameterization, we set the weight on inflation, output, and
the interest rate smoothing terms to, 2, 0.12, and 0.73, respectively. The
calibration of the shocks processes is also summarized at the end of the
table. We consider an array of sensitivity tests that consider alternative
parameterization that underpin the strength of DE, the source of exoge-
nous variation, and, for instance, monetary policy rules.
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Table 1: Model parameters

Description Parameter Value
Discount factors
Patient household B 0.99
Entrepreneurs 0% 0.98
Weight on housing (services) ¢ 0.03
Labor supply aversion n 1.01
Housing share v 0.1
Elasticity of substitution € 20
Price adjustment cost P 140
Loan-to-value ratio m 0.89
Diagnosticity parameter 0 0.75
Monetary policy rule
Weight on inflation Wi 1.5
Weight on output gap wy 0.12
Interest rate smoothing PR 0.73
Shocks
Monetary policy
Standard deviation OR 0.25
Persistence PR 0.25
Cost push
Standard deviation Op 0.25
Persistence Op 0.9
Total factor productivity
Standard deviation oA 0.25
Persistence LA 0.9
Housing preference

Standard deviation OH 0.25
Persistence PH 0.9

4 Main Results

This section presents four key results. First, the New Keynesian model
we developed which combines diagnostic expectations (DE) with the fi-
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nancial accelerator (FA) generates mutually reinforcing shock amplifica-
tion. In particular, the model brings about in significant demand shock
magnification. However, supply shocks can be dampened via a debt de-
flation channel which is strengthened amid DE. Second, and importantly,
the model results in a worsening of the inflation-output volatility trade-
off confronting policymakers. Third, and in contrast to broadly accepted
conventional wisdom—which argues against targeting the level of asset
prices—our simulations suggest that targeting house price growth may re-
sult in notable welfare gains. Fourth, and finally, this finding appears ro-
bust to alternative parameter calibrations and sensitivity exercises.

4.1 Model Dynamics: The Financial Accelerator and Diag-
nostic Expectations

To understand the dynamic properties of the model, we focus on the mon-
etary policy shock, but also consider the implications of the cost-push
shock.!® We start off with the presumption that rational expectations (RE)
hold and compare a baseline model without the financial accelerator (FA)
with a model with the FA. This comparison replicates the findings in ear-
lier studies and showcases the role of the FA. We then contrast the baseline
model with a version with diagnostic expectations (DE). The differences
between these two models illustrates the role of DE. Lastly, we compare
the baseline model with a version under DE and FA. This comparison
highlights the dynamics associated with the combination of financial fric-

tions together with a departure from rational expectations.'?

Monetary Policy Shocks

Figure 1 depicts the reaction of key macroeconomic variables to a con-
tractionary monetary policy shock. Assuming rational expectations, RE,
we contrast models with and without the FA. Given sticky prices, the
higher nominal interest rate raises the real interest rate and discourages
current consumption and suppresses output (the interest rate channel).

18 Appendix B discussed TFP and housing preferences shocks.

9In summary, at this stage, we are contrasting four models: (i) baseline: RE without
the FA (RE NFA), (ii) the FA model under RE (RE FA), (iii) the DE model without the FA
(DE NFA), and (iv) the FA under DE (DE FA).
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In the FA model, the contraction in economic activity is reinforced by
a decline in house prices (the asset price channel). At the same time,
lower inflation raises the real cost of debt service, further depressing en-
trepreneurial consumption (the debt deflation channel). Importantly, in
the FA model, all three channels work in the same direction and tighten
the entrepreneurial collateral constraint. In turn, the tighter constraint fur-
ther reduces output, inflation, and house prices, thereby setting in motion
an adverse feedback loop (the financial accelerator, FA, mechanism).

Impulse responses : 1% monetary policy shock

Output Nominal rate
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0.4 0.1
0.6 0.05
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Financial Accelerator
N Financial Acceleratar

Figure 1: Impulse Responses of a Monetary Policy Shock under Rational
Expectations: Financial Accelerator vs. No Financial Accelerator

Quantitatively, the one percent (annualized) monetary policy shock
brings about a —0.7 percent decline in output upon impact in the base-
line model. The output response in the model with the FA is —0.8 percent.
Although the cumulative output responses show starker differences (—2
percent decline in output under the baseline versus —3.5 after 30 quarters),
the inclusion of the FA does not amplify the shock materially. This result
echoes the insight of Christiano et al. (2018) who note that the addition
of financial frictions alone has only modest quantitative effects on model
dynamics.?’ In fact, Kocherlakota (2000) argues that models with credit
constraints of the type in Kiyotaki and Moore (1997) have only negligible

20Similar points have been made by Brzoza-Brzezina and Kolasa (2013), as well as
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effects on dynamic responses to shocks. This critique is a reason moti-
vating the inclusion of diagnostic expectations (DE) as a way to generate
greater shock amplification.

Figure 2 also considers a monetary tightening, but contrasts the base-
line RE model with a version with DE. Recall that in this comparison, the
FA mechanism is not operational. The additional amplification resulting
from the introduction of DE is clear. While output declines by about —0.7
percent in the baseline model, under DE, the ensuing recession is deeper
with output declining almost twice as much (—1.2 percent).

Impulse responses : 1% monetary policy shock

Output Nominal rate
0.2
-04 015
-0.6 0.1
08 0.05
-1
5 10 15 20 25 30 5 10 15 20 25 30
Housing price Cumulative output
0.2 1
-0.4
0.6 1.5
0.8
1 -2
5 10 15 20 25 30 5 10 15 20 25 30
0 Inflation Real rate
0.25
0.2
0.1
0 0.15
0.1
02 0.05
5 10 15 20 25 30 5 10 15 20 25 30

RE without Financial Accelerator
DF withaut Financial Arcelaratar

Figure 2: Impulse Responses of a Monetary Policy Shock: Rational Expec-
tations without Financial Accelerator vs. Diagnostic Expectations without
Financial Accelerator

In the DE model, there are several mechanisms at play that generate
shock amplification. First, the rise in real interest rates discourages cur-
rent consumption to a greater extent as agents overreact to the incoming
news. In line with the intuition associated with DE, the negative surprise
makes agents overly pessimistic about their future economic prospects.

Linde et al. (2016). Reasons for this result have been well documented, and include,
for example, the use of linearized models and collateral constraints that are always bind-
ing. The literature has considered models that relax these assumptions, and have also
resorted to models with a greater array of real and nominal frictions to better match em-
pirical business cycle fluctuations.
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At the same time, the overreaction associated with inflation (expected and
current inflation surprises) brings about a deflation that results in an un-
favorable wealth effect that further discourages consumption).?! In sum-
mary, under DE, the effective marginal propensity to consume is larger
relative to the RE case.

Figure 3 contrasts the baseline RE model with a version that combines
the FA and DE. It should not be surprising that the combination of the FA
mechanism under DE yields even greater shock amplification. As shown
in the figure, in response to the monetary tightening, the FA model with
DE generates a significant economic contraction of —1.3 percent upon im-
pact (versus —0.7 under the baseline model RE model without the FA).
The differences in cumulative output are also appreciable. There are two
related mechanisms at work: First, DE strengthens the asset price chan-
nel. Second, the shock amplification properties of the FA bring about
larger surprises which then lead to even greater overreaction. In turn, this
overreaction yields an even a sharper decline in house prices for exam-
ple, which then further compounds the FA dynamic. Taken together, the
DE and FA generate mutually reinforcing feedback dynamic that results
in monetary policy shock amplification and heightened macroeconomic
volatility.

2lIn the current case with J=1, the bout of pessimism lasts for one period after which
expectations are revised, resulting in a faster economic rebound.
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Impulse responses : 1% monetary policy shock
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Figure 3: Impulse Responses of a Monetary Policy Shock: Rational Ex-
pectations without Financial Accelerator vs. Diagnostic Expectations with
Financial Accelerator

Impulse Responses of a Cost-Push Shock

Figure 4 displays a cost-push shock—a canonical supply shock. Un-
der the baseline RE model, amid rising prices, the monetary policy stance
becomes increasingly restrictive. The ensuing rise in the real interest rate
facilitates a decline in inflation by suppressing aggregate demand. The
sharp rise in inflation transfers wealth—via the debt deflation channel—
from lenders (patient households) to borrowers (entrepreneurs), who, all
things equal, have a higher propensity to consume. This wealth effect is
more pronounced amid financial frictions because higher inflation loosens
the collateral constraint allowing the entrepreneurs greater flexibility to
absorb the shock. More generally, whereas the model with the FA am-
plifies the effects of demand shocks (where inflation and output move in
the same direction), it dampens the impact of supply shocks (where out-
put and inflation move in opposite directions). That is, the financial fric-
tions feature an accelerator of demand shocks and a decelerator of supply
shocks as noted in lacoviello (2005).

Under DE, the cost-push shock has a larger impact on output and infla-
tion, and result in a more severe stagflationary scenario—note the sharper
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Figure 4: Cost-Push Shock

rise in inflation combined with a deeper recession. As in the RE case,
with DE, the differences between the models with and without the FA
are hard to discern, again owing to the debt deflation channel. The ini-
tial spike in prices is associated with an overreaction in expected inflation
and augmented by the surprise in current inflation which result in an even
stronger debt deflation channel helping to further dampen the impact of
the shock. The strength of the debt deflation channel amid DE is going
to be a recurrent theme in this paper. In the case of cost-push shocks, al-
though the model with DE results in greater overall shock amplification
relative to the RE model, the effects of the FA can be harder to discern un-
der our baseline calibration.

Diagnostic Expectations and the Financial Accelerator: Mutually Re-
inforcing Dynamics

To further understand the implications of diagnostic expectations (DE),
including when combined with the financial accelerator (FA), we conduct
an array of sensitivity tests. Note that our baseline calibration of the pa-
rameters that underpin DE was on the lower end of estimates used in other
studies (0 = 0.75,] = 1). Recall that 6 is the factor that determines the de-
gree of overreaction to surprises (that is, the extent to which DE deviate
from RE). The parameter | pins down the time lag over which RE revi-
sions occur, whereby values greater than unity denote more distant mem-
ory recall. We now consider alternative calibrations and investigate the
implications on the response of output to monetary and cost push shocks.
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Figure 5 summarizes multiple sensitivity tests.”?> In addition to the
baseline calibration, it plots the troughs of the economic contractions asso-
ciated with monetary policy and cost-push shocks across the four models
(RE, DE, with and without the FA) under the following alternative param-
eterizations: | € {1,4} and 6 € {1,2}. As would be expected, more distant
memory and 6 > 1, result in more severe recessions.

Importantly, there is mutually reinforcing shock amplification. The in-
clusion of the FA results in greater monetary policy shock amplification as
it synergistically interacts with DE, including by magnifying the strength
of the asset price channel. Consider the case of | = 4 and 6 = 2, which is
line with the empirical estimates provides by Bianchi et al. (2023).> The
sum of the individual contributions from the FA and DE effects worsens
the recession by an additional —1.9 percentage points relative to the base-
line model. In contrast, the combined effects of the model with the FA
and DE decreases output by an additional —2.5 percentage points. That is,
the whole (the combination of DE and FA) is greater than the sum of its
parts.?* More distant memory and higher values of theta can have a dis-
proportionate impact on output in the case of cost push shocks. The mu-
tually reinforcing shock amplification in the case of these supply shocks is
not as strong as in the case of demand shocks.

4.2 How do Diagnostic expectations affect the output and
inflation trade-off?

The previous section illustrated how diagnostic expectations (DE) amplify
the impact of shocks on output and inflation. Shocks that result in a nega-
tive correlation between output and inflation force the central bank to con-
front a trade-off between output and inflation volatility. Assessing how
DE affects this trade-off is therefore a natural question to ask. To address
this question, we compute inflation-output volatility frontiers for alterna-
tive parameterizations of a central bank loss function which, initially, only

22The individual impulse response functions are available upon request.

23Bianchi et al. (2023) find 8 ~ 2 and have advocated for more distant memory (] > 1).

24 As shown in the figure, FA results in an output decline of —0.8 percent versus —0.7
percent under the baseline model, a difference of 0.1 percentage points. DE (with § = 2,
J = 4) results in a decline of —2.5, or a different of 1.8 percentage points. The sumis —1.9.
However, the model with DE and FA results in an output decline of —3.1 percent. The
difference versus the baseline model is —2.5 percentage points.

25



Monetary policy Cost push
RE DE RE DE

(=1, (=1,
8=0.75) ()=1,0=1) (J=1,0=2) ()=4,0=1) ()=4,0=2) 0=0.75) ()=1,0=1) (J=1, 8=2) (=4, 6=1) (=4, 6=2)

NFA FA NFA FA NFA FA NFA FA NFA FA NFA FA NFA FA NFA FA NFA FA NFA FA NFA FA NFA FA

0Illlll‘ | II|||‘

o

N
o

<)

4.0
5.0
-6.0
7.0

-8.0

Figure 5: Summary results for various models and parameters

assumes that output and inflation volatility are the only two monetary
policy objectives. These policy frontiers are computed for each of the four
models.??
The policy frontier is constructed by positing a quadratic loss function,
for example:
L = AVar(#;) + (1 — A)Var(Yy)

where A is a preference parameter. Given a value for this parameter, the
solution corresponds to an optimal control problem in which the interest
rate path is chosen to place the economy at the point on the variability
frontier that minimizes the loss. Formally, we compute the policy reaction
function that minimizes the loss, subject to the constraint that is imposed
by the structure of the economy. The location of the efficiency frontier
depends on the variability of aggregate supply shocks: the smaller such
variability, the closer the frontier will be to the origin; while the slope of
the frontier is determined by the structure of the economy.

Figure 6 plots two policy frontiers: the first is derived from the baseline

25Recall that these models were the: (i) baseline model under RE without the FA (RE
NFA), (ii) the FA model under RE (RE FA), (iii) the DE model without the FA (DE NFA),
and (iv) the FA under DE (DE FA).
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Figure 6: Policy Frontiers

model (RE, no FA), whereas the second is based on the DE model with FA.
The vertical and horizontal axes correspond to output and inflation volatil-
ity, respectively. Both frontiers clearly illustrate the non-linear inverse re-
lationship between output and inflation volatility. Importantly, the DE FA
model presents a worse policy trade-off since the frontier is further away
from the origin. For instance, at any given level of inflation volatility, the
DE model with the FA is characterized with higher output volatility rela-
tive to the baseline model. At the same time, the DE FA frontier is steeper.
This implies that the additional reduction in inflation volatility is accom-
panied by an increasingly greater rise in output volatility under the DE FA
models. Hence, a worsening trade-off for policymakers.

Figure 7 displays four additional policy frontiers to reinforce model
intuition. The top left and top right panels contrast the implications of DE
on the models with and without the FA, respectively. The main takeaway
is that, as noted previously, the presence of DE worsens the policy trade-
off.26 The lower two panels compare the role of the FA in models with the

26While not shown, note that a comparison of the frontiers contrasting the RE FA model
with the DE without the FA also illustrates a deterioration in the policy trade-off owing
to the introduction of DE.
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Figure 7: Frontiers and Debt Deflation Channel

same expectations assumption. Consider the bottom right panel which
compares the model with and without the FA under DE. Note that the
frontiers cross, and after a certain level of inflation volatility the FA model
is associated with lower output volatility. We associate this result with the
debt deflation channel, which strengthens as inflation variability increases,
and thus, more effectively dampens supply shocks. Moreover, note that
the frontiers intersect at a lower level of inflation volatility in the case of
DE (relative to the RE models), which is intuitive because DE enhances the
debt deflation channel.

4.3 Simple monetary policy rules

We now address the question of which policy rule the central bank should
commit to in order to best achieve its stabilization objectives. Much of
the literature has addressed this question by considering simple interest
rate rules and parameterizing them to maximize the policymaker’s objec-
tive function. Such function could be ad hoc (Billi, 2013) or micro founded
(Woodford, 2003). In a model with two agents, it is not straightforward
to derive a tractable loss function amenable to the policy experiments we
consider. Nevertheless, following the lines of the lines of Adam and Wood-
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ford (2021), we assume the following objective function:

[e¢]
W =g ), B {#F + A V2 + A, }
t=0

where Ay is the relative weight on output gap and Ay, is relative wight
on housing prices inflation.?”” We also consider the following generalized
interest rate rule:

Ry = prRi—1 + (1 = pR) (wrfts + wy Y, + wqd, + waQAQ;) + ek

Notice that this rule allows the central banker to target the level, §;, and
growth rate of house prices, AAQt, in addition to the standard inflation and
output gaps.

We will again analyze four models: the RE and DE models, with and
without FA. We will consider five policy rules. First, and serving as the
benchmark rule, we explore the implications of flexible inflation targeting
(FIT), where the central bank targets inflation and output (w; > 0, wy >
0,w; = wpag = 0). Second, we consider strict inflation targeting (SIT)
where the central bank only focuses on inflation stabilization (w; > 0, wy =
wy; = wpg = 0). Third, and motivated by the analysis of optimal mone-
tary policy, the merits of price-level targeting (PLT) is investigated (in this
case, the central banks targets Dy instead of 7t;). Then, in the models with
the FA, we also explore the benefits of targeting either the level of house
prices (rule four) or house price growth (rule five)—that is, either w; > 0
or wag = 0 (in addition to w; = 0, wy = 0).

Table 2 summarizes the analysis on optimal simple interest rate rules.
For each rule, it tabulates the welfare cost (which measures the percent of
forgone steady state consumption), the coefficient values linked to each
policy objective (for example, wy), and the standard deviations (o, in per-
cent) of inflation, output, as well as the level and growth rate of house
prices.?

*where Ay > Aj, and the welfare function is derived as a second order approximation
of patient households’ utility function. In Appendix C, we consider the case where Aj, >
Ay for robustness check.

ZNotice that ease of exposition, wy and wy, are used for the inflation or price targeting
rules and the rules that target the level or growth rate of house prices, respectively.
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Rational expectations (RE) Diagnostic expectations (DE)

No Fi ial Accelerator Fil ial Accelerator (FA) No Fi ial Accelerator Fil ial Accelerator (FA)

[1] [2] [31] [4] [5] [6] [71] [8] [e] [10] [11] [12] [13] [14] [158] [16]

FIT SIT PLT FIT SIT PLT q AQ FIT SIT PLT FIT SIT PLT q AQ

Welfare 5.35 5.35 5.52 6.65 6.73 6.76 6.65 6.40 7.72 11.07 7.03 7.67 13.94 7.24 7.67 4.41
Wy 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00
wy 0.00 - 0.01 0.1 - 0.13 0.1 0.00 0.52 - 0.61 0.66 - 0.71 0.66 0.00
wq - - - - - - 0.00 0.64 - - - - - - 0.00 218
o, 0.12 0.12 0.13 0.13 0.12 0.14 0.13 0.15 0.15 0.14 0.16 0.16 0.15 0.17 0.16 0.14
oy 3.30 3.30 3.26 3.75 3.91 3.68 3.75 3.54 3.71 4.61 3.36 3.51 5.19 3.29 3.51 2.66
oq 3.44 344 3.39 3.67 3.82 3.60 3.67 3.47 3.70 4.65 3.36 3.56 5.16 3.36 3.56 2.77
Osq 1.87 1.87 1.81 1.96 2.07 1.87 1.96 1.68 3.01 4.31 2.67 2.84 4.81 2.62 2.84 1.53

Table 2: Optimal Simple Rules. Note: Welfare in percent of forgone steady
state consumption, standard deviations in percent.

To anchor the discussion, we start with the baseline model (RE without
the FA). The results indicate that the optimal simple rule is FIT, which, in
this case, coincides with SIT (Table 2, columns [1]-[2]). Notwithstanding
the greater output stabilization conferred by PLT (note that ¢y # 0), the
slightly higher inflation volatility increases welfare losses relative to FIT.

The introduction of the FA (Table 2, columns [4]-[8]) results in higher
welfare losses across the board relative to the baseline model. There are
several noteworthy observations: First, by taking output into account, FIT
performs better relative to SIT and PLT. Importantly, note that under col-
umn [7], the weight on the level of the house price is zero (¢; = 0). That
is the rules under columns [4] and [7] are equivalent. As in many stud-
ies, including, for instance, Iacoviello (2005), there seems to be no merit
in targeting the level of asset prices. This result is in line with most stud-
ies investigating the role of asset prices within a monetary policy frame-
work. Indeed, this finding corroborates studies that can be traced back
to Bernanke and Gertler (1999), among others, who underscore that once
movements in inflation are taken into account (possibly along with out-
put fluctuations), there is no need for monetary policy to respond to asset
prices.

By contrast, the rule that targets the growth rate of house prices yields
the lowest welfare losses (Table 2, column [8]). Targeting house price
growth—by taming the asset price channel—results in a sizable reduction
in output volatility with only a slight increase inflation volatility. This find-
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ing echoes the results of Gilchrist and Saito (2008) who consider the value
of targeting equity price growth under imperfect information. A key ad-
vantage of targeting asset price growth is that the policy maker does not
need to infer the underlying value of the asset—a fundamental critique of
targeting the level of asset prices. In this context, targeting the growth of
the asset prices thereby renders such a policy more robust (including to
information asymmetries) because it does not involve a judgment call on
the degree of asset price misalignment.

With the introduction of DE, and initially abstracting from the FA, the
welfare losses associated with the policy rules increase relative to the RE
models. In the DE model without FA, PLT yields the most favorable wel-
fare outcome (Table 2, columns [9]-[11]. The stabilization benefits con-
terred by this path dependent monetary strategy is associated with a stronger
debt deflation channel which, combined with a greater sensitivity to out-
put gap movements, results in lower business cycle fluctuations relative
to the other rules, at the cost of a modest rise in inflation volatility.

We now compare the optimal simple rules in the DE model with the
FA (Table 2, columns [12]-[16]). A couple of observations are worth not-
ing. First, even in this model, in line with most of the existing research,
there does not appear to be any value in targeting the level of house prices.
Notice the overlap between the model under column [15] with FIT (under
column [12]) and the unfavorable welfare scores. Second, PLT is superior
to FIT and SIT. Third, and of most interest, the policy rule targeting the
growth rate of house prices performs the best based on its welfare score
(column [16]). By most aggressively responding to fluctuations in house
price growth (paro = 2.18), this rule seems to strike the right balance by
sufficiently suppressing the asset price channel (which dampens the im-
pact of demand shocks) and, by accommodating some inflation volatility,
harnesses the stabilization benefits of a stronger debt deflation channel
(which is strengthened under DE and helps attenuate the effects of supply
shocks). In summary, within this modeling framework, although we find
that there is no case for targeting the level of house prices, there seems
to be merit in considering the growth of asset prices when formulating a
monetary policy strategy.29

2For further intuition, see Appendix C.
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4.4 Sensitivity Exercises

To assess the robustness of this result, we consider several sensitivity tests
which are summarized in Appendices D and E. The main takeaways are
as follows: First, the benefits of targeting house price growth are even
more pronounced when the amplification associated with DE are enhanced,
including under more distant memory (J=4, and when theta =2). Second,
to dampen the debt deflation channel, we introduce indexed debt and re-
compute the optimal simple rules for these four new models.>* While in-
dexed debt can negate the wealth effects and impact on the collateral con-
straint associated with inflation, it does not remove the current inflation
surprises associated with DE, and so has a more limited effect, and does
not alter the conclusions noted above. Third, we consider different shock
combinations. For instance, we re-run the simulations such that they only
include supply shocks, or consider only the cost-push shock. Again, the
main findings hold. Fourth, and finally, we consider a lower loan-to-value
ratio of 50 percent (on its own and along with the other sensitivity tests
considered; see bottom row of Table 3). Overall, targeting house price
growth results in the best welfare outcomes in this case as well.

5 Conclusion

We contribute to the literature on the macroeconomic implications of fi-
nancial frictions by introducing Diagnostic Expectations into a well-known
New Keynesian financial accelerator model. Diagnostic Expectations for-
mation is a departure from the Rational Expectation (RE) hypothesis which
allows for an overreaction of beliefs. Our financial accelerator (FA) model
with DE generates mutually reinforcing shock amplification, especially in
the case of demand shocks. However, supply shocks can be attenuated
owing to a debt deflation channel which is strengthened under DE. Impor-
tantly, the model results in a worsening of the inflation-output volatility
trade-off confronting policymakers. The analysis also indicates that tar-
geting house price growth results in a lower welfare costs and is associated
with desirable economic stabilization properties. Overall, our modeling
framework suggests that although there is no case for targeting the level

30Note that in this way, this paper contrasts the results of eight models: with and with-
out the FA, with DE or RE, and the corresponding versions with indexed debt.

32



of house prices, there seems to be merit in considering the growth of asset
prices when formulating a monetary policy strategy.

Our findings point to two avenues for future research. First, it would
be interesting to see whether the case for leaning against the wind by tar-
geting house price growth holds when macroprudential tools exist and
can be effectively implemented by a relevant authority. Second, an em-
pirical evaluation of a model which brings together DE, financial frictions,
and other empirically-relevant rigidities is a natural next step.
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A Model Equations

The full set of equilibrium conditions for the financial accelerator model
with Diagnostic expectations is tabulated below.
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Note that in the linearized model, 6 = 0 results in the Rational Ex-

pectations model. As in Iacoviello (2005), setting bf = %E, shuts off the
asset price channel (and therefore the financial accelerator mechanism).
Lastly, the model with indexed debt implies that that 77,y terms in the
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consumption Euler equations drop out, for example, equation (A2) be-

11 0| R 1
comes: ———5 = BIE P =
Tt Cy p b Ch,

models that are nested in the system of equations presented above (DE or
RE, with and without FA, nominal or indexed debt).

. Taken together, the analysis considers eight
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Figure 8: Housing Preference Shock

B TFP and Preference shocks

Figure 8 shows the impact of a housing preference shock, where patient
households desire less housing.>! Here the focus is on the FA model, in-
cluding to draw attention to the asset price channel. The immediate im-
pact is a sharp house price decline. Although, by decreasing an input cost,
this would make housing more desirable for the entrepreneurs, the de-
crease also tightens the collateral constraint. This latter dynamic initially
dominates, and depressed entrepreneurial activity acts like a drag on the
economy. As house price recover from the temporary shock, the constraint
loosens, and entrepreneurial activity recovers. As expected, the shock is
more prevalent amid the FA models. Note, that since output and infla-
tion move in opposite directions, as in the case of a supply shock, the debt
deflation channel helps dampen the impact of the shock, especially under
DE.

3INote that the shock is simulated by decreasing ¢} which alters the marginal rate of
substitution between housing and consumption.
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Figure 9 illustrates the dynamics associated with a temporary decline
in TFP. Because this is also an adverse supply shock, the broad contours of
the impulse response functions in the FA model are similar to those associ-
ated with a cost-push shock. In this case, the decline in productivity leads
to a decrease in housing, including as patient households demand less of
it as their consumption decreases. Although the decline in house prices
makes an input cheaper for the entrepreneurs, it results in a tighter collat-
eral constraint (albeit somewhat offset owing to the increase in inflation).
Overall, the main takeaway here is that DE results in larger macroeco-
nomic responses.

C OSR Impulse response analysis

To enhance the intuition of the optimal simple rules discussed in Section
4.3, we now investigate the dynamic response of key macroeconomic vari-
able to the two main shocks considered earlier: the monetary policy and
cost-push shocks. In an attempt to further strike the right balance between
brevity and insight, we display four macroeconomic aggregates (output,
the inflation rate, the policy rate, and the level of real house prices) across
three models only: (1) the baseline RE model without the FA, (2) the RE
model with the FA, and (3) the DE model with the FA. We also consider a
selected set of optimized simple rules. Specifically, in the baseline model,
we plot FIT and PLT (including because SIT overlaps with FIT or because
it is inferior in welfare terms relative to the other two rules). In the models
with the FA, we consider the rule that also target the growth rate of house
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prices. Recall that the optimization analysis indicated that the rule that
allowed for the inclusion of the level of house prices overlapped with FIT
(that is, ¢, = 0).

Consider first the monetary policy shock shown in Figure 10. Under
the baseline model (Figure 12, top row), we see that FIT is associated with
lower output and inflation fluctuations relative to PLT which underpins its
lower welfare cost. The main policy result of the paper is highlighted with
the inclusion of the FA (Figure 12, middle row). Notice the less aggressive
policy tightening associated with the rule that targets house price growth.
This milder policy response generates a less severe decline in house prices,
and therefore attenuates the asset price channel, which, in turn, helps sta-
bilize output and results in a less severe recession relative to FIT and PLT
cases. A similar narrative holds in the context of the DE model with the FA,
but with even starker differences (Figure 12, bottom row). In particular, in
this case, targeting house price growth in the context of the monetary pol-
icy shock results in an endogenous response whereby the nominal interest
rate initially declines. Naturally, this outcome underpins the less violent
business cycle gyrations.
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Figure 11 shows the implications of the cost-push shock. Under the
baseline model (Figure 13, top row), PLT is associated with higher inflation
volatility, owing to the historically-dependent nature of the policy regime,
and therefore, is characterized by having higher welfare costs relative to
FIT. Several key insights of the paper are revealed with the introduction of
the FA. Notice that upon impact, the rule that targets house price growth
prescribes a monetary loosening (Figure 12, middle row). This resembles
the optimal policy response discussed earlier (recall Figure 11). Again,
by tempering the asset price channel, this rule confers notable stabiliza-
tion benefits and brings about a less severe initial economic contraction.
Through the debt deflation channel, the slightly higher increase in the in-
flation rate also helps soften the impact of the shock. Under DE (Figure 12,
bottom row), notice the monetary loosening across all optimized policy
rules. However, the initial cut in the policy rate is much more pronounced
in the rule that target house price growth. The shallower decline in house
prices again mitigates the asset price channel, and yields a shallower re-
cession. In summary, the rules that target the growth rate of house prices
attenuate the asset price channel, and even without taking output directly
into consideration, help reduce the amplitude of business cycle fluctua-
tions.
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D OSR sensitivity analysis

Table 3: Sensitivity Exercises

Indexed Debt Indexed Debt 0="%4J=1 0=2,J=1 8=2J=4 Only supply shocks Only cost-push shock Larger monetary policy shock
RE DE RE DE DE DE DE DE DE DE

FIT q 4Q FIT q 4Q FIT q 4Q FIT q AQ FIT q 4Q FIT q 4Q FIT q AQ FIT q 4Q FIT q AQ FIT q 2Q

Welfare 0.24 0.24 0.24 0.35 0.35 0.33 0.24 0.24 0.24 0.35 0.35 0.33 0.25 0.25 0.25 0.28 0.28 0.27 0.46 0.46 0.40 0.12 0.12 0.05 0.12 0.12 0.05 1.65 1.65 1.65
(2 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50
wy 0.24 0.24 0.24 0.49 0.49 0.41 0.24 0.24 0.24 0.49 0.49 0.41 0.31 0.31 0.30 0.57 0.57 0.43 0.60 0.60 0.53 0.16 0.16 0.00 0.16 0.16 0.00 12.75 12.75 12.75
wq - 0.00 0.00 - 0.00 113 - 0.00 0.00 - 0.00 1.1 - 0.00 0.20 - 0.00 0.93 - 0.00 1.48 - 0.00 1.62 - 0.00 1.62 - 0.00 0.00
o 0.45 0.45 0.45 0.53 0.53 0.54 0.45 0.45 0.45 0.53 0.53 0.54 0.46 0.46 0.46 0.48 0.48 0.48 0.60 0.60 0.60 0.18 0.18 0.13 0.18 0.18 0.13 1.28 1.28 1.28
oy 3.12 3.12 3.12 3.85 3.85 3.13 3.1 3.1 3.1 3.86 3.86 3.15 3.18 3.18 3.10 3.18 3.18 2.89 4.57 4.57 3.17 4.40 4.40 3.04 4.40 4.40 3.04 1.56 1.56 1.56
0o 3.04 3.04 3.04 3.84 3.84 3.19 3.04 3.04 3.04 3.86 3.86 3.17 3.12 3.12 3.05 3.14 3.14 287 4.69 4.69 3.43 4.39 4.39 3.14 4.39 4.39 3.14 1.57 1.57 1.57
O 1.60 1.60 1.60 3.52 3.52 2.52 1.60 1.60 1.60 3.53 3.53 2.50 2.18 2.18 2.05 3.07 3.07 243 4.95 4.95 3.07 4.02 4.02 2.19 4.01 4.01 219 1.31 1.31 1.31

m=0.5 m=0.5 m=0.5 m=0.5 m=0.5 m=0.5 m=0.5 m=0.5 m=0.5 m=0.5

FIT q AQ FIT q AQ FIT q 4Q FIT q AQ FIT q 4Q FIT q 4Q FIT q AQ FIT q 4Q FIT q AQ FIT g 4Q

Welfare 0.24 0.24 0.24 0.39 0.39 0.37 0.24 0.24 0.24 0.39 0.39 0.37 0.25 0.25 0.25 0.29 0.29 0.29 0.58 0.58 0.48 0.11 0.11 0.06 0.1 0.1 0.06 290 2.90 2.90
w, 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50
wy 0.12 0.12 0.12 0.35 0.35 0.29 0.13 0.13 0.13 0.36 0.36 0.29 0.20 0.20 0.20 0.44 0.44 0.35 0.43 0.43 0.34 0.12 0.11 0.00 0.12 0.11 0.00 11.82 11.82 11.82
wq - 0.00 0.00 - 0.00 1.03 - 0.00 0.00 - 0.00 1.01 - 0.00 0.00 - 0.00 0.71 - 0.00 1.84 - 0.00 1.54 - 0.00 154 - 0.00 0.00
o, 0.46 0.46 0.46 0.56 0.56 0.57 0.46 0.46 0.46 0.56 0.56 0.57 0.47 0.47 0.47 0.49 0.49 0.50 0.65 0.65 0.65 0.15 0.15 0.13 0.15 0.15 0.13 1.70 1.70 1.70
oy 2.84 2.84 2.84 4.14 4.14 3.45 2.84 2.84 2.84 4.13 4.13 3.46 3.00 3.00 3.00 3.27 3.27 2.98 5.72 5.72 3.64 4.45 4.46 3.20 4.45 4.46 3.20 1.68 1.68 1.68
Og 281 281 281 4.15 4.15 3.50 2.80 2.80 2.80 4.15 4.15 3.50 297 297 297 3.26 3.26 2.98 5.87 5.87 3.91 4.46 4.47 3.28 4.48 4.47 3.28 1.68 1.68 1.68
/% 1.55 1.55 1.55 3.85 3.85 2.82 1.55 1.55 1.55 3.84 3.84 2.82 2.16 2.16 2.16 3.26 3.26 2.68 6.27 6.27 3.34 4.13 4.14 2.33 4.13 4.14 233 1.41 1.41 141

Source: Authors' calculations.
Note: Welfare in percent of forgone steady state consumption, standard deviations in percent.

OSR: Robustness checks
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Table 4: Optimal Simple Rules (Alternative welfare weights)

Rational expectations (RE) Diagnostic expectations (DE)
No Financial Accelerator Financial Accelerator (FA) No Financial Accelerator Financial Accelerator (FA)
(11 f[21] [31] [41 [S] [61 [7] [8] [e1 [10] [11] [121  [13] [14] [15] [16]
FIT SIT PLT FIT SIT PLT q AQ FIT SIT PLT FIT SIT PLT q AQ
Welfare  4.39 4.38 4.55 5.26 5.27 5.39 5.26 5.08 7.23 13.88  6.82 7.24 11.07 6.58 7.22 411
We 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00
wy 0.01 - 0.01 0.04 - 0.06 0.04 0.01 0.67 - 0.72 0.55 - 0.63 0.01 0.01
waq - - - - - - 0.00 0.46 - - - - - - 0.55 2.00

Source: Authors' calculations.
Note: Welfare in percent of forgone steady state consumption, standard deviations in percent.

OSR: Robustness checks



PUBLICATIONS

The Diagnostic Financial Accelerator
Working Paper No. WP/2024/132





