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Monetary policy works through financial 
markets, where the central bank uses its influ-
ence over market prices to steer the economy. At 
the same time, market prices inform the central 
bank on where to steer the economy. Monetary 
policy relies on market prices, and yet monetary 
policy influences market prices. This two-way 
flow introduces a potential channel of circu-
larity whereby market outcomes reflect central 
bank actions, which in turn reflect market out-
comes. Samuelson (1994) famously compared 
this potential circularity with the reactions of a 
monkey seeing its reflection in the mirror for the 
first time. The monkey reacts to its own reflec-
tion in the mirror, unaware that it is seeing its 
own reflection.

In deference to Samuelson, we dub the two-
way flow between the market prices and mon-
etary policy the “reflection problem.” The 
reflection problem is of central importance to 
debates about central bank communication and 
forward guidance. Blinder (1998) highlighted 
this concern in connection with policy frame-
works that place communication at the center 
of the monetary policy framework. This con-
cern has become more salient as policy rates 
have become constrained by the effective lower 
bound after the crisis.

We study the reflection problem in a simple 
model of forward guidance and compare it with 
our earlier work on central bank communication 
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(Morris and Shin 2002, 2005). In our earlier 
work, we examined a setting where economic 
agents have an exogenously given coordina-
tion motive and where the central bank faces 
a disclosure choice on how much public infor-
mation is released. Here, we examine a model 
better suited to central bank communication. It 
addresses forward guidance—in particular, the 
so-called Odyssean forward guidance, coined 
by Campbell et al. (2012), where the central 
bank commits to a state-contingent policy that 
maps outcomes to monetary policy actions. In 
our model, the central bank’s choice is how 
much weight to place on market signals and how 
much to other information in its state-contingent 
policy. The speech by Cœuré (2017) is a recent 
restatement of how Odyssean forward guidance 
may be employed when policy rates are at their 
effective lower bound, and Haldane (2017) lays 
out the broader context for the importance of 
central bank communication.

In our model, market participants each have 
private information about economic fundamen-
tals, as well as a noisy public signal. The central 
bank chooses a reaction function for its mone-
tary policy, where its action is a function both 
of a market signal that arises from the average 
action of market participants, and other infor-
mation such as its survey data. The central bank 
chooses its action appropriate to the economic 
fundamentals. Market participants, for their 
part, give large weight to matching the central 
bank’s action.

The imperative of market participants to 
match the central bank’s action gives rise to 
the reflection problem. The reflection problem 
renders the signal value of the market signal 
endogenous. In particular, a greater reliance on 
the market signal by the central bank renders the 
market signal less informative of the underlying 
economic fundamentals. When the weight on 
market signals is excessive, reliance on market 
signals in the central bank’s policy rule becomes 
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self-defeating. In general, we find that an inte-
rior value of the weight on market signals is 
optimal, where the optimal weight depends on 
the underlying parameters of the problem.

The broader backdrop to these questions 
is the information value of market prices in a 
decentralized setting. Market participants ought 
to aggregate diverse and relevant information 
on the economy in the classic way laid out by 
Hayek (1945). However, if market participants 
place large weight on correctly guessing the 
actions of the central bank, they may underplay 
their own judgment and overweight their assess-
ment of what the central bank is likely to do. 
If, for its part, the central bank places faith in 
the ability of market participants to guide its 
monetary policy actions, it may unwittingly 
complete the information loop between itself 
and market participants, rendering market prices 
uninformative.

The reflection problem arises in formal mod-
els in a number of contexts. In particular, it arises 
in the monetary policy model of Bernanke and 
Woodford (1997). Bond and Goldstein (2015) 
provide a general analysis of the reflection prob-
lem and discuss a wide variety of contexts where 
it may be important. We return to discuss the 
points of contact with the literature in our con-
cluding discussion.

I. Model

Economic fundamentals are given by the 
state  θ  , uniformly distributed on the real line.1 
There is a continuum of market participants. 
Individual  i  observes a private signal   x i    of  θ  dis-
tributed normally with mean  θ  and precision  β .  
There is also a public signal  y  , normally dis-
tributed with mean  θ  and precision  α . We inter-
pret  y  as a conventional wisdom or fashionable 
market narrative that takes hold among market 
participants. We assume that  y  is not part of the 
central bank’s policy rule because, for instance, 
the conventional wisdom takes hold in a fleeting 
way compared to the time scale of the monetary 
policy process.

The central bank has access to a signal  z  , dis-
tributed normally around  θ  with precision  γ . We 

1 In an online Appendix, we solve the model with a 
proper normal prior on the real line. Abstracting from the 
dependence of the policy on the prior mean greatly simpli-
fies the analysis. 

can interpret  z  as survey evidence available to 
the central bank which has not yet been publicly 
disclosed. The central bank chooses an action  r  
so as to maximize

(1)  −   (r − θ)    2  .

Market participant  i  chooses action   a i    to 
maximize

(2)  − w  ( a i   − r)    2  −  (1 − w)   ( a i   − θ)    2  ,

where  w ∈  (0, 1)  . We will be interested in the 
case where  w ≈ 1  , so that market participants 
place large weight in matching the central 
bank’s action  r  , but they also place some weight 
on matching fundamentals  θ .

The central bank’s forward guidance rule is 
given by the policy rule

(3)  r = λ  
_

 a   +  (1 − λ)  z ,

where    
_

 a    is the average action of market par-
ticipants, interpreted as the central bank’s mar-
ket-based signal, and  λ  is the weight placed 
by the central bank on the average action. The 
central bank places weight  1 − λ  on its private 
signal  z . Our benchmark solution is when the 
central bank can commit to its policy rule.

A. The “Reflection Problem”

Market participant  i ’s optimal strategy is

(4)    a i   = w E i   (r)  +  (1 − w)  E i   (θ)  

 = wλ  E i   (  
_

 a  )  +  (1 − wλ)  E i   (θ)  .

Note that the best reply (4) puts weight on the 
average action    a ̅    as in the coordination games in 
Morris and Shin (2002, 2005). The weight on 
the average action arises endogenously due to 
market participants’ concern to match the cen-
tral bank’s choice of  r  , and the reciprocal con-
cern of the central bank to match the average 
action. We will look for a linear equilibrium of 
the form

(5)   a i   = ξ  x i   + (1 − ξ ) y ,

where  ξ  is the choice of “informativeness” 
by the market participant, to be determined 
through matching of coefficients. The average 
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action from (5) is then    
_

 a   = ξθ + (1 − ξ ) y . 
Substituting into (4), we have

  a i   = wλ  E i   (ξθ + (1 − ξ ) y )  +  (1 − wλ)   E i   (θ) 

 =  (wλξ + 1 − wλ)    
αy + β  x i   _ α + β   + wλ (1 − ξ)  y

 =    
β _ α + β   (wλξ + 1 − wλ)   x i  

 +  (1 −   
β _ α + β   (wλξ + 1 − wλ) )  y .

Matching coefficients with (5) we have

(6)  ξ =   
β (1 − wλ) 

  ___________  α + β (1 − wλ) 
    .

In Figure 1, we plot  ξ  as a function of  λ  for  
w = α = γ = 1  and  β = 2 . The informa-
tion value of the average action    a ̅    is decreasing 
in  ξ  , the choice of “informativeness” by mar-
ket participants. In turn,  ξ  is decreasing in the 
weight  λ  that the central bank places on market 
information. The more the central bank relies on 
the market signal, the less informative the mar-
ket signal becomes. In this sense, reliance on the 
market signal can become self-defeating, and it 
is especially so when  w  is close to 1 when mar-
ket participants are eager to guess correctly the 
actions of the central bank.

B. Optimal Weight on Market Signal

The central bank’s loss function is    (r − θ)    2   , 
where  r − θ  can be written as  λ (1 − ξ)  (y − θ)  + 
 (1 − λ)  (z − θ)  . Hence, the expected loss is

(7)   λ   2   (1 − ξ)   2    1 _ α   +   (1 − λ)    2    1 _ γ    .

Our benchmark solution is for the case when 
the central bank can commit to the choice of  λ  , 
anticipating the market participants’ choice of  
ξ  given in (6). Substituting (6) into the central 
bank’s loss function (7), the central bank aims 
to minimize

(8)    
(

  αλ ___________  α + β (1 − wλ) 
  
)

    
2
    1 _ α   +   (1 − λ)    2    1 _ γ    .

As  β  becomes larger, the central bank puts higher 
weight on the market signal but the  optimal 

weight  λ  on the market signal is obtained as an 
interior solution.

The solution for  λ  is given by the point of 
tangency where the  ξ  function is tangent to 
the indifference curve derived from the central 
bank’s loss function. For the chosen parameter 
values of  w = α = γ = 1  and  β = 2  , the solu-
tion is   λ   ∗  = 0.63  and   ξ   ∗  = 0.42 .

To gain further insights into the solution, it is 
useful also to consider the no commitment case, 
where the central bank’s choice of  λ  is the best 
response to the market participants’ choice of  ξ .  
From (7), the central bank’s best reply to  ξ  is

(9)  λ =   α ___________  
α + γ   (1 − ξ)    2 

    .

The no commitment solution is the Nash 
equilibrium solution where (9) intersects the 
 ξ (λ)   function, shown in Figure 2. The no 
commitment solution is   λ   ∗∗  = 0.71 >  λ   ∗   and   
ξ   ∗∗  = 0.36 <  ξ   ∗  . Since the central bank’s indif-
ference curves have slope of zero along its 
best reply function, the commitment solution 
obtained as a Stackelberg equilibrium always 
lies to the left of the Nash equilibrium solution. 
In other words, when the central bank can com-
mit to its Odyssean forward guidance, it will 
choose to put strictly less weight on the mar-
ket signal. As a result, the market signal ends 
up being more informative than under the Nash 
equilibrium solution.

Figure 1
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The comparison of the benchmark solution 
with the Nash solution illustrates well the opti-
mality of the central bank following a rule that 
does not put too high a weight on the market 
signal, lest this becomes self-defeating and the 
market signal becomes uninformative.

C. Variations

For simplicity, we assumed that the state was 
drawn from an improper uniform prior distri-
bution. This assumption allowed the simple 
closed form analysis of the model. In an online 
Appendix, we analyze the general model where  
θ  is has a proper prior distribution, with mean   

_
 θ    

and precision  δ . The analysis is more complex, 
but the qualitative results remain largely the 
same. We also check that the analysis described 
above with the improper prior corresponds to the 
limit of what happens as the precision  δ  tends 
to zero.

We assumed that the CB policy rule did not 
depend on  y . This is an important modeling 
assumption. In the model, the reflection effect 
operates because market participants overweight 
public information and thus private signals are 
not revealed. If the CB was able to condition on 
public information, it could correct for this bias. 
In particular, it could put a weight greater than  
1  on the market signal, and a negative weight 
on the public signal. We don’t think that this is 
a relevant scenario for policy, but to understand 
the model, we describe what happens in this 

case. Formally, consider the case where  α = 0  
but  θ  has the proper prior distribution, so that the 
mean   

_
 θ    serves as a public signal. In this case, 

there is a policy rule for the central bank that 
will make the expectation of    (r − θ)    2   equal to 
zero.

Fix any  ε > 0 . Consider the policy rule

  r =   
_

 a   +   δ _ β   (  
_

 a   −  
_
 θ  )  .

There is a unique equilibrium. By putting a 
weight greater than  1  on the market signal    

_
 a    , 

market participants can be induced to follow the 
strategy

   a i   =   δ _ β + δ   
_

 θ   +   
β _ β + δ    x i   

so that

    
_

 a   =   δ _ β + δ   
_

 θ   +   
β _ β + δ   θ. 

Thus, in equilibrium, we have

  r = θ ,

and the expectation of    (r − θ)    2   is 0.
We assumed that the central bank wanted to 

minimize    (r − θ)    2   , setting their action equal to 
a target. The central bank cared about    

_
 a    only as 

a signal of the true state, but did not care intrin-
sically about what it was. This simple objective 
highlighted the logic of the reflection problem. 
However, we reach qualitatively similar conclu-
sions if the central bank is interested in manip-
ulating    

_
 a   . In particular, suppose that the central 

bank wanted to minimize

    (κr +  (1 − κ)    
_

 a   − θ)    
2
  

for some  0 ≤ κ ≤ 1 . If  κ = 1  , we have our 
benchmark model. If  κ = 0  , the central bank’s 
action no longer matters. But for  κ > 0  , the 
central bank’s problem will be to choose  λ  to 
minimize

(10)    (1 − κ (1 − λ) )    
2
  (1 − ξ)   2    1 _ α   +  κ   2    (1 − λ)    2    1 _ γ   ,

anticipating that  ξ  will be given by (6) as a func-
tion of  λ .
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II. Points of Contact with Literature

We have highlighted the reflection problem: 
the more weight is given to informative market 
signals, the less informative they become. The 
problem can be understood in the broader context 
of the Lucas Critique (Lucas 1976) or Goodhart’s 
Law given in a lecture in 1975 (Goodhart 1975) 
that any useful statistical measure of the economy 
ceases to be useful if it is adopted as a target.

The reflection problem arises in the monetary 
policy models of Woodford (1994) and Bernanke 
and Woodford (1997). If market signals were 
fully informative, the central bank would want 
to choose policies under which market signals 
would no longer be informative. Svensson and 
Woodford (2004) emphasize that policymakers 
will have an incentive to commit to a policy rule 
because of the reflection problem. Aoki (2006) 
examines the quantitative significance of this 
effect in a monetary policy model. The reflec-
tion problem arises in a wide variety of contexts. 
In Goldstein, Ozdenoren, and Yuan (2011), 
the central bank’s decision to defend its cur-
rency against a speculative attack will depend 
on how much speculation is observed, and this 
dependence renders the speculative activity less 
informative. In Bond and Goldstein (2015), 
the government’s decision to bail out a finan-
cial institute based on market measures of firm 
performance will reduce the informativeness of 
underlying firm performance.

In our model, the central bank announces how 
policy actions will be chosen as a function of 
market and other signals. This is one compo-
nent of forward guidance in practice. Another 
component of forward guidance is direct com-
munication of information. We discussed this 
in Morris and Shin (2002) and Amato, Morris, 
and Shin (2002), and we can use our model to 
discuss this issue also. We focused on the cen-
tral bank’s problem of choosing  λ  to minimize 
(7), subject to  ξ  being given in (6). But suppose 
we fixed  λ  and assumed that the central bank 
could also influence  α —the precision of the 
public information that market participants use 
in selecting their action. Increasing  α  will have 
a direct and an indirect effect. For a fixed  ξ  , an 
increase in  α  will increase the accuracy of the 
CB action. But an increase in  α  will lower  ξ  
and thus the informativeness of the market sig-
nal. Thus increasing  α  will have an ambiguous 
impact on the CB objective.

In the benchmark model of this paper, the 
bank cares only about hitting the target, not 
influencing private sector actions. However, we 
noted in Section IC that similar results would 
hold if the central bank cared about private sec-
tor actions. It is the incentive to target the aver-
age action that gives private sector agents an 
incentive to ignore private signals, creating both 
the reflection problem and the possibility that 
public signals damaged welfare. In Morris and 
Shin (2002), market participants were assumed 
to have a private value of matching others’ 
actions even though it did not have social value. 
See Angeletos and Lian (2016) and Goldstein 
and Yang (2017) for a discussion of this mod-
eling choice and more on the welfare impact of 
information transparency.

We considered a static model with forward 
guidance captured by the conditional policy rule. 
In practice, there is a dynamic process in which 
conditioning on private sector information today 
reduces information revealed tomorrow. Morris 
and Shin (2005) and Amador and Weill (2012) 
discuss dynamic crowding out of private infor-
mation by public information revelation.

III. The Reflection Problem in Practice

A concrete example of the reflection problem 
is the information content of market-implied 
inflation expectations derived from inflation 
swaps. An inflation swap is a financial contract 
where a market participant facing inflation risk 
(such as a defined benefit pension fund) can 
hedge the inflation risk by promising to pay a 
fixed nominal amount per year in return for a 
floating payment that depends on realized infla-
tion. Shin (2017) notes that the inflation swap 
rate began to move in lockstep with the nominal 
bond yield itself, especially after 2014.

One possible explanation for the co-movement 
is that it reflects in part the impact of central bank 
forward guidance. If the central bank lets it be 
known that the inflation swap rate enters future 
monetary policy actions, market participants 
will anticipate easier monetary policy when 
the inflation swap rate falls and chase nominal 
yields down. This type of front-running may be 
so effective that the central bank need not follow 
through with any actions of its own. Signaling its 
contingent plan of action would be enough.

An open question is to what extent the decline 
in nominal yields has made the fixed payments 
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received by inflation sellers more attractive to 
investors who value nominal bond-like payoffs. 
If so, this would be an additional element that 
binds the inflation swap rate with the nomi-
nal rate, and subject the swap rate to the same 
amplification forces that push around the nomi-
nal yield itself.

REFERENCES

Amador, Manuel, and Pierre-Olivier Weill. 2012. 
“Learning from Private and Public Observa-
tions of Others’ Actions.” Journal of Economic 
Theory 147 (3): 910–40.

Amato, Jeffery D., Stephen Morris, and Hyun 
Song Shin. 2002. “Communication and Mon-
etary Policy.” Oxford Review of Economic Pol-
icy 18 (4): 495–503.

Angeletos, George-Marios, and Chen Lian. 2016. 
“Incomplete Information in Macroeconomics: 
Accommodating Frictions in Coordination.” In 
Handbook of Macroeconomics, Vol. 2, edited 
by John B. Taylor and Harald Uhlig, 1065–
1240. Amsterdam: North-Holland.

Aoki, Kosuke. 2006. “Optimal Commitment Pol-
icy under Noisy Information.” Journal of Eco-
nomic Dynamics and Control 30 (1): 81–109.

Bernanke, Ben S., and Michael Woodford. 1997. 
“Inflation Forecasts and Monetary Policy.” 
Journal of Money, Credit and Banking 29 
(4, Part 2): 653–84.

Blinder, Alan S. 1998. Central Banking in Theory 
and in Practice. Cambridge, MA: MIT Press.

Bond, Philip, and Itay Goldstein. 2015. “Gov-
ernment Intervention and Information Aggre-
gation by Prices.” Journal of Finance 70 (6): 
2777–2812.

Campbell, Jeffrey R., Charles L. Evans, Jonas 
D. M. Fisher, and Alejandro Justiniano. 2012. 
“Macroeconomic Effects of FOMC Forward 
Guidance.” Brookings Papers on Economic 
Activity (Spring): 1–54.

Cœuré, Benoît. 2017. “Central Bank Com-
munication in a Low Interest Rate 
 Environment.” Speech at an event organized 
by Bruegel, Brussels, March 31, 2017. http://
bruegel.org/2017/03/central-bank-communi-
cation-in-a-low-interest-rate-environment/.

Goldstein, Itay, Emre Ozdenoren, and Kathy 
Yuan. 2011. “Learning and Complementarities 
in Speculative Attacks.” Review of Economic 
Studies 78 (1): 263–92.

Goldstein, Itay, and Liyan Yang. 2017.”Informa-
tion Disclosure in Financial Markets.” Annual 
Review of Financial Economics 9: 101–25.

Goodhart, Charles A. E. 1975. “Problems of 
Monetary Management: The UK Experience.” 
Discussion paper for Reserve Bank of Austra-
lia Conference in Monetary Economics, July 
1975.

Haldane, Andrew. 2017. “A Little More Conver-
sation. A Little Less Action.” Speech at the 
Federal Reserve Bank of San Francisco Mac-
roeconomics and Monetary Policy Confer-
ence, San Francisco, March 31, 2017.

Hayek, F. A. 1945. “The Use of Knowledge in 
Society.” American Economic Review 35 (4): 
519–30.

Lucas, Robert. 1976. “Econometric Policy Eval-
uation: A Critique.” In The Phillips Curve and 
Labor Markets, edited by K. Brunner and A. H. 
Meltzer, 19–46. Amsterdam: North Holland.

Morris, Stephen, and Hyun Song Shin. 2002. “The 
Social Value of Public Information.” American 
Economic Review 92 (5): 1521–34.

Morris, Stephen, and Hyun Song Shin. 2005. 
“Central Bank Transparency and the Signal 
Value of Prices.” Brookings Papers on Eco-
nomic Activity 2: 1–66.

Samuelson, Paul. 1994. “Panel Discussion.” In 
Proceedings of a Federal Reserve Bank of Bos-
ton Conference, edited by Jeffrey C Fuhrer. 
Boston: Federal Reserve Bank of Boston.

Shin, Hyun Song. 2017. “Can Central Banks Talk 
Too Much?” Speech at the ECB Conference on 
Communications Challenges for Policy Effec-
tiveness, Accountability, and Reputation.” 
Frankfurt, November 14, 2017.

Svensson, Lars, and Michael Woodford. 2004. 
“Indicator Variables for Optimal Policy under 
Asymmetric Information.” Journal of Eco-
nomic Dynamics and Control 28 (4): 661–90.

Woodford, Michael. 1994. “Nonstandard Indica-
tors for Monetary Policy: Can Their Usefulness 
Be Judged from Forecasting Regressions?” 
In Monetary Policy, edited by N. Gregory 
Mankiw, 95–115. Chicago: University of Chi-
cago Press.

http://bruegel.org/2017/03/central-bank-communication-in-a-low-interest-rate-environment
https://pubs.aeaweb.org/action/showLinks?doi=10.1257%2Fpandp.20181081&system=10.1257%2F000282802762024610&citationId=p_16

	Central Bank Forward Guidance and the Signal Value of Market Prices
	I. Model
	A. The “Reflection Problem”
	B. Optimal Weight on Market Signal
	C. Variations

	II. Points of Contact with Literature
	III. The Reflection Problem in Practice
	REFERENCES




