
Technical Annexes for ‘Monetary Policy Rules for an Open Economy’
by Nicoletta Batini, Richard Harrison and Stephen Millard

Annex A: First order conditions

Following the discussion of the model in sections 2.1-2.3 of the main text, here we
consider the problems facing agents in each of sector in turn.

Households

Household j∈(0,1) solves the following problem:
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where the variables are defined as in the text.  The household chooses cM, cN , Ω, M, B,
b(s) and Bf  to solve the maximisation problem.

To solve this problem we substitute the definitions of aggregate consumption and the
aggregate price level into the utility function, the budget constraint and the definition of



‘money’ (A2).  We let the Lagrange multipliers on these two constraints be denoted

λ1 and λ2, respectively.  Suppressing the j index throughout, we differentiate to get:
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The choice of the nominal wage discussed in section 2.3.2.  The first order condition is:
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Equation (A12) features the real marginal utility of consumption, 1Λ , which is related to

the marginal utility of nominal consumption in a simple manner: 11 λP=Λ .  This is

discussed in more detail below.

Non-Traded Sector

As described in section 2.3.1 producer k∈(0,1) in the non-traded sector choose prices to
solve the following problem.
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The first order condition is:
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The real unit cost, V, in units of final consumption is given by:
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The first order conditions to this problem imply that:
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for all k∈(0,1) at all dates t.  Because non-traded producers are price takers in the factor
market, the equilibrium ratio of intermediates to labour is constant across firm in this
sector:
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The constancy of the intermediate:labour ratio implies that the aggregate output in the
non-traded producers is given by:
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The minimised unit cost for all firms in the non-traded sector is found to be:
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Export sector

As described in section 2.2.2 exports are produced using a Cobb-Douglas technology:
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Efficient production implies that factor demands are given by:
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Export demand is:
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Intermediate goods sector

Producers in both the non-traded and export sectors purchase imported intermediates
from retailers who solve a pricing problem described in section 2.3.1.  The first order
condition is:
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Final imports sector

The first order condition for the pricing problem of retailers of final imported goods is
given by:
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Government

The government operates monetary policy by setting nominal interest rates according to a
rule (described below) and prints as much money as is demanded at this level of nominal
interest rates.  Any seignorage revenue is distributed as a lump-sum transfer to
consumers.  For simplicity, we assume a zero supply of domestic bonds.  Hence:
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Market Clearing

We have the following market clearing conditions in factor markets, goods markets and
asset markets:
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Net foreign assets

The evolution of net foreign assets can be found by evaluating the household’s budget
constraint (A2) at market equilibrium and then aggregating across households.  As
discussed in section 2.4, the net foreign asset position (under our assumptions this is
equal to the domestic holdings of foreign bonds) is non-stationary.  To deal with this
problem we do not include this equation in our system.  Instead we use the equation to
substitute foreign bond holdings out of the definition of ‘money’ (A3).

Annex B: Flexible-price steady state

We use the following notation.  Variables without time subscripts are the steady state
values.  Lower case letters represent nominal variables expressed relative to the CPI (we
also define the real value of foreign bond holdings as bf=Bf/eP).  We express nominal
variables relative to the general price level in order to solve for steady state variables that
are not trended (in steady state all nominal variables will follow the same trend path).  In

addition, the Lagrange multipliers 1λ  and 2λ  are homogenous of degree -1 so we scale

them by the CPI, to give stationary multipliers 11 λP=Λ  and 22 λP=Λ .  Throughout we

use the real exchange rate definition, 
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To construct a steady state, we first assume that all domestic nominal variables are
growing at an annual rate of 2.5%.  This means that, in steady state, the government is
meeting an inflation target of 2.5%.  For simplicity, we also assume that the steady state
growth of foreign nominal variables is 2.5%.  The implied steady state value of nominal
interest rates at home and abroad will be given by:
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In what follows, we use equations (A23) and (A27) before evaluating the steady state.
We assume that steady state taxes are set to exactly offset steady state dividends.  Finally,
we choose a flexible price equilibrium so that, although price setters retain some
monopoly power, they simply set prices as a mark up over unit costs.

Then, the first order conditions imply the following equations defining steady state values
of the variables:
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Annex C: A log-linear representation of the model

To solve the model we log- linearise the first order conditions of the model around the
non-stochastic steady state defined by equations (A27) to (A48).  As described in the
main text we use (A2) evaluated at market equilibrium to substitute foreign bond
holdings out of the model.  As in Annex 2, we also substitute out for taxes, transfers and
dividends.  Log- linearising the consumers’ first order conditions (equations (A5) to
(A10)) gives us:

( )( )

( )( ) ( )( ) 1

2

,,,111

ˆ
11

ˆ
11

1
1                                                            

ˆ
1

1ˆˆ
1

ˆ
11

−

++

−−
−











−−

+
−−

+
−

−+Λ=







−

−
−−

tt

tMttMtttt

cc

cpcE

ξβξ
ξ

ξβξ

βξ

ν
βξ

ν
βξ

βξ
ξβξ

βξ

(A49)

( )( )

( )( ) ( )( ) 1

2

,,,111

ˆ
11

ˆ
11

1
1                                                         

ˆ
1

1ˆˆ
1

ˆ
11

−

++

−−
−











−−

+
−−

+
−

−+Λ=







−

−
−−

tt

tNttNtttt

cc

cpcE

ξβξ
ξ

ξβξ

βξ

ν
βξ

ν
βξ

βξ
ξβξ

βξ

(A50)



t

tttttt iiE

,2
21

2

,1
21

1
1,2

21

2
1,1

21

1
1

ˆ                                                                         

ˆ)(ˆˆˆ

Λ
Λ+Λ

Λ
−

Λ
Λ+Λ

Λ
−−=








Λ

Λ+Λ
Λ

−Λ
Λ+Λ

Λ
− +++π

(A51)

tt

ttftfttttt qiiqE

ζ

π

+Λ
Λ+Λ

Λ
−

Λ
Λ+Λ

Λ
−+−=








Λ

Λ+Λ
Λ

−Λ
Λ+Λ

Λ
−+ ++++

,2
21

2

,1
21

1
,1,2

21

2
1,1

21

1
1

*
1

ˆ                                                                                  

ˆˆ)(ˆˆˆˆ

(A52)

0ˆˆ
,2 =+Λ tt ωε (A53)

tttttE ,11,2
21

2
1,1

21

1
1

ˆˆˆˆ Λ=







Λ

Λ+Λ
Λ

−Λ
Λ+Λ

Λ
− +++π (A54)

where for any variable x, 
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x
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x tlnˆ  where x is its steady state value and ζ is an

exogenous ‘foreign exchange risk premium’ shock.

The definition of Ω (equation (A3)) becomes:
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The definitions of consumption and the price indices are:

tNtMt ccc ,, ˆ1(ˆˆ )−+= γγ , (A56)

tNtM pp ,, ˆ1(ˆ0 )−+= γγ . (A57)

Wage setting is given by the following two equations (the derivation follows Erceg et al
(1999, p25)).
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Pricing decisions by non-traded goods producers are described by:
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Efficient production by non-traded producers implies that:
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The first order conditions for export producers become:
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Export production is given by:
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Export demand can be written as:
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Pricing of intermediates is described by:
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Pricing of final imports is described by:
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The relevant market-clearing conditions can be written as:
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Together with some obvious lag identities and log- linearised definitions (for example the
GDP identity) the model can be cast in the form of equations (22) and (23) in the main
text.  The calibration of the forcing processes is described in section 3.2 of the main text.


