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APPENDICES

A The Model

A.1 Household Maximization

There is a continuum of households indexed by h across the unit interval. Each household maxi-

mizes its intertemporal utility function,

Uh;t = Et

1X
s=t

�s�t

(
ln (ch;s)�

l1+�h;s

1 + �

)

where ch;t is the household�s real consumption of the composite good, yt, and lh;t is its di¤erentiated

labour supply. I consider a cashless economy in which households can transfer their wealth from one

time period to another by holding government bonds, bh;t, or investing in capital, kh;t. Government

bonds are one period, paying a pre-announced gross nominal return of (1+Rbt). Capital is bought

at the price Pt and has a rental return Rkt each subsequent period. Capital depreciates at the rate

� and there is a capital adjustment cost. Hence, each household faces the budget constraint:

kh;tR
k
t + bh;t(1 +R

b
t) + lh;tWh;t = ch;tPt + ih;tPt + bh;t+1

and the law of motion of capital is given by:

kh;t+1 = (1� �) kh;t + ih;t �
�

2

�
ih;t
kh;t

� �
�2
kh;t

where the �nal term represents the cost of capital adjustment.

Due to nominal rigidities in the labour market, only a proportion of households, (1� !), are

free to adjust their wage. They choose the wage which maximizes their utility across the states of

nature for which that wage rate will hold. The remainder of the households simply update their

last period wage by the steady state gross in�ation rate, (1 + �).

Households sell their di¤erentiated labour in a monopolistically competitive market to a per-

fectly competitive bundler. The bundler combines the labour of the various households into aggre-
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gate labour which is employed by the �rms. The bundling technology is a Dixit-Stiglitz aggregator:

lt =

24 1Z
0

l

�1



h;t dh
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�1

The bundler�s cost minimization implies that each household faces the following demand for their

labour service:

lh;t =

�
Wh;t

Wt

��

lt

Households which are free to optimize in period t choose the wage rate, W �
h;t, which maximizes

utility across the states of nature for which that wage rate will hold, subject to the labour demand

curve, the budget constraint and the law of motion of capital. In other words, it maximizes:

Et
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When wages are fully �exible (i.e. ! = 0 and Wt =W
�
h;t) this reduces to W

�
h;t =




�1

l�t
�h;t

. In other

words, the wage is a mark up over the disutility of work.

The aggregate wage is given by:

Wt =

24 1Z
0

W 1�

h;t dh
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A.2 Firm Optimization

There is a continuum of retail �rms indexed by f across the unit interval. Each �rm hires bundles

of labour at the aggregate wage rate, Wt. They hire capital from the households in a perfectly

competitive factor market at the rental rate of capital, Rkt . The �rms make the decision of how

much labour, lf;t, and how much capital, kf;t, to employ; and thus how much output to produce,

yf;t. They sell their output in a monopolistically competitive market at the price, Pf;t, and are

constrained by production technology.

Each �rm chooses an input mix to maximize pro�ts:

yf;tPf;t � kf;tRkt � lf;tWt

subject to its production function:

yf;t = ztk
�
f;tl

(1��)
f;t

Note that the technology, zt, is common across all �rms. It is assumed to follow a simple stochastic

autoregressive process:

ln (zt) = % ln (zt�1) + "t "t � N (0; �")

The �rm�s optimal inputs are:

lf;t =
(1� �)yf;tPf;t

Wt

kf;t =
�yf;tPf;t
Rkt

When �rms charge di¤erent prices, the optimal level of inputs varies across �rms. However, the

optimal capital to labour ratio is constant across �rms:

kf;t
lf;t

=
�

(1� �)
Wt

Rkt

Because of this symmetry, marginal cost is also constant across �rms. It can be derived as:

MCf;t =
W 1��
t Rk

�

t

zt��(1� �)(1��)
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Calvo-type nominal rigidities in the goods market, entail that in each period only a randomly

chosen fraction, (1��), of the �rms are free to reset their prices. These �rms set new prices taking

their respective demand curves as given. The remainder of the retail �rms cannot reoptimize, but

adjust their price by the steady state in�ation, (1 + �).

If a �rm has the opportunity to reset its price then it chooses the new price, P �f;t. The general

price level is:

Pt =

24 1Z
0

P 1��f;t df

35
1

1��

=

" 1X
i=0

(1� �)�i
�
�iP �f;t�i

�1��# 1
1��

=
h
(1� �)P �

1��

f;t + ��1��P
1��

t�1

i 1
1��

I assume the arti�ce of a perfectly competitive goods bundler employing Dixit-Stiglitz technol-

ogy. Each individual �rm, therefore, faces the demand curve:

yf;t =

�
Pf;t
Pt

���
yt

In periods when the �rm gets the opportunity to choose a new price, it chooses the price which

maximizes its expected discounted future stream of pro�ts across the states of nature for which

that price will hold. In other words, it maximizes:

Et

1X
s=t

(��)s�t
�s
�t

�
ysP

�
s

n
(1 + �)

s�t
P �f;t

o1��
� TCf;s

�

This yields the optimal price:

P �f;t =
�

� � 1

Et
1P
s=t
(�� (1 + �)

��
)s�t�sP

�

s ysMCf;s

Et
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(�� (1 + �)

1��
)s�t�sP

�

s ys

In other words, the �rm sets the price so that its expected value is equal to a mark up, �
��1 , over

expected marginal cost. In the case of no price stickiness (i.e. � = 0), P �f;t =
�
��1MCf;t. This is

the standard result that under monopolistic competition �rms set price as a mark up over marginal
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cost.

A.3 Aggregation

For tractability, full contingent claims markets are assumed. Given the ex-ante homogeneity of

the households, this ensures that consumption and wealth are constant across all households.

E¤ectively, risk averse households will insure against not being able to adjust their wage rate.

Hence, ch;t = ct 8h and �h;t = �t 8h.

It also entails that all households which are free to optimally set their wage in a given period

are in exactly the same position and will choose the same wage, W �
h;t =W

�
t 8h.

Firms which are free to set their optimal price are also all in identical positions, and so P �f;t =

P �t 8h. Furthermore, I have already shown that marginal cost and the capital to labour ratio are

the same across all �rms.

Given that an individual �rm�s demand and supply must be equal, and then integrating across

all �rms:

yf;t = ztk
�
f;tl

(1��)
f;t = P �t P

��
f;t yt

1Z
0

ztk
�
f;tl

(1��)
f;t df =

1Z
0

P �t P
��
f;t ytdf

1Z
0

zt

�
kf;t
lf;t

��
lf;tdf =

1Z
0

P �t P
��
f;t ytdf

zt

�
kt
lt

�� 1Z
0

lf;tdf = ytP
�
t

1Z
0

P��f;t df

yt =
ztk

�
t l
(1��)
t

pdt

where pdt = P
�
t

1Z
0

P��f;t df

In other words, aggregate output is a decreasing function of price dispersion, pdt.
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A.4 Asset Prices

The behavioral model of asset price determination is explained in section 3 above. The fundamen-

talist forecast in that model is premised on the fundamental asset price, q�t . This is de�ned as the

asset price that would pertain to a world with rational expectations. It is the discounted sum of

all future rental payments to capital:

q�t = Et

1X
s=t+1

�s�t
�s
�t
rks

Alternatively, this can be expressed as the discounted value of the sum of the next period rental

payment and fundamental price:

q�t = Et�
�t+1
�t

�
rkt+1 + q

�
t+1

�
(11)

A.5 The Government

The government sets the nominal interest rate according to a Taylor rule which includes a response

to the most recent asset mis-pricing:

Rbt+1 = r
b� +�t + �� (�t ���) + �Y ln

�
yt
y�

�
+ �Q ln

�
qt�1
q�t�1

�

The response is to the asset mis-pricing in period t � 1 because we are in a world in which

asset prices cannot easily be predicted. In rational models, policy can react to current variables,

which in turn depend upon policy, because all variables are determined simultaneously. There is

an implicit assumption that agents costlessly form entire response functions and costlessly and

instantaneously adjust their trading volumes in response to price signals. This is inconsistent with

the essence of behavioral economics. In the behavioral world, the government cannot perfectly

anticipate how private agents will respond to its policy prescriptions. Hence, the simultaneous

realization of monetary policy and asset prices is not within the spirit of a behavioral model.

Equivalently, a solution method for such a system of equations would require the imposition of

some concept of rational consistency. The Taylor rule that is most compatible with the spirit of

behavioral modelling, therefore, is one in which the monetary authorities react to the mis-pricing
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from the previous period.

The aim in this paper is to assess whether the central bank should take account of asset prices in

setting monetary policy. I will do this by comparing the welfare e¤ects of various parameterizations

of the weight on the asset price, �Q.

A.6 Welfare

I use a strictly utilitarian notion of welfare, de�ning it as aggregate utility:

Ut =

Z 1

0

Uh;t dh

= Et

1X
s=t

�s�t

(Z 1

0

ln (ch;s) dh�
R 1
0
l1+�h;s dh

1 + �

)

Given the assumption of complete contingent claims markets, consumption is constant across all

households. Therefore, the aggregate (or average) utility derived from consumption is just the

same as the utility of consumption for any individual household. However, given price stickiness,

�rms employ di¤erent amounts of labour from di¤erent households, and so the aggregate disutility

of labour is not straightforwardly related to the disutility of an individual household. I calculate

it as follows:

R 1
0
l1+�h;s dh

1 + �
=

R 1
0

�
W 

t W

�

h;t lt

�1+�
dh

1 + �

=
l1+�t

1 + �
wdt

where wdt =W

(1+�)
t

R 1
0
W

�
(1+�)
h;t dh is a measure of wage dispersion.

Therefore, welfare is given by:

Ut = Et

1X
s=t

�s�t
�
ln (cs)�

l1+�s wds
1 + �

�

We can clearly see that nominal rigidities have an adverse e¤ect on welfare. Wage dispersion

directly increases the aggregate disutility of work. Price dispersion, on the other hand, indirectly

reduces welfare by reducing aggregate output, and hence consumption.
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B Preliminary Analysis of the Dynare sub-model

The dynare sub-model consists of:

1. A set of �rational� equations which is made up of the household and �rm optimizations,

production constraint, market clearing conditions, monetary policy rule, welfare de�nition

and the rational asset pricing equation 11.

2. A set of �behavioral�equations that is made up of exactly the same features except:

� the asset price, qBt , is set equal to its fundamental value (the asset price from the

�rational�equations, q�Rt ) plus an �asset price shock�term, "qt .

� the expected future asset price, qBFt , is set equal to its fundamental value (the expected

future asset price from the �rational�equations, Etq�Rt+1) plus an �expected asset price

shock�term, "qFt .

� the return on capital is derived from the asset price and expected future asset price via

equation 8.

The variables in this part of the model are denoted with a B superscript. Note that the

expected future asset price, qBFt , is not a rational expectation of the value that the asset

price, qBt , will take in the next period. This is where the lack of rationality enters the model,

and it permeates the �behavioral�equations by biasing the expected return on capital:

Etr
kB
t+1 =

qBt
�

�Rt
Et�

B
t+1

� qBFt

3. A standard productivity process.

In this way, I have two, almost distinct, sets of equations. The �rational� set, along with

the productivity process, constitute an independent model in which all expectations are formed

rationally. These equations do not depend upon the �behavioral�equations in any way, and can

be solved separately. The �behavioral�equations, on the other hand require the fundamental asset

price and rationally expected future asset price as pre-determined inputs if they are to be solved.

The dynare sub-model can be solved to provide a set of functions which determine how that

model�s variables depend on predetermined variables and the four dynare �shocks�: the asset price
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�shock�, "qt ; the expected asset price �shock�, "
qF
t ; the policy response, "

MP
t ; and the productivity

shock, "t. In this way I get functions which I can iterate to �nd the time paths of variables in the

model, once I have determined the size of the �shocks�. These are determined by the behavioral

sub-model, the Taylor rule and the productivity process.

Here, I present and brie�y analyze the impulse responses to all four �shocks� in the dynare

sub-model.

Figure 6: Impulse responses to a 1% productivity shock (i.e. "1 = 0:01)

Figure 6 shows the responses of some key variables to a 1% productivity shock, with an auto-

regressive component, %, of 0.95. Given that there are no asset price �shocks�, the behavioral

variables in dynare follow exactly the same path as their �rational�counterparts. The direct e¤ect

of the increase in productivity increases output, y, by 1% in period 1. Output actually rises by

more than this because the productivity shock also a¤ects the employment of capital and labour.

It increases the productivity of both capital, k, and labour, l, which in turn lead to increases in

investment and the demand for labour. The increase in permanent income drives up consumption,
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c, and reduces the supply of labour. In the periods immediately following the shock, the expansion

in demand for labour outweighs the contraction in supply, but this is eventually reversed with

the quantity of labour falling below its steady state value from around period 5. Discreet period

utility, v, is driven mainly by changes in consumption, which are of an order of magnitude greater

than the changes in labour. Initially, the return on capital and expected future return on capital

are driven up by the productivity shock as the employment of labour increases rapidly, and the

accumulation of capital lags behind. By period 9, however, su¢ cient capital has been accumulated

so that the returns to capital have fallen back below their steady state level, as productivity falls

back towards its steady state level. The asset price, q, shoots up in response to the productivity

shock and gradually falls back to its steady state level. This is perfectly anticipated (see Etqt+1)

since there are no other shocks after period 1.

Figure 7: Impulse responses to a 1% shock to the current asset price (i.e. "q1 = 0:01)
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Figure 8: Impulse responses to a 1% shock to the expected future asset price (i.e. "qF1 = 0:01)

Figure 7 shows the response to a transitory 1% shock to the current asset price, whilst �gure 8

shows the response to a transitory 1% shock to the future expected asset price. These represent the

biases to the asset price that are determined within the behavioral model. In the dynare model,

they have no direct e¤ect on the �rational�variables4 . These two shocks do not occur in isolation in

the full dynamic simulations of the model that we will discuss later, but for now we will consider the

impulse responses separately. A positive shock to the current asset price discourages investment,

boosting consumption and reducing labour supply in period 1. The under-accumulation of capital

reduces output and consumption in subsequent periods.

A positive shock to the future expected asset price has the e¤ect of increasing labour supply

and reducing consumption in order to fund investment in capital, which is brought forward in

anticipation of an over-pricing of capital in the next period. This drives down present period utility.

4However, it is worth noting that they do a¤ect the accumulation of capital in the full model, and hence a¤ect the
initial conditions for subsequent time periods. In this way, these shocks do have an e¤ect on future fundamentals.
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Intertemporal utility increases, though it is important to note that this is ex-ante intertemporal

utility. In e¤ect, we have a shock to expectations which is a wedge between ex-ante and ex-post

returns to capital and which also drives a wedge between ex-ante and ex-post intertemporal utility.

In fact, by the time agents reach period 2 and recognize their mistaken beliefs in period 1, they

have already accumulated extra capital which advantages them in period 2 and henceforth, though

not to the extent that they had anticipated in period 1.

Figure 9: Impulse responses to a 1% shock to the Taylor rule (i.e. "MP
1 = 0:01)

Figure 9 shows the response to a 1% transitory shock to the Taylor rule. As with the produc-

tivity shock, the monetary policy �shock�in isolation does not cause the rational and behavioral

variables in the dynare model to diverge - it a¤ects the equivalent variables in exactly the same

way. If the nominal interest rate is set above its steady state value then, in the presence of price

rigidities, the real return to bond-holding increases and agents substitute out of capital and into

bonds. The decrease in capital reduces the marginal productivity of labour, and hence labour falls.
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A fall in output, consumption and utility ensues.

C Parameters for the Benchmark Model

Intertemporal discount factor: � = 0.99
Elasticity in the goods aggregator: � = 7.00
Work disutility coe¢ cient = 1 + �; � = 3.00
Probability Calvo fairy does not visit price setter: � = 0.67
Probability Calvo fairy does not visit wage setter: ! = 0.75
Inertia in productivity shock: � = 0.95
Elasticity in the labour aggregator: 
 = 7.00
Depreciation rate: � = 0.025
Coe¢ cient in adjustment cost for investment: � = 8.00
Share of capital in the production function: � = 0.25
Chartist rule parameter: �c = 0:99

1:99
Fundamentalist rule parameter: �f = 0.50
Uncertainty bound in fundamentalist rule: C = 0.00
Propensity to switch between forecasting rules: � = 3.75
Taylor rule weight on in�ation: �� = 2.02
Taylor rule weight on output gap: �Y = 0.184
Taylor rule weight on asset mis-pricing: �Q = various
Standard deviation of productivity shock: �� = 0.0086

D Robustness Tests

Table 2: Utility cost of various Taylor rules in the model with no switching between forecasting
rules

Di¤erence compared to benchmark model: � = 0
Utility cost versus Performance

�Q rational model relative to �Q = 0
(% a g e p e rm a n e n t c o n s um p t io n ) (% a g e b ia s c o r r e c t e d )

0.00 -0.184 % 0.0 %
0.05 -0.197 % -6.6 %
-0.05 -0.173 % 6.2 %
0.10 -0.211 % -14.6 %
-0.10 -0.163 % 11.8 %
0.50 -0.412 % -123.2 %
-0.50 -0.111 % 39.9 %
1.00 -1.642 % -790.5 %
-1.00 -0.101 % 45.5 %
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Table 3: Utility cost of various Taylor rules in the model with rapid switching between forecasting
rules

Di¤erence compared to benchmark model: � = 100
Utility cost versus Performance

�Q rational model relative to �Q = 0
(% a g e p e rm a n e n t c o n s um p t io n ) (% a g e b ia s c o r r e c t e d )

0.00 -0.233 % 0.0 %
0.05 -0.186 % 20.2 %
-0.05 -0.293 % -25.6 %
0.10 -0.165 % 29.5 %
-0.10 -0.358 % -53.4 %
0.50 -3.815 % -1534.4 %
-0.50 -0.595 % -154.9 %
1.00 NA % NA %
-1.00 -0.895 % -283.6 %

Table 4: Utility cost of various Taylor rules in the model with a 1 percent uncertainty bound
around the fundamentalist forecast

Di¤erence compared to benchmark model: C = 0:01
Utility cost versus Performance

�Q rational model relative to �Q = 0
(% a g e p e rm a n e n t c o n s um p t io n ) (% a g e b ia s c o r r e c t e d )

0.00 -0.163 % 0.0 %
0.05 -0.176 % -7.9 %
-0.05 -0.153 % 6.4 %
0.10 -0.190 % -16.3 %
-0.10 -0.143 % 12.5 %
0.50 -0.373 % -129.1 %
-0.50 -0.097 % 40.2 %
1.00 NA % NA %
-1.00 -0.114 % 30.3 %

Table 5: Utility cost of various Taylor rules in the model with a 10 percent uncertainty bound
around the fundamentalist forecast

Di¤erence compared to benchmark model: C = 0:1
Utility cost versus Performance

�Q rational model relative to �Q = 0
(% a g e p e rm a n e n t c o n s um p t io n ) (% a g e b ia s c o r r e c t e d )

0.00 -0.130 % 0.0 %
0.05 -0.190 % -46.0 %
-0.05 -0.090 % 30.5 %
0.10 -0.285 % -119.2 %
-0.10 -0.063 % 51.5 %
0.50 NA % NA %
-0.50 -0.004 % 97.0 %
1.00 NA % NA %
-1.00 -0.059 % 54.4 %
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