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Abstract

This paper incorporates the term structure and the Fed’s new average inflation target-
ing (AIT) framework into the DSGE model of Sims and Wu (2022). When agents know
the Fed’s policy rule, AIT better stabilizes inflation than standard inflation targeting.
Inflation is most stable when the average window is 8 quarters. The Fed has not re-
vealed their lag structure of AIT, and this imperfect information affects the model’s
results. If agents don’t know the details of the policy, inflation is most stable when
the Fed averages over longer periods. Outcomes are consistently better when the Fed
is clear about policy.
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“Average inflation targeting, in essence, is trying to get back close to where we were

without the ELB”
- Richard Clarida, April 14, 2021 []

From 2008-2019, the Federal Reserve’s preferred inflation metric, core PCE, averaged
just 1.6%, despite the Fed having a stated inflation target of 2%. Because of this persistent
undershooting of their target, many at the Fed began to worry that inflation expectations
had become “anchored” below 2%, making achieving the inflation target much more difficult.
Further, because of these low inflation rates and the estimated decline in the natural real
interest rateEL the fed funds rate spent much of this period constrained by the zero-lower
bound.

Because of worries about anchored inflation expectations and a frequently binding zero-
lower bound, the Fed began a review of its policy framework. Ultimately, in September
2020, the Fed committed to target “flexible average inflation” going forward, though they
did not commit to any rules or specific averaging window. Put simply, the Fed committed to
meet past undershooting of the inflation target with future overshooting, so inflation would
average 2% over time. This, the Fed said, would allow inflation expectations to reset closer
to the Fed’s 2% target, making the inflation target easier to hit.

However, since 2020, inflation has increased to the highest levels seen in 40 years. As
inflation increased, many deemed it “transitory,” just a short-term result of the reopening
from the Covid-19 pandemic. As months passed and supply chain issues solved themselves,
inflation remained persistently high. Fed Chair Jerome Powell was asked about the new
monetary policy framework’s role in this persistent inflation following the March 16 FOMC
meeting, responding: “Really, we can’t blame the framework. It was a sudden, unexpected

burst of inflation. And then it was the reaction to it, and it was what it was. But it was not

IQuote is from a Shadow Open Market Committee event. See the SOMC Youtube for the full quote and
discussion.
2See Laubach and Williams (2003) and Del Negro et al. (2017).


https://youtu.be/Gz2jo42axyE?t=4345
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Figure 1: U.S. core Personal Consumption Expenditures inflation from 2015 until the Fed
raised rates in September 2022. The inflation projection is the median forecast from the
Fed’s September 2022 Summary of Economic Projections; historical data is from FRED.

in any way caused by or related to the framework.’ﬂ

The dynamics of inflation over the past 7 years can be seen in Figure 1. Figure 2 compares
the forecasted response of the fed funds rate under an inflation targeting Taylor Rule (blue
circles), a 5-year average inflation targeting Taylor Rule (pink stars), and the median FOMC
forecast (black dashes). Under standard inflation targeting, the Taylor Rule would prescribe
a tighter policy faster, while the 5-year AIT Taylor Rule prescribes a slower response and
more closely matches the FOMC projections.

This paper attempts to provide an answer to the effects of average inflation targeting
and the imperfect information associated with the Fed’s flexible approach. I do this by
incorporating imperfect credibility about average inflation targeting (AIT) into a DSGE
model with an occasionally binding zero-lower bound and unconventional monetary policy.
The model has an environment based on Sims and Wu (2021) and allows the central bank
to set monetary policy using a simple interest rate rule, augmented for AIT, when interest
rates are above the lower bound. However, when interest rates become constrained, the

central bank can switch its policy instrument, using a policy rule for its balance sheet,

3See the FOMC website for the full transcript.


https://www.federalreserve.gov/mediacenter/files/FOMCpresconf20220316.pdf
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Figure 2: The fed funds rate. The Fed projection is the median forecast from the Fed’s
September 2022 Summary of Economic Projections. The IT forecast uses a standard inflation
targeting Taylor Rule while the AIT forecast uses a 5-year average inflation targeting Taylor
Rule. Historical data is taken from FRED.

similar to the Fed’s quantitative easing. Unconventional policy works by reducing financial
frictions caused by the financial intermediary’s agency problem, allowing for greater firm
investment and smoothed credit shocks. Additionally, average inflation targeting works as
a trade-off between less stimulative policy contemporaneously and more stimulative policy
in the future. Put simply, the effectiveness of average inflation targeting depends on its
influence on expectations: if it can raise expectations enough to compensate for slower
policy responses, it will be more effective than standard inflation targeting. However, under
imperfect information, agents cannot directly observe the central bank’s averaging window.
Instead, agents must form an expectation on the averaging window based on past policy,
updating as more information becomes available.

Results show the importance of commitment and credibility surrounding the Fed’s new
policy rule. Average inflation targeting leans heavily on stable inflation expectations, and
expectations are more difficult to form under imperfect information. In turn, average in-
flation targeting performs strictly better when the central bank is clear about an averaging
window: output and inflation are more stable, utility is higher, and the zero-lower bound is

hit less frequently. Results also show that moderate average inflation targeting has advan-



tages over strict inflation targeting, leading to more stable inflation and output. There is
a risk of “over-averaging,” where the policy is focused on too-long of a period. Inflation is
most stable when policy focuses on an 8-quarter window. However, the success of the policy
is dependent on the central bank’s ability to transparently commit to an averaging rule,
as even the most effective policy under imperfect information leads to consistently worse
outcomes than the least effective policy under full information.

Research into average inflation targeting is largely just beginning. Nessen and Vestin
(2005) are the first to consider how average inflation targeting can differ from traditional
inflation targeting. They find a price level target strictly dominates both average inflation
targeting and standard inflation targeting in a pure forward-looking model. However, when
backward-looking elements are introduced, average inflation targeting can improve outcomes
compared to both price level targeting and standard inflation targeting. Both Amano et
al. (2020) and Budianto et al. (2020) extend this specification by incorporating the zero-
lower bound into their analysis. Both find that average inflation targeting improves policy,
even with a zero-lower bound, and the degree of history dependence is key to the policy’s
effectiveness. Importantly, neither Amano et al. nor Budianto et al. consider the effect
of unconventional monetary policy or financial frictions when evaluating average inflation
targeting. Jia and Wu (2021) incorporate the time inconsistency of the policy, finding that
AIT shifts the Phillips Curve and incentivizes the central bank to deviate from its stated
policy. In turn, uncertainty can actually aid the central bank stabilize inflation and output.
Meanwhile, empirical research has shown mixed effects of the introduction average inflation
targeting. Coibion et al. (2020) showed that most of the public had not known about the
shift in the Fed’s policy strategy, and Candia et al. (2021) found that, while many still had

not known of the policy, their inflation expectations had begun to shift upwards.



1 Additional Literature

This paper lies at the intersection of two strands of literature: that on unconventional mone-
tary policies and alternative monetary policy goals. Several empirical papers have examined
the effectiveness of non-interest rate policies, such as quantitative easing and forward guid-
ance, in replacing traditional interest rate policies. An excellent summary of the literature
surrounding unconventional policy can be found in Kuttner (2018). Papers such as Gagnon
et al. (2011), Krishnamurthy and Vissing-Jorgensen (2011), and Baur and Neely (2014) take
an event study approach to quantifying the effects of QE, finding that QE did significantly
reduce long-term interest rates. Specifically, 10-year Treasury yields declined roughly 150
basis points in response to announcements of QE. Quantitative easing has also been shown
to have effects on real outcomes as well. Rodnyansky and Darmouni (2017) and Luck and
Zimmerman (2017) found that QE1 and QE3 led to increased bank lending, while Foley-
Fischer, Ramcharan, and Yu (2016) found that firms issued more long-term debt in response
to QE, leading to greater capital spending and employment. Finally, Engen, Laubach, and
Reifschneider (2015) and Wu and Xia (2016) found that unconventional policies had similar
effects on the overall economy to that of a 300 basis point decline in the fed funds rate.
Unconventional monetary policy has also presented new challenges for modelers. Indeed,
the Fed’s use of non-interest rate instruments has necessitated modelers expand the sphere
of policy and its transmission in macroeconomic models. Gertler and Karadi (2011, 2013),
Carlstrom et al. (2017) and Sims and Wu (2020, 2021) incorporate quantitative easing into
a DSGE model by segmenting financial markets and incorporating financial frictions. These
models allow quantitative easing to work slightly differently than traditional interest rate
policy, as asset purchases ease financing constraints on firms and reduce the effect of financial
frictions on banks. Other papers have begun to incorporate the idea that unconventional
policy may have limited effectiveness as it is used more frequently. McMahon et al. (2018)
find that inflation can become indeterminate when the central bank expends its balance sheet

without restricting the composition of its assets, and Karadi and Nakov (2020) find QE loses



its effectiveness to offset nonfinancial shocks as bank balance sheets become unconstrained.

While much has been made about the Fed’s shift to average inflation targeting, com-
mitment and transparency are key determinants to the success of a shift in policy strategy.
Erceg and Levin (2003) showed that the dynamics of inflation during the Volcker disinflation
could largely be accounted for with rational, optimizing agents by incorporating imperfect
information surrounding the inflation target. Ireland (2007) extends this imperfect informa-
tion framework to estimate the Fed’s true inflation target from the 1950’s to early 2000’s,
finding the target increased as high as 8% in the 1970s before settling at roughly 2.5% in
the 2000s. Finally, De Michelis and Iacoviello (2016) examine the interaction of imperfect
information and the zero-lower bound, applied to the introduction of Abenomics in Japan.
They find information availability plays an even larger role in policy effectiveness when the
interest rate is constrained by the zero-lower bound, as inflation and output are only half as

responsive to changes in the inflation target under imperfect information.

2 Model

The model has an environment based on Sims and Wu (2021) containing both forward- and
backward-looking elements with 6 types of agents: households, firms, financial intermediaries,
the labor market, the fiscal authority, and the central bank. Households consume, hold short-
term deposits, and a fraction of households supply labor through the labor union while
the remainder are intermediaries. The labor union purchases differentiated labor from the
household and sells it as final labor to firms. There are 4 types of firms: retail, wholesale,
capital producing, and final goods firms which transform capital and labor into final output.
Wholesale firms must finance a portion of new projects by issuing long-term bonds. The
financial intermediary can lend by holding these long-term bonds, but are subject to a value
constraint. The fiscal authority finances its spending by levying lump-sum taxes on the

household, collecting transfers from the central bank, and issuing long-term bonds. Finally,



the central bank sets monetary policy according to two Taylor-type rules: one for interest
rate policy when above the zero-lower bound, and one for bond-purchasing policy when

against the zero-lower bound.

2.1 Households

There are two types of members within each household: workers and intermediaries. A fixed
fraction of households are financial intermediaries, and each period intermediaries stochas-
tically exit and become workers. Households all have the same lifetime utility function and

maximize:

14
L (2.1.1)
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j=0

where 8 € (0,1) is the discount factor, b € [0,1) is the habit formation parameter, 7 is
the inverse Frisch elasticity, £ is a scaling parameter, C; is consumption, and L; is the labor
supplied. Households also face the following budget constraint when making their purchasing

decisions:

P.Cy+ Dy — Dy_1 < MRS,L; + DIV, — P,X — PT, + (i’, — 1)D;_, (2.1.2)

where P, is the price level, D;_; is the nominal level of deposits a household has entering pe-
riod ¢, i¢ | is the interest rate paid on those deposits, M RS, is the compensation a household
receives for their labor supplied. DIV, are dividends received from ownership of nonfinancial

firms, X is startup capital for new intermediaries, and 7; are lump-sum taxes.

2.2 Labor Market

The labor market consists of two portions: labor unions who purchase labor from households,

and labor packers who sell final labor to firms. The labor union, indexed by h € [0, 1], is



given by the demand curve:

Las(h) = (Wt(h) ) L, (2.2.1)

where W;(h) is the wage paid for union h’s labor and €, is the elasticity of substitution. The

aggregate wage is then simply:
1
Wi — / Wi(h)'v dh (2.2.2)
0

Unions are subject to Calvo-style nominal wage rigidity, so each period unions face a 1 — ¢,
probability they can adjust their wage, with ¢,, € [0,1]. When wages are not updated, they
can be indexed to inflation with the weight v, € [0, 1]. Profit for a labor union is a function

of the labor markup they receive by repackaging labor:

DIV (h) = Wi(h)'= W Lay — MRS;Wi(h) ™ W¢* Ly, (2.2.3)

*

Labor unions, taking this into account, would optimally set the real wage, w; = V]ZI , at:

* €w fl,t

= e 224
i €w — 1 f2,t ( )
€w Ht+1 v
fl,t = mrsw, Ld,t + ¢ By Ay W f1,t+1 (2.2.5)
t
€ Ht+1 ot
Jou = wi* Lag + ¢u By Ay N fo,i41 (2.2.6)
t

Integrating the union labor demand curve across h gives the aggregate labor demand curve:

Lt = Ld’t'U;U (227)

where v}’ is the wage dispersion:

WY = /01 (wﬁ))_ew dh (2.2.8)



which, combined with the optimal wage, w*, gives the expression for the aggregate wage:

Wi = (1= G) (w)) ™ + Pl I ) (2.2.9)

2.3 Production Firms

There are four types of firms in the economy: wholesale, retail, capital producing, and final
goods. Wholesale firms use capital and labor to create output, Y, , capital producing firms
create physical capital, I,, and retail firms repackage and sell wholesale output.

Retail firms face the demand curve:

>ﬁﬁ=(?§§%n (23.1)

where P;(f) is the price of the retail output. The price of final output is then given by:

P = /01 P(f) = rdf (2.3.2)

where €, is the elasticity of substitution. Similar to labor unions, retailers face a Calvo-style
price rigidity, so firms face a probability 1 — ¢, of being able to adjust their price each
period and can index their price to inflation with weight ~,. Taking this into account, firms

maximize their dividends:
DIV4(f) = P(f)" " P"Y: = PuiP(f)" " PY, (2.3.3)

Retailers attempt to optimally set prices at:

* EP L1t
= — 2.34
bt €—1xo,t ( )
.\
Tyt = pm,t)/t + pr Et At (Ht—,y—;l) X1 t+1 (235)
t



T, \ !
Tot = }/;t + (bp Et At < t+1> T2t+1 (236)
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Ht

Aggregating across all retail firms gives the aggregate price index:
L= (1= ¢,)(p})" + gl 1™ (2.3.7)
Wholesale firms produce output with a Cobb-Douglas production function:
Yoo = A(u K)* Ly ,* (2.3.8)

where Y, ; is output, Ly, is the labor input, « is the capital share. A; is exogenous produc-
tivity which follows a stochastic process, u, is capital utilization, and the capital stock, K,

accumulates with a normal law of motion:
Kipr =1+ (1 — 6(w))K, (2.3.9)

Wholesale firms must finance a constant portion, ¢ € [0, 1], of their new capital purchases,
ft, bought at price PF. To do this, similar to Carlstrom et al. (2017), firms must issue

perpetual bonds. This creates the “loan in advance” constraint:
WP < QiCF s = Qu(Foy — £F i) (2.3.10)

where C'F}, ; is the new nominal bond issuance, and F,, ; is the total outstanding liability due
in period t. These wholesale firms incorporate the loan in advance constraint and attempt

to maximize dividends:

DIVyy = Py Ag(us ;) L = WiLay — PP — Frogo1 + Qu(Fng — £Fpy1)  (2.3.11)

10



Finally, capital producing firms produce new capital via:

I, = [1 -9 (%)] I, (2.3.12)

from unused output, I;, with the adjustment cost S (If—il) They maximize dividends given

by:

I
DIViy = Pf {1 -5 (I—t)} I, — P, (2.3.13)

t—1

2.4 Long Term Bonds

Both the fiscal authority and wholesale firm can finance their endeavours by issuing long-
term bonds. Similar to Woodford (2001), these bonds are modeled as perpetuities with a
constant decaying coupon payment, where the decay parameter is given by & € [0,1]. New
nominal bond issuances for the government are given by C'B; and issuances for firms are
given by C'F,, ;. Both follow a similar form where the total liability due in period ¢ is based

on previous issuances:
Bt = CBt,1 + HCBt,Q -+ /€20Bt,3 —+ ... (241)

Iterating forward gives:

OBt = Bt — K’Bt—l (242)

New government bond issuances are sold at the price ()p;, while new corporate bond
issuances sell at price (Qp;. Taken as a whole, the value of outstanding government and

private bonds are given by
QB = QpiCBi 1 + kQpCB; o+ K QpCBi 3+ ... (2.4.3)

QriFy = QriCF 1 + kQpCFro + FG2QF¢OFt_3 +... (2.4.4)

11



The interest rates on bonds, if" and i, are the realized holding period returns:

.B _ 1 + ’%QB,t

i = B 245

YT G (245)
|

i = L AQr (2.4.6)
Qri-1

The term premium, modeled similar to Carlstrom et al. (2017), is the difference between
the realized interest rate on government debt, i2, and the yield implied by the expectations
hypothesis of the term structure as the sum of short rates over the life of the bond. The

price and yield of the hypothetical expectations hypothesis bond are then:

14+K gy

=K, ——Q/] (2.4.7)
tss
-FH 1
i = m + K (2.4.8)
t

In turn, the term premium and risk premium are:

tpy =i — i1 (2.4.9)

rpy =il — il (2.4.10)

2.5 Financial Intermediaries

Financial intermediaries in this model are based on those in Gertler and Karadi (2013). They
finance their lending to firms and government, as well as their reserve holdings, by absorbing
household savings. In doing so, intermediaries also engage in maturity transformation, hold-
ing short-term liabilities in the form of deposits while holding long-term assets in the form
of government and corporate bonds. Each period, a fraction 1 — o, with o € [0, 1], of inter-

mediaries stochastically exit, returning their net worth to households. These intermediaries

12



are then replaced by new ones, beginning with the startup capital X from the household
owner.

Intermediaries, indexed by z, hold long-term bonds issued by both the government and
wholesale firms, as well as interest-bearing reserves, RE, ;. They finance these holdings

through their net worth, IV, ;, and by issuing deposits, D, ;:
QriF.t +QpiB.y + RE.; =D, + N, (2.5.1)

Surviving intermediaries’ net worth is given by:

N, = (' =i )Qry1Foyy + (2 =i )Qps1B.i

+ (ZﬁEl - i?—l)REz,t—l + itd_lNz7t_1 (252)

where 7¢ | is the interest rate on reserves, set by the central bank. i¢ | is the equilibrium de-
posit rate, and interest rates in (2.5.2)) are given by their net interest margin. Intermediaries

attempt to maximize their terminal wealth, discounted by the stochastic discount factor, A;:

o0
V. =max(l — o) E, Z ajflAtnzﬂgﬂ-
j=1
with n,, = N,./P,. The financial intermediary faces two constraints. The first is a standard
reserve requirement:

REz,t Z TDz,t (253)

While the reserve requirement is an important piece in the intermediary’s maximization, it
rarely binds, consistent with the Fed’s recent ample reserve regimeﬁ Second, intermediaries
face a value constraint similar to that in Gertler and Karadi (2013). This constraint allows

intermediaries to abscond with a portion of their assets at the end of a period instead of

4For a summary of how an ample reserve regime differs from a scarce reserve regime, see the discussion
in Thrig et al. (2020)
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continuing as an intermediary. When an intermediary absconds, depositors can only recover
a portion of the intermediary’s assets, while the intermediary retains the rest. Thus, for a
depositor to lend to an intermediary, it must not be optimal for the intermediary to abscond

and enter bankruptcy:

Vit 2 0(Qriley + AQp B 4) (2.5.4)

Intuitively, the value constraint says that the value of continuing as an intermediary (V)
must outweigh the value of the funds it can retain if it enters bankruptcy (6;[Q:f.: +
AQp+b.4]). Once the intermediary enters bankruptcy, it keeps a fraction 6; of its private
bonds and 6;A of its government bonds, with A € [0, 1]. 6; can thus be considered a credit
wedge that arises from an agency problem in when an intermediary enters bankruptcy. More-
over, 6, follows an AR(1) type process, and shocks can be considered a credit shock: when
0; suddenly increases, depositors can recover fewer assets, so the agency problem worsens.
In turn, interest rate spreads must increase for intermediaries to be willing to continue.

Taken as a whole, intermediaries have the optimality conditions:

. : A
Et AtQt+1H;+11 (Zgrl — Zd) = rtAtetA (255)
By A Qi 107 (65, | — i) = A (2.5.6)
t g lpp1lly ({0 — 2 1+ A t 0.
. . w
Eo QeI (335 — 4f) = 1 +t)\t (2.5.7)

where A\; > 0 is the multiplier on the value constraint, w; is the multiplier on the reserve
requirement, and:

oWt REt

Qt = 1 — 0+ O'(l =+ )\t> ]Et [At7t+th+1H;-:l:| Z? — N
t

(2.5.8)
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When the value constraint (2.5.4]) binds, an intermediary’s leverage ratio is given by:

_ QriF.: + AQpB.
Nz,t

o (2.5.9)

This leverage ratio is lower than would be optimal for the intermediary, giving rise to excess
returns on holding long-term bonds. However, when neither constraint binds (A\; = w; = 0),

: F _ ;B _ :RE _ ;D
the credit spreads decrease to zero (i;,, = i, = 4" =iy ).

2.6 Monetary Policy

The central bank can conduct monetary policy via interest rate and balance-sheet policies
while targeting average inflation. The central bank can hold both private and government
bonds, and it finances the purchases of these bonds by issuing interest-bearing reserves. The

central bank balance sheet is given by:
QriFwt +QpiBas = RE, (2.6.1)

With standard policy, the central bank uses the short-term interest rate on reserves as
its primary instrument to conduct policy, but the short-term interest rate can become con-
strained by the zero-lower bound. It sets policy according to a Taylor-type rule, responding
to deviations of J-period average inflation from its stated inflation target, II, as well as to the
growth rate in outpu. The J—period average of inflation is denoted by I/ = % Z;.]:_Ol IL;_;.
When the short-term interest rate is above the zero lower bound and the required reserve

ratio is nonbinding, all short-term rates are equal to the desired policy rate:

iy = max{0,i] *} (2.6.2)

5The Taylor Rule in this model responds to output growth, rather than the output gap, for two reasons:
first, because of the presence of both nominal and financial frictions, it is not clear what “potential” output
should be, as most models only consider nominal frictions. Second, it is likely desireable for a central bank
to focus on output growth, rather than an output gap, to resolve the imperfect knowledge problem discussed
in Orphanides and Williams (2003).
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if =it =" (2.6.3)

which is set according to:

it " = preirri—1 + (1= prg) [¢=I1] —II) + ¢y (Y, — Yio1)] + €54 (2.6.4)

where prg is the smoothing parameter, ¢, is the inflation feedback parameter, and ¢y is the
output growth feedback parameter. When the short-term interest rate becomes constrained
by the zero-lower bound, the central bank then switches its policy instrument, utilizing its
balance sheet in the spirit of the Fed’s quantitative easing programs. It adjusts its bond

holdings according to a similar Taylor-type rulesﬂ

Fuy = prFas1 + (1 — pr)¥ (¢ (I — ) + ¢y (Y; — Yio1)] + ey (2.6.5)

By = ppBeai—1 + (1 — pp)V [¢- (I — 1) + ¢y (Y — Yi_1)] + ey (2.6.6)

where pp and pp are the bond smoothing parameters and ¥ is a scaling parameter which
maps the same inflation and output preferences to the bond-holding policy rule.

The central bank can purchase both government and corporate bonds, but corporate
bond purchases have a greater effect for two reasons. First, the financial wedge allows inter-
mediaries to abscond with more corporate bonds than government bonds, so corporate bond
purchases ease this friction. Second, purchases of corporate bonds have a direct effect on the
wholesale firm’s loan in advance constraint: first, the central bank buys bonds from banks,
decreasing bank bond holdings (F};) and increasing reserves (RE;). These purchases increase
the demand for outstanding corporate bonds, increasing bond prices (Qr;¢), decreasing the

F _jRE)

interest rate on bonds (if") and excess returns (if' —i*¥). These higher bond prices, in turn,

6In the model, the central bank can purchase both government and private securities. While this is
standard for the ECB and BOJ, the Fed only began purchasing private securities under the CARES Act
authorization. Thus, it is unclear whether this will become standard policy implementation going forward.
Results for an alternate specification where the central bank only purchases government bonds can be found
in the appendix.
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ease the loan in advance constraint, allowing for a greater level of investment with the same

number of bonds outstanding.

2.6.1 Policy Information

As mentioned in the previous section, in this model the central bank targets J-period average
inflation to reflect the Federal Reserve’s new operating framework. In September 2020, the
Fed completed its review of its monetary policy framework, concluding that it would shift to
targeting “flexible” average inflation, rather than its previous policy of single-period inflation.
However, the Fed eschewed any mention of a specific averaging window, instead allowing for
discretion in their new framework.

In this model, I incorporate this uncertainty surrounding their averaging window similar
to Erceg and Levin’s (2003) strategy of incorporating a time varying inflation target. In
the case of full information, the central bank commits to a specific averaging window, which
agents can directly observe. However, in the case of imperfect information, agents in the
model know the parameters of the policy rule (prg, ¢x, ¢y ), but cannot directly observe the
averaging window. In turn, they can only perceive unexpected changes to the interest rate,
Zy;. These changes could be the result of a standard monetary shock, e;, or a misperception

of the averaging window, II7. Thus, the linear combination of these innovations is:

Zy = er — (1= prr)(ox)11} (2.6.7)

As a result, agents must figure out if there was a policy shock or if they misunderstood the
averaging window. Formally, they must solve a signal extraction problem via the Kalman
filter to form an expectation of the averaging window and the future path of interest rates
based on policy innovations. In state space form, these components evolve according to the

system:

I/ s 0 I/ €n7
flo | Gl I R (2.6.8)

€t 0 pe €t—1 €e,t
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where e+ and €.; are normal IID innovations with variances of o respectively. The
averaging window has a high autoregressive root, while the monetary shock has an au-
toregressive root near zero. Intuitively, this means the central bank is committed to their
unobserved policy rule, and they attempt to quickly correct for monetary shocks. The prop-
erties of these components are explored in depth in Erceg and Levin (2003), Ireland (2007),

and De Michelis and lacoviello (2016).

2.6.2 Average Inflation Targeting

In announcing the new framework in September 2020, Fed Chair Jerome Powell noted that
inflation had run persistently below its stated target of 2%, and that inflation expectations
had become anchored at this lower level. Therefore, the goal of average inflation targeting
is not just to makeup for the past undershooting of inflation, but also to shift inflation
expectations closer to the Fed’s 2% target[] This, in turn, should push interest rates higher,
away from the zero-lower bound.

Expectations play a key role in the effectiveness of average inflation targeting. Regardless
of the size of the averaging window, average inflation targeting works as a trade-off between
less responsive policy contemporaneously and more responsive policy over time. Specifically,
longer averaging windows raise household, firm, and intermediary inflation expectations,
as they incorporate the central bank’s promise to “overshoot” in response to declines in
inflation. These higher inflation expectations lead to comparatively higher wages and prices,
higher long-term interest rates, and a greater overshoot in inflation and output over time.
However, because policy is focused on longer-term goals, it less responsive to current shocks.

For example, a one percentage point decrease in current inflation causes the central
bank to decrease rates by (1 — pTR)@% percentage points under average inflation targeting,
compared to (1 — prr)¢, percentage points under standard inflation targeting. As such,

one would expect this slower contemporaneous movement to lead to greater short-term de-

"Coibion et al. (2020) and Naggert et al. (2021) discuss in greater detail how the announcement of AIT
influenced inflation expectations.
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creases in output and inflation from demand shocks, producing greater short-term declines
in utility. However, policy is accomodative for longer under AIT, holding rates (1 — /)TR)%%
percentage points lower for J—periods after the change in inflation] In this way, average
inflation targeting acts similar to forward guidance as a promise to hold rates lower for
longer. Observing this future path of interest rates, households shift their expectations ac-
cordingly. Thus, intuitively, the effectiveness of average inflation targeting will depend on
the relative effect of the shift in long-term expectations compared to the effect of smaller
responses to current shocks. If re-set expectations play a larger role in determining the path
of the economy, then AIT should improve policy-making compared to the baseline. However,
if the dulled contemporaneous response of policy outweighs the effect of new expectations,
standard inflation targeting should lead to better outcomes than average inflation targeting.
Moreover, the trade-off is likely to vary across averaging windows, as long averaging windows

run the risk of over-averaging inflationary signals, leading to slow and suboptimal policy.

2.7 Government

The fiscal authority purchases an exogenous amount of final output, GGy, which is financed
through lump-sum taxes, transfers from the central bank, and bond issuances, B ;. Because
of financial frictions, Ricardian equivalence does not hold. However, lump sum taxes from
the household adjust each period to ensure the government’s budget constraint holds. Thus,

the government’s budget constraint is given by:

PGy + P,_1bg = PT, + PTy: + QB,tPtb_G(l - /‘fﬂt_l) (2.7.1)

8 Appendix 1 considers how the effectiveness of the policy changes if the central bank responds more
strongly to current inflation by targeting decaying inflation, rather than an arithmetic average.
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2.8 Calibration

The model is solved using a piece-wise linear approximation around a non-stochastic steady
state subject to the constraint that the interest rate never dip below the zero-lower bound.
The model is solved using the OccBin toolbox developed in Guerrieri and lacoviello (2015).
Calibrated values of model parameters key to the analysis are described in Table [ The
values are standard to those in the literature. The bond decay parameter, k, is calibrated
so the average bond duration is 40 quarters; 1, the proportion of new investment funded
via debt, is taken to match the observed value of private debt to GDP. The intermediary
survival probability, o, is 0.95, in line with the value used in Gertler and Karadi (2011,
2013). The steady state risk spread, i/ — iP, is calibrated at 200 basis points to match the
average Baa - 10-year Treasury spread from 1970-2008, while the steady state term spread
spread, i? — iFH is calibrated at 100 basis points, the average 10-year Treasury - fed funds
spread over the same period. The discount factor, /3, is calibrated at a literature-standard
0.95, implying a natural real interest rate of 2%. The Calvo parameters, ¢, and ¢,,, and
the indexation parameters, «, and 7, are calibrated to their estimated value from Smets
and Wouters (2007). Finally, the Taylor Rule parameters, ¢, and ¢y, are calibrated at their

standard value, and the Fed’s smoothing parameters, prr, pp and ppg, are calibrated so the

Fed has consistent smoothing preferences between the fed funds rate and QE.

3 Results: Full Information

This paper examines the effectiveness of monetary policy changes along two dimensions:
average inflation targeting and information availability. To isolate the effects of average
inflation targeting vs standard inflation targeting, I first look at AIT only in the case of
full information. Examining the policy through this lens shows the potential for average
inflation targeting, provided the central bank transparently commits to a specific averaging

window and households are attentive. Section 4.1 examines how the dynamics of the model

20



Table 1: Key parameter calibration

Parameter Value Description
K 0.975 Bond duration
() 0.81 Fraction of investment from debt
o 0.95 Intermediary survival probability
0 3 Steady state spread
X 4 Steady state leverage
A 0.33  Government bond recoverability
Db, Pf 0.8 AR Fed bond holdings
g 0.995 Discount factor
bp, Pu 0.75 Price/wage rigidity
o> Yoo 0.5 Price/wage indexation
PTR 0.8 Taylor Rule: smoothing
Or 1.5 Taylor Rule: Inflation
Oy 0.5 Taylor Rule: Output growth
P 0.99 AR: Average misperception
Pe 0.01 AR: monetary shock

vary with different averaging windows, while section 4.2 reports the results of a simulation

where the model is hit by a variety of shocks.

3.1 IRFs

In addition to the standard inflation targeting baseline (J = 1), I consider 2 different aver-
aging windows: J = 8, J = 20. Broadly, these averaging windows can be considered “short”
and “long” averaging windows. Impulse response functions from the model can be seen in
Figures [3]-[6] Importantly, each model begins from its steady state, which has a real interest
rate of 2%. Thus, each IRF begins with interest rate policy and only switches to QE if the
zero-lower bound is reached. A consistent theme emerges across all IRFs: longer averaging
windows lead to greater responses in each variable from the shock, and greater overshooting
of each variable later in the IRF.

Figure |3 shows the response from a credit shock, or a sudden increase in 6. In response
to the credit shock, output, employment, and inflation decline. This leads to a decline in

household utility and causes the central bank to decrease its target interest rate to the lower
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bound. Interestingly, while output and employment decline more significantly with longer
averaging windows, they recover more quickly. Moreover, the longer averaging windows
lead to less time spent against the lower bound utilizing unconventional policies, returning
interest rates to close to its steady state more quickly.

A productivity shock, shown in Figure |4, presents an interesting challenge for the central
bank. Because output and inflation are moving in opposite directions, the weights in the
Taylor Rule and the averaging window play an important role in the movement of the interest
rate. Under standard inflation targeting, the central bank cuts rates modestly to counteract
the decline in inflation. However, as longer averaging windows dull the sensitivity of the
central bank to current inflation, the central bank actually raises rates modestly under AIT.
The dynamics of other variables are largely similar in each scenario.

Figure [5] shows the response of the model to 100bp interest rate shock. Interestingly,
output and employment decline more after a 100bp interest rate shock under AIT than they
do under standard I'T, while the inflation response is similar. These greater declines are likely
due to slower expected policy responses in the future, as the central bank is responding to
average inflation rather than the large decline in current inflation.

Finally, while output and employment respond similarly to a government spending shock,
inflation increases significantly more with longer averaging windows. This, in turn, requires
the central bank to undershoot inflation more in later periods to stabilize average inflation,

leading to lower interest rates and a similar level of output.

3.2 Simulation Results

Next, I simulate the model across 1,000 periods to see how average inflation targeting com-
pares to standard inflation targeting when the economy is hit by a combination of shocks,
rather than each in shock isolation. Each variable begins in steady state, and is hit with a
sequence of credit, technology, interest rate, and productivity shocks.

Variances of output, inflation, the interest rate, and utility from the full information
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Response from a Credit Shock: Full Information

Response from a Productivity Shock: Full Information
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Response from an Interest Rate Shock: Full Information
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Response from a Government Spending Shock: Full Information
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simulation can be seen as the black lines in Figure [/l A notable takeaway from the figure is
that variables are stabilized best with different averaging windows. Output is best stabilized
using standard inflation targeting, and becomes less stable as the averaging window increases.
Inflation is most stable with a moderate averaging window (J = 8 quarters) and least
stable under the baseline, J = 1. Interest rates are most stable with a longer averaging
window. This is largely expected, as longer averaging windows will slow the policy response
to inflation. Finally, utility is best stabilized under standard inflation targeting, largely
because output is more stable. Thus, while AIT can clearly stabilize inflation more effectively,
it is not a free lunch.

A rationale behind the average inflation targeting was to push interest rates away from the
zero lower bound, decreasing the use of unconventional policies. Interestingly, this rationale
looks to hold true, at least for moderate averaging windows. Policy hits the zero-lower bound
in 9.3% of the simulation when inflation is targeted over J = 8 quarters, and only 8% when
targeted of J = 12 quarters. In contrast, the baseline hits the zero-lower bound in over 9% of
periods the simulation, so standard policy is more likely to have to resort to unconventional
policies, like QE, than moderate average inflation targeting. However, there is a risk in over-
averaging inflationary signals through this lens too, as a long averaging window of J = 20

quarters hits the zero-lower bound in 10% of the simulation.

4 Results: Imperfect Information

While targeting average inflation over moderate periods can lower the variability of inflation
and increase total household utility, these results assume households and firms have perfect
information about the averaging window, and that the central bank will commit to the aver-
aging. However, the Fed has only said that they plan to target 2% inflation averaged “over
time,” and following periods of below-2% inflation, policy will target above-2% inflation for

“some time.”f] Surveys done by Coibion and Gorodnichenko (2020) and Candia et al. (2021)

9See the Fed’s Statement on Longer-Run Goals and Monetary Policy Strategy for the full statement.
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Figure 7: Variance of each variable from model simulation over 1,000 periods with random
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Simulation results
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Figure 9: Plots of each variable over the 50 periods of the simulation under full and imperfect
information with a J = 8 period averaging window
show that most households did not know about the policy shift, and inflation expectations
had become “unanchored” and began to drift upwards. In turn, there has been a substantial
amount of uncertainty about how high inflation will get, and how forcefully the Fed will
respond. Clearly, there is imperfect information surrounding average inflation targeting, due
to both ambiguity by the Fed on the policy roll-out and by household and firm inattention.
Figure [ shows plots of each variable over the first 100 periods of the simulation, holding
the averaging window constant at J = 8 periods. Holding the averaging window constant
isolates the effect of imperfect information surrounding average inflation targeting. Impor-
tantly, each variable appears to be less stable under imperfect information, as output and
employment quickly increase more above their steady state, leading to higher inflation. In-
flation stays at a higher level for longer under imperfect information, as there is uncertainty
surrounding the perceived averaging window. Interest rates hit the zero-lower bound early
in the simulation for both full and imperfect information, but they remain against the zero-

lower bound for longer under imperfect information. What’s more, interest rates are driven
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to the lower bound a second time under imperfect information. Taken as a whole, the full
information policy leads to a smaller central bank balance sheet over the simulation, as
unconventional policies are both more effective and used less frequently.

The blue lines in Figures [7] and [8| show how the variance of inflation, output, and the
interest rate change under imperfect information. Interestingly, output is most stable under
a standard inflation targeting regime, similar to the full information policy. Moreover, infla-
tion is most stable over a shorter averaging window (roughly 8 quarters), and has roughly
equivalent variance under standard inflation targeting and long averaging windows. Interest
rates are most stable under longer averaging windows, though the variance is roughly stable
between a moderate AIT and a long AIT.

Utility is most stable under standard inflation targeting or short AIT, largely due to
greater stability in output with shorter averaging windows. However, while under full infor-
mation utility is similarly high under short and long averaging windows, utility is highest
under a short averaging window with imperfect information. This reveals the tradeoff that
AIT faces under imperfect information. Targeting inflation over longer averaging windows
dulls the effect of imperfect information in a single period. However, longer averaging win-
dows lead to slower contemporaneous responses and the higher variance of output seen in
Figure[7] This trade-off is most effectively balanced when inflation is targeted over 4 quarters,
and there are similar effects between moderate and long windows.

Finally, interest rates hit the zero-lower bound less frequently under long averaging, and
the frequency increases as the averaging window shortens. Thus, under imperfect informa-
tion, the central bank balance sheet stays smaller when policy targets inflation over longer
windows.

Importantly, the performance of the model under imperfect information is strictly dom-
inated by full information: the variance of each variable is lower, total utility is higher,
and the zero-lower bound tends to bind less frequently. This illustrates the importance of

information for a policy’s effectiveness: when agents don’t know the specifics around AIT,
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they frequently must update not only their expectations about the future, but also their
expectations about the true policy rule. This additional uncertainty makes it more diffi-
cult for households to plan consumption and firms to plan investment decisions, leading to
greater variances and lower total welfare. In short, AIT has benefits over standard inflation
targeting if the central bank credibly commits to a specific rule and the households are at-
tentive. However, if the central bank cannot commit, or households simply are inattentive
to a policy change, the model shows outcomes are better if the Fed returns to a commitment

to standard inflation targeting.

5 Conclusion & Policy Implications

The Fed’s flexible average inflation targeting framework has seen a challenging roll-out.
The framework was unveiled during the middle of the Covid-19 pandemic, and inflation is
now at its highest in four decades. Because of the timing of the roll-out, it is difficult to
disentangle the effects of the new framework from the effects of the pandemic.This paper
uses a DSGE model to isolate the effectiveness of average inflation targeting, and the uncer-
tainty surrounding it. Specifically, the model incorporates an occasionally binding zero-lower
bound, unconventional monetary policy, and imperfect information about the policy. Previ-
ous papers in the literature have only considered average inflation targeting in the context of
interest rate policy. However, as Fed Vice-Chair Richard Clarida detailed, the lower bound
and unconventional policies are a key piece behind average inflation targeting.

Targeting average inflation plays an important role in the formation of expectations, and
the effectiveness of the policy depends on its ability to change expectations. Overall, the
model shows that the framework has potential to lead to better outcomes when the Fed
is clear about its averaging, more effectively stabilizing inflation compared to the standard
inflation targeting baseline. Moreover, it can decrease the incidence of the zero lower bound

and improve the effectiveness of unconventional policies, as Clarida detailed. Taken as a
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whole, the combination of inflation and output are most effectively stabilized when the
central bank targets inflation over a period of 1-2 years. However, the Fed has not been
clear about its averaging window. When considering this imperfect information, the model
shows that average inflation targeting leads to consistently worse outcomes than a clear
commitment to standard inflation targeting.

Average inflation targeting also is not without its own drawbacks. Inflation increases
much more substantially in response to positive demand shocks, requiring the central bank
to undershoot inflation in the future. Additionally, targeting inflation over long periods can
mitigate the benefits of the policy, slowing monetary policy’s response to current shocks and
leading to greater instability. This, in turn, means interest rates actually hit the zero-lower
bound more frequently when targeting average inflation for periods longer than 3 years.
Moreover, switching policy frameworks introduces uncertainty, as shown by Coibion and
Gorodnichenko (2020) and Candia et al (2021). Under imperfect information, households
and firms have a harder time forming expectations, leading to lower overall welfare. Thus,
credibility and transparency of the averaging window is key to the effectiveness of the policy.
In short, AIT has benefits if the central bank credibly and transparently commits to the
policy, and households pay attention to the policy shift. However, AIT can create new

uncertainty that outweighs the potential benefits.
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Appendix

5.1 Decaying AIT

Under standard average inflation targeting, the central bank responds equally as strongly
to current and past inflation. Instead, AIT could be implemented by incorporating a decay

parameter on past inflation. In this scenario, I replace the inflation averaging (% Zj:_ll II,_;)

in equations (2.6.4), (2.6.5)), and (2.6.6) with:
ﬂt = CL)Ht + (1 — W)ﬂt,1 (511)

In this specification, agents can have imperfect information about the central bank’s decay
parameter, w, rather than the averaging window.

Similar to the specification discussed in section 5, imperfect information still leads to
consistently higher variances in output and inflation, as well as lower utility. Under this
specification, inflation is most effectively stabilized when w =~ .2, so changes in inflation have
a half-life of 4 quarters. The zero-lower bound incidence is minimized at a similar value
of w. However, utility consistently declines as w increases, so utility is maximized under a
price-level target in this specification.

Under imperfect information, a similar theme holds: output is stabilized by targeting
current inflation (w = 1), inflation and interest rates are stabilized with a moderate aver-
aging, and utility is highest under a price level target. Importantly, similar to the earlier
specification of AIT, the least effective full information policy still leads to higher utility
than the most effective imperfect information policy, reiterating the importance of commit-
ment and transparency to a policy by the central bank, and attentiveness to the policy by

households and firms.
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Results from Simulation
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Figure 10: Total utility and zero-lower bound frequency from simulations.

5.2 Alternative QE

In the model laid out in section 3, the central bank can conduct quantitative easing by buying
both government and private sector bonds. This is standard practice by both the BOJ and
ECB, but the Fed only recently began purchasing corporate bonds under the provisions in
the CARES act. During the first 3 phases of QE from 2008-2014, the Fed conducted QE
by purchasing only Treasury bonds and mortgage backed securities. To examine this policy

more closely, I rerun the model simulations replacing equation [2.6.5| with:

Far=prFapi1+ (1 —pr)Fy +epy

where F, is the central bank’s steady state holdings of private securities (assumed to be

zero here).
Interestingly, allowing the central bank to only buy government bonds leads to similar
variances as the averaging window varies. Output is most stable when the central bank

targets single-period inflation, while both inflation and the interest rate are most stable
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Figure 11: Total utility and zero-lower bound frequency from simulations.

using a moderate length-averaging window. The zero-lower bound is also minimized under
moderate-AIT. However, in this case, total utility is highest under single-period inflation
targeting, and decreases steadily as the averaging window increases. Information has a
similar effect to that in the earlier simulation: imperfect information leads to consistently
higher variances and lower utility than full information.

Furthermore, allowing the central bank to conduct QE by only buying government bonds
leads to a level shift in nearly every case: output and inflation are more stable when the
central bank only buys government bonds. However, interest rates are considerably less
stable, interest rates fall to zero more frequently, and total utility is lower when QE is

conducted in this way.
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