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1. Introduction

a recurrent theme in the empirical literature has 
been the identification of monetary policy 
shocks through Var techniques. the main strat-
egy in many of these papers has been the de-
composition of the variance matrix of distur-

bances estimated from a Var on output, prices, 
a short term interest rate and other policy vari-
ables like the level of reserves. a common prac-
tice is to use a lower triangular decomposition 
with the short term rate ordered after output and 
prices. this way, the interest rate equation has 
the form of a taylor rule and its disturbance is 
identified as the monetary policy shock.

Monetary policy shocks are used in empirical 
work to gauge the role of monetary disturbanc-
es in the existence and propagation of business 
cycles. because these shocks are a measure of 
the central bank’s exogenous changes in policy 
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they also allows us to distinguish between the 
exogenous behavior of the central bank and its 
endogenous responses to fluctuations in output 
and prices. the distinction between exogenous 
and endogenous behavior of the central bank 
provides the basis to forecast future changes in 
the monetary policy stance and to evaluate its 
performance. thus, identifying correctly mon-
etary policy shocks has important implications 
for macroeconomic analysis.

in this paper we construct a dSge model and 
use it as the data generating process to evaluate 
the ability of triangular schemes to recover the 
structural shocks. to get a feeling about the is-
sues involved consider the way monetary policy 
is conducted in the model. at the beginning of 
each period the central bank sets the level of 
high powered money via open market opera-
tions. the interest rate is determined later in the 
period depending on the supply and demand for 
reserves. the supply of reserves in the market 
may be affected by random changes in cash 
withdrawals by the public and/or transfers of 
reserves by the treasury not compensated by 
the central bank. the demand for reserves may 
be shifted by variations in the demand for de-
posits by the clients of the bank due to technol-
ogy and demand shocks affecting economic 
activity. Hence, the model specifies how the in-
terest rate deviates from its expected value. We 
show how these deviations are a function of all 
fundamental shocks in the economy.

Coleman, gilles and labadie (1996) build a 
similar model of the reserve market but do not 
consider cash holdings nor autonomous factors 
like the treasury. they use their model to study 
liquidity effects and show that for this purpose 
the distinction of borrowed and non-borrowed 
reserves is sterile. building on their result, we 
do not model explicitly the discount window.1

two features of this model deserve further 
attention. First, the assumption that firms have 
to finance their wage bill by bank lending opens 

a “cost channel” for monetary policy to affect 
real variables: a change in the interest rate alters 
the amount of hours worked, and hence produc-
tion and consumption.2 the mechanism that 
reduces the interest rate after an expansionary 
open Market operation arises directly from the 
assumption of i.i.d. shocks that we are going to 
rationalize below. With i.i.d. shocks the euler 
equation reduces to a contemporaneous nega-
tive relation between the interest rate and con-
sumption expenditures, the latter being affected 
directly by a monetary injection. Hence, to gen-
erate a monetary non-neutrality we don’t have 
to rely on sticky prices or a limited participation 
of agents in asset markets.3 the assumption of 
i.i.d. shocks in an environment of zero money 
growth and the need of firms to finance their 
factor remunerations before they get the receipts 
from selling their product is sufficient to let 
monetary policy affect economic activity.

Second, the model includes several funda-
mental shocks interpretable from a theoretical 
perspective. We show how several of these 
shocks can be interpreted as “monetary policy 
shocks” in the sense of generating the respons-
es usually associated with these type of distur-
bances. these responses imply an increase in 
output and prices together with a reduction on 
interest rates following an unforeseen monetary 
expansion. an econometrician using data gener-
ated by the model would not be able to distin-
guish between shocks originated at the central 

1 Further differences are that they impose a limited par-
ticipation structure and specify monetary policy as a con-
ventional feedback rule for the interest rate; their firms 
borrow to finance capital and not the wage bill as in our 
model, and demand deposits pay interest – a feature that is 
not very much in line with the whole time period we con-
sider for the calibration.

2 Although empirical evidence from estimated DSGE 
models is mixed (see e.g. Rabanal (2003), (2007), Chowd-
hury et al. (2006), Ravenna and Walsh (2006)), Barth and 
Ramey (2001) find strong empirical support for the ex-
istance of a cost channel in industry data, as do Gaiotti and 
Secci (2004) using balance sheet and pricing data from 
2000 italian firms.

3 Apart from the timing of the savings decisions (the lim-
ited participation in asset markets assumption) our model 
shares many features with limited participation models. As 
in most of Lucas’ (1990) paper we restrict ourselves to the 
case of zero money growth, assuming a lumpsum tax that 
counteracts the effect of anopenmarket operation on mon-
eygrowth, andtreat, thus, only pure liquidity effects. We 
share with Fuerst (1992), Christiano and Eichenbaum 
(1992) and Christiano et al. (1997) the need of firms to 
finance their working capital, i.e. their wage bill, by bank 
lending, but we consider only the case of a fix capital stock. 
All of these models do not consider a fractional reserve 
banking system, and money injections are either through 
bond sales of households as in Lucas (1990), or by transfers 
to the bank’s net worth.
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bank when supplying reserves through open 
market operations from other fundamental mon-
etary shocks, such as changes in the cash to de-
posit ratio, not compensated by the central 
bank.

all our fundamental shocks affect all endog-
enous variables contemporaneously. For us, the 
contemporaneous nature of the relation between 
endogenous variables is of crucial importance 
for the way we interpret and identify monetary 
shocks. this is because the variance covariance 
matrix of estimated residuals has been exten-
sively used in the literature to identify monetary 
policy shocks in the data. We provide an exam-
ple to illustrate how an incorrect identification 
restriction can lead to wrong inferences about 
the nature of the monetary transmission mecha-
nism. in particular, we show that the use of tri-
angular identification schemes with data gener-
ated by the model can lead to the estimation of 
a taylor rule with a random term which is usu-
ally labelled a “monetary policy shock” even 
when the central bank in our economy does not 
follow any feedback rule.

the paper is organized as follows. in section 
2 we present the model. in section 3 we illus-
trate how the model works and solve for the 
policy functions. in section 4 we present a sim-
ple example with the implications of the model 
for the identification of shocks. Finally, section 
5 concludes.

2. The Model

2.1 The setup

in this model economy there are four different 
types of agents: a continuum of households in 
the unit interval, competitive firms, competitive 
banks, and a government. all households are 
identical and composed of a consumer and a 
worker. each household ranks stochastic streams 
of consumption (ct) and labor supply (nt) ac-
cording to the utility function

(1) 

government. All households are identical and composed of a consumer and a
worker. Each household ranks stochastic streams of consumption ( ) and labor
supply ( ) according to the utility function
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Households begin each period with nancial wealth deposited at the
bank. The timing of events is as follows. Shocks are realized at the beginning
of the period. After shocks are known, households take their decisions and the
di erent members fulll their accorded tasks. Workers supply units of labor
at a nominal wage rate . Their wage income is transferred by the rm
where they are employed to their household’s bank current account. Then the
consumer transfers an amount to an illiquid savings account at his bank.
The remaining funds at the current account represent the liquid assets of the
household.

The consumer’s purchases of goods are subject to the nance constraint

(3) +

with is the household’s liquid assets and is the nominal price of con-
sumption goods. The household splits these liquid assets between cash, , and
checkable deposits, . Hence,

(4) = +

Notice that the aggregate of corresponds to the denition of 1. To simplify
matters we assume that the currency-to-deposit ratio is determined exogenously
by the random variable , that is:

(5) =

Using (3) and (4), (5) yields

(6) =
+
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Thus, the household pays the fraction 1 (1+ ) of total consumption spending
with deposits and the fraction (1 + ) with cash.4

The household pays lump-sum taxes, , and receives all its non-labor
income at the end of the period. It earns interest at rate on the amount in

4Of course, given the rate of return dominance of other assets, liquid assets are only held
for transaction purposes and depleted totally within the period.
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the household pays lump-sum taxes, Pttt, 
and receives all its non-labor income at the end 
of the period. it earns interest at rate it

s on the 
amount St in its savings account. the funds in 
the deposit account earn no interest. Finally, as 
the owner of one of the representative banks and 
firms it collects the profits Pt

F + Pt
B. Hence, the 

financial wealth of the household evolves as:

(7) 

its savings account. The funds in the deposit account earn no interest. Finally,
as the owner of one of the representative banks and rms it collects the prots
+ . Hence, the nancial wealth of the household evolves as:

(7) +1 = + + (1 + ) + +

The problem of the household is to choose sequences for consumption, , labor
supply, , and savings, , to maximize its utility (1) given prices and subject
to constraints (3), (4), (6) and (7).

Firms produce using labor ( ) through the production function

(8) = ( ) = ( )1

where is a technology shock and is productive government expenditures
which rms take as given.5 Producers start each period with no nancial funds.
Since they have to pay their wage bill in advance, producers ask for a loan, ,
from a bank at the interest rate . Loans are assumed to be default free. These
wages are transferred to the checking account of workers at the beginning of the
period. The problem of the rm is then to choose labor, , to maximize prots

= ( ) (1 + )

given prices.

Banks are in the business of providing deposits to households and inter-
mediating liquid assets between consumers and producers. They also hold the
nancial assets of the economy from one period to the other. The liability side of
their balance sheets is comprised of savings deposits, , and checkable deposits
of households, . Banks hold assets in the form of reserves, , government
bonds, , and loans to rms, . Thus,

(9) + + = +

The return on government bonds is . Reserves earn no interest. Banks demand
them because they are subject to a reserve requirement by which they have to
hold a fraction of private checking deposits, , as reserves,

(10) ×

Prots of banks are given by:

(11) = +

The problem of the bank is to determine the composition of assets and liabilities
to maximize prots given prices.

5Here, we assume capital to be xed at 1. Prots of rms, which represent capital’s
remuneration, are transferred to households at the end of the period.
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the government is divided into two depart-
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ment consumption gt is assumed to be exoge-
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payments on government bonds (i bt Bt). reve-
nues accrue by means of a real lump-sum tax tt 
on households. the public deficit Ptgt + i bt Bt –
Pttt is financed through changes in government 
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The Government is divided into two departments: the scal authority man-
ages government consumption and public debt while the monetary authority
decides about the split of public debt into liquid and illiquid liabilities. Gov-
ernment consumption is assumed to be exogenous and stochastic. Public
expenditure is composed of government consumption plus interest payments on
government bonds ( ). Revenues accrue by means of a real lump-sum tax
on households. The public decit + is nanced through changes
in government liabilities, , as

+ = +1

Total government liabilities are composed of government bonds, , and the
monetary base, .
The monetary authority is able to a ect the interest rate of the economy by

deciding on the composition of government liabilities, , into illiquid bonds,
, and liquid high-powered money, i.e. the monetary base, . This monetary

base is used either as reserves (including vault cash), , as cash in the hands of
the public, , or changed by autonomous factors (oat or Treasury deposits),
. Remember that = ( + ) (1 + ) Hence, we have

(12) +

µ
+

1 +

¶
+ =

or

(13) =

µ
+

1 +

¶

This is one of the central equations of the model. It says that the amount
of reserves in the hands of the banks to satisfy reserve requirements, , can
change for four distinct reasons. First, the central bank can a ect it through
open market operations that change the initial monetary base, , in order to
induce changes in the interest rate. Second, it is a ected by shocks to reserves
which may come from the Treasury and oat, . Third, a higher demand for
cash due to a change in the cash/deposit ratio also induces movements in the
total amount of reserves. Finally, all shocks a ecting , , and modify
the amount of cash that is withdrawn and hence the level of reserves.
Expression (13) is important for several reasons. First, it summarizes the

problem of the central bank. Assume the central bank follows an interest rate
rule so that it has a desired level for the interest rate. The actual level of
the interest rate determined in the market on period is going to be related
to . Thus, the problem of the central bank is to determine the size of the
open market operation, i.e. how much to change , to compensate for the
rest of shocks in the economy providing enough monetary base to cover demand
for reserves and cash at the desired interest rate. Second, this expression is
also important because it summarizes all sources of monetary shocks in the
model which a ect the interest rate. In this sense, in a world where the central
bank wants the target rate to be xed at a particular value, but has imperfect
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ferred to households at the end of the period.



Finnish Economic Papers 1/2008 – Martin Menner and Hugo Rodríguez Mendizábal

43

or

(13) 

The Government is divided into two departments: the scal authority man-
ages government consumption and public debt while the monetary authority
decides about the split of public debt into liquid and illiquid liabilities. Gov-
ernment consumption is assumed to be exogenous and stochastic. Public
expenditure is composed of government consumption plus interest payments on
government bonds ( ). Revenues accrue by means of a real lump-sum tax
on households. The public decit + is nanced through changes
in government liabilities, , as

+ = +1

Total government liabilities are composed of government bonds, , and the
monetary base, .
The monetary authority is able to a ect the interest rate of the economy by

deciding on the composition of government liabilities, , into illiquid bonds,
, and liquid high-powered money, i.e. the monetary base, . This monetary

base is used either as reserves (including vault cash), , as cash in the hands of
the public, , or changed by autonomous factors (oat or Treasury deposits),
. Remember that = ( + ) (1 + ) Hence, we have

(12) +

µ
+

1 +

¶
+ =

or

(13) =

µ
+

1 +

¶

This is one of the central equations of the model. It says that the amount
of reserves in the hands of the banks to satisfy reserve requirements, , can
change for four distinct reasons. First, the central bank can a ect it through
open market operations that change the initial monetary base, , in order to
induce changes in the interest rate. Second, it is a ected by shocks to reserves
which may come from the Treasury and oat, . Third, a higher demand for
cash due to a change in the cash/deposit ratio also induces movements in the
total amount of reserves. Finally, all shocks a ecting , , and modify
the amount of cash that is withdrawn and hence the level of reserves.
Expression (13) is important for several reasons. First, it summarizes the

problem of the central bank. Assume the central bank follows an interest rate
rule so that it has a desired level for the interest rate. The actual level of
the interest rate determined in the market on period is going to be related
to . Thus, the problem of the central bank is to determine the size of the
open market operation, i.e. how much to change , to compensate for the
rest of shocks in the economy providing enough monetary base to cover demand
for reserves and cash at the desired interest rate. Second, this expression is
also important because it summarizes all sources of monetary shocks in the
model which a ect the interest rate. In this sense, in a world where the central
bank wants the target rate to be xed at a particular value, but has imperfect

6

this is one of the central equations of the mod-
el. it says that the amount of reserves in the 
hands of the banks to satisfy reserve require-
ments, Rt, can change for four distinct reasons. 
First, the central bank can affect it through open 
market operations that change the initial mon-
etary base, Ht, in order to induce changes in the 
interest rate. Second, it is affected by shocks to 
reserves which may come from the treasury 
and float, Vt. third, a higher demand for cash 
due to a change in the cash/deposit ratio ht also 
induces movements in the total amount of re-
serves. Finally, all shocks affecting St, Wt, Pt 
and nt modify the amount of cash that is with-
drawn and hence the level of reserves.

expression (13) is important for several rea-
sons. First, it summarizes the problem of the 
central bank. assume the central bank follows 
an interest rate rule so that it has a desired level 
for the interest rate. the actual level of the in-
terest rate determined in the market on period t 
is going to be related to Rt. thus, the problem 
of the central bank is to determine the size of 
the open market operation, i.e. how much to 
change Ht, to compensate for the rest of shocks 
in the economy providing enough monetary 
base to cover demand for reserves and cash at 
the desired interest rate. Second, this expression 
is also important because it summarizes all 
sources of monetary shocks in the model which 
affect the interest rate. in this sense, in a world 
where the central bank wants the target rate to 
be fixed at a particular value, but has imperfect 
knowledge  about  the  different  shocks  hitting 
the economy or does not fully compensate the 
shocks  it  has  information  about,  we  will  
observe  the  interest  rate  to  be  moving  in  re-
sponse to shocks not compensated by the cen-
tral bank. below we will make explicit the in-
formation set of the central bank and the rule it 
follows in terms of the instruments under its 
control. then we construct a monetary shock 
accordingly.

Finally, we assume that the lump sum tax is 
adjusted every period so that the public deficit 

is zero. thus, total government liabilities, At ≡ 

Bt + Ht, are constant and the role of monetary 
policy is to change its composition between liq-
uid and illiquid liabilities. in an economy with-
out autonomous factor shocks, Vt, in equilibrium 
all these government liabilities would be in the 
hands of the public. However, autonomous fac-
tors shocks drain (if positive) or add to (if neg-
ative) government liabilities to the ones held by 
the public. For example the treasury may in-
crease its level of reserves in times of tax col-
lection to the expense of the ones maintained by 
banks. thus, the supply of government liabili-
ties in the market, Ãt, is equal to
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it follows in terms of the instruments under its control. Then we construct a
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constant and the role of monetary policy is to change its composition between
liquid and illiquid liabilities. In an economy without autonomous factor shocks,
, in equilibrium all these government liabilities would be in the hands of the

public. However, autonomous factors shocks drain (if positive) or add to (if
negative) government liabilities to the ones held by the public. For example
the Treasury may increase its level of reserves in times of tax collection to the
expense of the ones maintained by banks. Thus, the supply of government
liabilities in the market, e , is equal to

e =
As total government liabilities are assumed constant, the evolution of total gov-
ernment liabilities in private hands is described by:

(14) e
+1 = e ( +1 )

Note that in equilibrium the nancial wealth of the households corresponds
to these liabilities of the government which are the only nancial assets that
survive from one period to the next. Hence, the growth rate of government
liabilities used in period by the private sector is

(15) +1 =
e
+1

e =
1 +

1 + +1

where refer to the variable normalized by e .

2.2 Derivation of equilibrium conditions

Let = ( ) be the vector of shocks. Dividing by e , the recursive problem
of the household/rm may be rewritten as
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liquid and illiquid liabilities. In an economy without autonomous factor shocks,
, in equilibrium all these government liabilities would be in the hands of the

public. However, autonomous factors shocks drain (if positive) or add to (if
negative) government liabilities to the ones held by the public. For example
the Treasury may increase its level of reserves in times of tax collection to the
expense of the ones maintained by banks. Thus, the supply of government
liabilities in the market, e , is equal to

e =
As total government liabilities are assumed constant, the evolution of total gov-
ernment liabilities in private hands is described by:

(14) e
+1 = e ( +1 )

Note that in equilibrium the nancial wealth of the households corresponds
to these liabilities of the government which are the only nancial assets that
survive from one period to the next. Hence, the growth rate of government
liabilities used in period by the private sector is

(15) +1 =
e
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where refer to the variable normalized by e .

2.2 Derivation of equilibrium conditions

Let = ( ) be the vector of shocks. Dividing by e , the recursive problem
of the household/rm may be rewritten as
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( ) +

£
( 0 0 0)

¤ª

subject to

(17) +

(18) 0 0 = + + (1 + ) + ( ) (1 + ) +

7



Finnish Economic Papers 1/2008 – Martin Menner and Hugo Rodríguez Mendizábal

44

(18) 

knowledge about the di erent shocks hitting the economy or does not fully
compensate the shocks it has information about, we will observe the interest
rate to be moving in response to shocks not compensated by the central bank.
Below we will make explicit the information set of the central bank and the rule
it follows in terms of the instruments under its control. Then we construct a
monetary shock accordingly.
Finally, we assume that the lump sum tax is adjusted every period so that

the public decit is zero. Thus, total government liabilities, + , are
constant and the role of monetary policy is to change its composition between
liquid and illiquid liabilities. In an economy without autonomous factor shocks,
, in equilibrium all these government liabilities would be in the hands of the

public. However, autonomous factors shocks drain (if positive) or add to (if
negative) government liabilities to the ones held by the public. For example
the Treasury may increase its level of reserves in times of tax collection to the
expense of the ones maintained by banks. Thus, the supply of government
liabilities in the market, e , is equal to

e =
As total government liabilities are assumed constant, the evolution of total gov-
ernment liabilities in private hands is described by:

(14) e
+1 = e ( +1 )

Note that in equilibrium the nancial wealth of the households corresponds
to these liabilities of the government which are the only nancial assets that
survive from one period to the next. Hence, the growth rate of government
liabilities used in period by the private sector is

(15) +1 =
e
+1

e =
1 +

1 + +1

where refer to the variable normalized by e .

2.2 Derivation of equilibrium conditions

Let = ( ) be the vector of shocks. Dividing by e , the recursive problem
of the household/rm may be rewritten as

(16) ( ) = max
©
( ) +

£
( 0 0 0)

¤ª

subject to

(17) +

(18) 0 0 = + + (1 + ) + ( ) (1 + ) +

7
     

knowledge about the di erent shocks hitting the economy or does not fully
compensate the shocks it has information about, we will observe the interest
rate to be moving in response to shocks not compensated by the central bank.
Below we will make explicit the information set of the central bank and the rule
it follows in terms of the instruments under its control. Then we construct a
monetary shock accordingly.
Finally, we assume that the lump sum tax is adjusted every period so that

the public decit is zero. Thus, total government liabilities, + , are
constant and the role of monetary policy is to change its composition between
liquid and illiquid liabilities. In an economy without autonomous factor shocks,
, in equilibrium all these government liabilities would be in the hands of the

public. However, autonomous factors shocks drain (if positive) or add to (if
negative) government liabilities to the ones held by the public. For example
the Treasury may increase its level of reserves in times of tax collection to the
expense of the ones maintained by banks. Thus, the supply of government
liabilities in the market, e , is equal to

e =
As total government liabilities are assumed constant, the evolution of total gov-
ernment liabilities in private hands is described by:

(14) e
+1 = e ( +1 )

Note that in equilibrium the nancial wealth of the households corresponds
to these liabilities of the government which are the only nancial assets that
survive from one period to the next. Hence, the growth rate of government
liabilities used in period by the private sector is

(15) +1 =
e
+1

e =
1 +

1 + +1

where refer to the variable normalized by e .

2.2 Derivation of equilibrium conditions

Let = ( ) be the vector of shocks. Dividing by e , the recursive problem
of the household/rm may be rewritten as

(16) ( ) = max
©
( ) +

£
( 0 0 0)

¤ª

subject to

(17) +

(18) 0 0 = + + (1 + ) + ( ) (1 + ) +

7
with

(19) 

with

(19) 0 =
1 +

1 + 0

where primes denote next period values, lower case letters { , , , , } refer
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Perfect competition in the banking industry implies that interest rates equalize:
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Using the functional forms in (2) and (8), and after imposing market clearing
in the labor market, the equations determining equilibrium are the optimum
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these are five equations to determine {yt, ct, nt, 
pt, it} as functions of the policy instrument, ht, 
and the fundamental shocks qt, gt, ht, and vt.

2.3 Specification of monetary policy

Monetary policy is specified as an interest rate 
rule by which the monetary authority sets a tar-
get, it

TR, for the market interest rate. the central 
bank computes this target it

TR in the following 
general manner:
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authority sets a target, , for the market interest rate. The central bank
computes this target in the following general manner:

(31) = + (b ) + (b ) b
where and are positive coe cients, represents the expectation oper-
ator with the information set of the central bank at the moment of its policy
decision, and hatted variables are dened as deviations from steady state val-
ues. Thus, the target is equal to the steady state value for the interest rate
unless output and prices deviate from their respective steady state values. In
this sense, the rule prescribes increases (decreases) of the target whenever the
central bank expects increases (decreases) of output and/or prices. We also
include a disturbance term as a monetary policy shock to the target rate.
The central bank has to compute the supply of high powered money needed

to make the interest rate equal to its target on average. For that, write the
system (26)-(30) in a more compact form by log-linearizing it around the steady
state and substituting for and . This yields a system of linear equations in
our variables of interest, namely output, prices and the interest rate:

(32) b = b + b + b + b + b

(33) b = b + b + b + b + b

(34) b = b + b + b + b + b
where the coe cients are functions of the parameters of the model.6 If the
central bank follows the rule (31), the expected deviation of the interest rate
from its steady state value evaluated at the time of the monetary policy decision
is

(35) (b ) =b = (b ) + (b ) b
We can use (34) to substitute for b in the expectation on the left hand side of
(35) as well as (32) and (33) to substitute for b and b in the expectation on
the right hand side of (35). Doing so, produces an expression to compute the
value of high powered money needed to achieve the desired target rate:

b =
+

(b ) + +
(b )

+
+

(b ) + +
(b )

1 b(36)

6See Appendix C for the details of the log-linearization and for the denition of the
coe cients.
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this expression is useful because it tells the 
monetary authority the size of the open market 
operation needed to hit its interest rate target on 
average. of course, the desired change in high 
powered money needed to fulfill the target is 
subject to the information the central has on the 
shocks originated elsewhere in the economy 
(that is, q̂t, ĝt, ĥt, and v̂t). this information is 
captured by the four expectations in (36). on 
the other hand, this expression also tells the 
monetary authority the size of the open market 
operation needed to change the interest rate 
through changes in the target. this point is cap-
tured by the last term of (36).

to make the rule operational, we need to be 
specificabout the information set of the central 

bank at the time it decides on ĥt. For that, we 
interpret the shocks q̂t, ĝt, ĥt, and v̂t as the re-
sidual uncertainty the private sector has after 
projections are done on the fundamental distur-
bances of the economy. thus, we assume these 
shocks to be i.i.d. but we allow the central bank 
and the general public to have different infor-
mation about these shocks.7 Particularly, we as-
sume the central bank is as good as the private 
sector in forecasting the real conditions of the 
economy (summarized by q̂t and ĝt). this means 
the central bank does not have information on 
this residual uncertainty, i.e. Et

CB(q̂t) = Et
CB(ĝt) = 

0. However, the central bank has better contem-
poraneous information about the monetary con-
ditions of the economy (summarized by ĥt and 
v̂t). this allows the monetary authority to make 
very sharp predictions on ĥt and v̂t. We include 
these considerations by assuming Et

CB(ĥt) = ĥt 

and Et
CB(v̂t) = v̂t.8 additionally, the private sector 

needs to predict policy movements by the cen-
tral bank captured by the shock ẑt.

Substituting ĥt back into (32) to (34) we ob-
tain the system as a function of the fundamental 
shocks of the economy (q̂t, ĝt, ĥt, v̂t, and ẑt) after 
including  the  feedback  rule  and  the  assump-
tions regarding the information of the central 
bank:
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where

=
( )

=
( )

7 Strictly speaking, these disturbances represent the innovations associated with each fun-
damental shock and this is the way we approximate them in the empirical section below. We
assume shocks not to have any dynamic component because we want to show that misspeci-
cation problems may arise even in the simplest scenario where the econometrician does not
have to care about dynamics of any sort. Given this interpretation, we will use the terms
shocks and innovations indistinctly.

8Furthermore, the public knows that the central bank has this information and most im-
portantly that the central bank incorporates it when making policy decisions.
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6 See Appendix C for the details of the log-linearization 
and for the definition of the θ coefficients.

7 Strictly speaking, these disturbances represent the in-
novations associated with each fundamental shock and this 
is the way we approximate them in the empirical section 
below. We assume shocks not to have any dynamic compo-
nent because we want to show that misspecification prob-
lems may arise even in the simplest scenario where the 
econometrician does not have to care about dynamics of 
any sort. Given this interpretation, we will use the terms 
shocks and innovations indistinctly.

8 Furthermore, the public knows that the central bank 
has this information and most importantly that the central 
bank incorporates it when making policy decisions.
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(42) = exp(b ); b+1 = +1

with (0 2), = , , , , . Variables with the subindex denote
steady state values.
There are 18 parameters in the model. These are the parameters for pref-

erences ( , , , ), technology ( , ), reserve requirements ( ), shocks ( ,
, , , , , , , , ) and the ones associated with the rule de-

termining the monetary policy instrument ( , ). Some parameters are taken
directly from the data. This is the case of the reserve requirement ( ) computed
as the average reserves over deposits. Also, we use the sample averages of the
government expenditure over output ( ), the cash-to-deposit ratio ( ),
the fraction of the monetary base over total government liabilities ( ), and
the fraction of autonomous factors over total government liabilities ( ) to
approximate the equivalent ratios at the steady state, , , , and
, respectively.9 The average technology shock ( ) is normalized to be 1.

The time discount ( ) is set so that the steady state value of the interest rate
matches the average interest rate ( ) over the sample. The disutility of la-
bor ( ) is computed so that labor at the steady state matches the average of
employment ( ) and the capital elasticity of output ( ) is determined as the
fraction of income remunerating labor equal to 0.33.
For most of the following exercises we set the coe cients of the Taylor rule

equal to
= = 0

so there is no feedback from the state of the economy. Our application below
deals with whether an econometrician can recover these numbers from data
generated from the model. To check the robustness of these results we also
include computations for other values of these coe cients. Finally, the rest
of parameters ( , , , , , , , and ) are set to approximate the
variance-covariance matrix of the model to that of the residuals found in the
data. Remember shocks in the model are assumed to be i.i.d. and interpreted
as the residual uncertainty the private sector has after projections have been
made on the fundamental disturbances of the economy. Thus, the matrix
is computed as the variance covariance matrix of the residuals in an estimated
VAR(4) on output (real GDP), prices (CPI) and the interest rate (3-month
Treasury bill rate) and equals

=
0.5206 0.0172 0.1176
0.0176 0.1051 0.0571
0.1176 0.0571 0.4184

9We use quarterly data for the US economy spanning from 1960 until 2003. See Appendix
A for the data sources. The appendix also includes the empirical analogs of all the variables
in the model.
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with the subindex ss denote steady state val-
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there are 18 parameters in the model. these 
are the parameters for preferences (b, γ, Ψ, ψ), 
technology (a, ag), reserve requirements (r), 
shocks (qss, gss, hss, vss, zss, sq, sg, sh, sv, sz) 
and the ones associated with the rule determin-
ing the monetary policy instrument (dy, dp). 
Some parameters are taken directly from the 
data. this is the case of the reserve requirement 
(r) computed as the average reserves over de-
posits. also, we use the sample averages of the 
government expenditure over output (gt / yt), the 
cash-to-deposit ratio (Xt / Dt), the fraction of the 
monetary base over total government liabilities 
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over total government liabilities (Vt / At) to ap-
proximate the equivalent ratios at the steady 
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average technology shock (qss) is normalized to 
be 1. the time discount (b) is set so that the 
steady state value of the interest rate matches 
the average interest rate (it) over the sample. 
the disutility of labor (Ψ) is computed so that 
labor at the steady state matches the average of 
employment (nt) and the capital elasticity of 
output (a) is determined as the fraction of in-
come remunerating labor equal to 0.33.

For most of the following exercises we set the 
coefficients of the taylor rule equal to
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so there is no feedback from the state of the 
economy. our application below deals with 

9 We use quarterly data for the US economy spanning 
from 1960 until 2003. See Appendix A for the data sources. 
The appendix also includes the empirical analogues of all 
the variables in the model.
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whether an econometrician can recover these 
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the resulting parameters are included in the ta-
bles in appendix b. For these parameter values, 
the coefficients of the system (32) to (34) are:

shock (g) rises output, prices and the interest 
rate. the cash demand shock (h) decreases 
prices and output and increases the interest rate 
as the autonomous factor shock (v) does while 
the shock to the monetary base (h) behaves in 
the opposite direction. a decrease in h is expan-
sionary because it increases the liquid liabilities 
of commercial banks in relation to their illiquid 
ones and, therefore, it has the same qualitative 
effects of a decrease in v or an increase in h. 
unlike h and v which change the total liquid 
liabilities of the system, movements in h only 
change the composition of the monetary base 
between reserves and cash. in any case, these 
three shocks affect the composition of govern-
ment liabilities which is what determines the 
interest rate.

Several points are in order here. First, chang-
es in the monetary conditions of the economy 
(as measured by h, v or h) have real effects 
without imposing additional frictions like lim-
ited participation in the asset market or sticky 
prices. Second, monetary shocks h, v as well as 
changes in the monetary policy instrument h 
imply the same effects we usually attribute to 
monetary shocks. that is, from the point of 
view of the private sector, an unforeseen mon-
etary expansion implies an increase in output 
and prices together with a reduction on interest 
rates. an econometrician, with data on the en-
dogenous variables y, p, and i will not be able 
to identify these three sources of innovations. 
Furthermore, without knowing the exact policy 
rule and the information of the central bank at 
the time of the monetary policy decision, data 
on the interest rate target will not help in disen-
tangle these sources of innovations either.

With our calibration, the coefficients of the 
matrix Φ are:

Table 1: Impact coe cients (model)

Shocks
b b b b b

b 0.9359 0.2044 -0.1388 -0.0016 0.2175
b -1.2132 0.0312 -0.4620 -0.0040 0.7241
b -2.9531 0.0761 1.0892 0.0131 -1.7069

1

Table 2: Impact coe cients in the model (×100)

Shocks
Variable b b b b b
b 0.1403 0.7156 0.0000 0.0000 0.0509
b -0.1819 0.1095 0.0000 0.0020 0.1696
b -0.4429 0.2666 0.0000 0.0000 -0.4000

Note: This table shows the impact coe cients of unit variance shocks. The central

bank is assumed to know and at the time of the policy decision

1

So, an increase in the technology shock (q) 
raises output at the same time that it reduces 
prices and the interest rate. Furthermore, a fiscal 
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and the variance decomposition is:

obtain if he misspecifies the model. inparticular, 
we are curious to see what type of policy rule 
and monetary shock he would estimate if he im-
poses a lower triangular structure in the matrix 
Φ of impact coefficients. the reason of this ex-
ercise is motivated by the extensive use of this 
type of identification restrictions in the litera-
ture.

the coefficients in the matrix Φ indicate the 
percentage deviation of y, p and i induced by a 
change of one standard deviation in q, g, and 
ez.11 an empirical researcher would construct 
S  from data on output, prices and interest rates 
generated by the model. if we assume that the 
model is the data generating process his esti-
mated variance covariance matrix of the varia-
bles of interest would converge asymptotically 
to the true S. as we are only interested in a 
theoretical exercise let us just assume that the 
econometrician  can  use  the  true  S  to  recover 
the structural shocks. identification of struc-
tural  shocks  means  using  the  estimated  S  to 
find a particular Φ, such that ΦΦ′ = S by im-
posing enough restrictions on Φ to make it 
unique.12

the Cholesky decomposition of S delivers a 
unique lower triangular matrix ΦCHOL

Table 3: Variance decomposition in the model

Shocks
Variable b b b b b
b 0.0368 0.9582 0.0000 0.0000 0.0048
b 0.4480 0.1623 0.0000 0.0000 0.3895
b 0.4592 0.1663 0.0000 0.0000 0.3744

Note: This table shows the variance decomposition of unit variance shocks. The central

bank is assumed to know and at the time of the policy decision

1

From this table we see the main shock affecting 
output in the model is the government expendi-
ture shock. the monetary shock is important in 
determining the variability of interest rates and 
prices while the technology shock also affects 
prices and the interest rate. Furthermore, be-
cause h and v are included in the information 
set of the central bank at the time of policy deci-
sions, these shocks do not affect endogenous 
variables anymore and the model behaves as if 
only three shocks drive total volatility. thus, in 
the identification schemes below we will be 
looking for a supply shock (êt

q), a real demand 
shock (êt

g), and a nominal demand shock (êt
z). 

also notice that long run restrictions are of no 
use for identification purposes here.10

3. Identification of Shocks in the 
Model

in this section we take data from the model and 
use it to identify the monetary policy shock. 
the econometrician does know neither the 
model nor the information structure of the cen-
tral bank. His task is to use data on output, 
prices and the interest rate generated by the 
model to back out the matrix Φ in (37). in the 
process he will also estimate the monetary pol-
icy rule used by the central bank. the objective 
of the section is to analyze the results he should 

10 Setting the parameter ag to a small but strictly positive 
number helped in approximating the variance covariance 
matrix of the model to that found in the data. However, the 
inclusion of government expenditures in the production 
function has a marginal effect on the importance of this 
variable on the overall variability of output, which is due to 
the role of gt as a demand shock.

11 From the estimation of a 3-variable VAR we can recu-
perate at most three fundamental shocks. Because of the 
assumed information structure, agents know there is only 
one source of monetary disturbances (z) as the central bank 
compensates the other two (h and v). However, results be-
low are robust to other information structures including the 
case in which the central bank has information on all shocks 
as well as the case in which it does know the realization of 
neither the real nor the monetary shocks h and v.

12 See Christiano, Eichenbaum and Evans (1999) as a 
general survey about identification schemes applied in the 
literature.
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induced by a change of one standard deviation in , , and .11 An empirical
researcher would construct from data on output, prices and interest rates
generated by the model. If we assume that the model is the data generating
process his estimated variance covariance matrix of the variables of interest
would converge asymptotically to the true . As we are only interested in a
theoretical exercise let us just assume that the econometrician can use the true
to recover the structural shocks. Identication of structural shocks means

using the estimated to nd a particular , such that 0 = by imposing
enough restrictions on to make it unique.12

The Cholesky decomposition of delivers a unique lower triangular matrix

(43) =
1 0 0

1 2 0

1 2 3

so,

(44)
b
b
b

=
1

2

In this expression , = 1 2 represent the three structural shocks estimated
through this identication scheme. This procedure can be used if one accepts a

of government expenditures in the production function has a marginal e ect on the importance
of this variable on the overall variability of output, which is due to the role of as a demand
shock.
11>From the estimation of a 3-variable VAR we can recuperate at most three fundamental

shocks. Because of the assumed information structure, agents know there is only one source of
monetary disturbances ( ) as the central bank compensates the other two ( and ). However,
results below are robust to other information structures including the case in which the central
bank has information on all shocks as well as the case in which it does know the realization
of neither the real nor the monetary shocks and .
12 See Christiano, Eichenbaum and Evans (1999) as a general survey about identication

schemes applied in the literature.
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in this expression uit, i = 1, 2, m represent the 
three structural shocks estimated through this 
identification scheme. this procedure can be 
used if one accepts a recursive structure mean-
ing that only shock u1 affects contemporane-
ously the first variable, shocks u1 and u2 affect 
the second variable, and so on. it is usually as-
sumed that shocks u1 and u2 are in the informa-
tion set of the central bank who can react con-
temporaneously to them in setting the interest 
rate.13 in this sense, the shock um is interpreted 
as a monetary policy shock which does not af-
fect prices and output within the same period.14 
From the last row of this system a feedback rule 
of the central bank relating î, ŷ, and p̂ can be 
derived as

(45) 

recursive structure meaning that only shock 1 a ects contemporaneously the
rst variable, shocks 1 and 2 a ect the second variable, and so on. It is usually
assumed that shocks 1 and 2 are in the information set of the central bank
who can react contemporaneously to them in setting the interest rate.13 In this
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Table 4 shows the estimated impact coe cients that results from applying
the Cholesky decomposition.
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from the contemporaneous endogenous correlation between output, prices and
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is not compatible with the model. This exercise wants to show to what extent not knowing the
true model and misspecifying the decomposition of the variance covariance matrix of residuals
may lead to biases in the estimation of the feedback rule of the central bank.
14 See Christiano, Eichenbaum and Evans (1996) as a prominent example of that approach.
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although the central bank in this economy does 
not follow a contemporaneous feedback rule 
(i.e. the true coefficients of the rule are dy = dp 
= 0), the imposition of the triangular structure 
in  the  decomposition  identifies  such  a  rule  
from the contemporaneous endogenous correla-
tion between output, prices and the interest 
rate.

in fact, the misspecification of the taylor rule 
is a general phenomenon. table 5 shows the 
pairs of estimated coefficients (ϑy; ϑp) for dif-
ferent values of the true feedback parameters ϑy 
and ϑp.

13 Of course, because the true matrix of impact coeffi-
cients is full, this identification scheme is not compatible 
with the model. This exercise wants to show to what extent 
not knowing the true model and misspecifying the decom-
position of the variance covariance matrix of residuals may 
lead to biases in the estimation of the feedback rule of the 
central bank.

14 See Christiano, Eichenbaum and Evans (1996) as a 
prominent example of that approach.

Table 4: Estimated impact coe cients (×100): Cholesky decomposition

Shocks
Variable 1 2

b 0.7310 0.0000 0.0000
b 0.0841 0.2585 0.0000
b 0.1480 0.1140 0.6264

Note: This table shows the impact coe cients of unit variance shocks computed

from a Cholesky decomposition of the variance covariance matrix

1
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We observe this scheme underestimates the 
coefficient on output and overestimates the co-
efficient on the price level. in this type of mod-
els it is usually claimed that to obtain determi-
nacy of the solution, the coefficient on prices in 
the taylor rule should be larger than 1 as well 
as larger than the coefficient on output.15 How-
ever, an econometrician using data from the 
model, would estimate coefficients in the deter-
minacy region (i.e. ϑp > 1, and ϑp > ϑy), al-
though the true coefficient on the price level is 
below 1 (dp < 1) and the true coefficient on out-
put is larger than that of prices (dp < dy).16

We can work out the conditions on the matrix 
S which generates a feedback rule. From

 

In fact, the misspecication of the Taylor rule is a general phenomenon.
Table 5 shows the pairs of estimated coe cients ( ; ) for di erent values of
the true feedback parameters and .
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and after some tedious algebra it is easy to see that the coe cients in expression
(49) implies

(50) ( ) =

"

( )
2

#

while

(51) ( ) = [ ]

Given that and are both positive, a su cient condition for both
and to be positive is to have the covariance between output and prices ( )
small together with the covariance between prices and the interest rate ( ) and
output and the interest rate ( ) both positive. Notice this result is completely
independent on the existence of a Taylor rule. As long as the data shows these
covariances, which is the case here, a triangular scheme will always estimate
an interest rate equation with the form of such a rule. Also notice that, as
the theoretical exercise has shown above, this estimation may misinterpret the
co-movement between output, prices and the interest rate as evidence for the
existence of a monetary policy rule while this co-movement may be driven by
the joint responses of these variables to all fundamental shocks

15See Christiano and Gust (1999).
16By interpolating between = 0 5 and = 1 in the table we observe this observation

holds for a large range of coe cient values. This result holds for the case in which the central
bank has information on all shocks as well as for the case in which it has the same information
as the private sector, i.e. does not know the realization of either real or monetary shocks.
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given that spp and syy are both positive, a suf-
ficient condition for both ϑy and ϑp to be posi-
tive is to have the covariance between output 
and prices (syp) small together with the covari-
ance between prices and the interest rate (spr) 
and output and the interest rate (syr) both posi-
tive. notice this result is completely independ-
ent on the existence of a taylor rule. as long as 
the data shows these covariances, which is the 
case here, a triangular scheme will always esti-
mate an interest rate equation with the form of 
such a rule. also notice that, as the theoretical 
exercise has shown above, this estimation may 
misinterpret the co-movement between output, 
prices and the interest rate as evidence for the 
existence of a monetary policy rule while this 
co-movement may be driven by the joint re-
sponses of these variables to all fundamental 
shocks.

Finally, we can compute the variance decom-
position associated with this identification 
scheme:

Comparing the true (table 3) and the esti-
mated (table 6) variance decomposition matrix, 
the identified shock u1 seems to capture the de-
mand innovation gt which is the main perturba-
tion affecting output. Shocks u2 and um reflect 
mainly a combination of supply (qt) and mon-
etary shocks (zt). by imposing the zero restric-
tions on output and prices, the identified mon-
etary shock (um) underestimates its contribution 
for output and prices while it overestimates its 
contribution to interest rate variability.

Table 5: Estimated coe cients in Taylor rule

0.0 0.5 1.0 1.5
0.00 (0.15;0.44) (0.12;0.87) (0.09;1.20) (0.08;1.43)
0.25 (0.14;0.51) (0.11;0.93) (0.09;1.24) (0.07;1.46)
0.50 (0.14;0.58) (0.11;0.98) (0.08;1.27) (0.07;1.49)
0.75 (0.13;0.65) (0.10;1.03) (0.08;1.31) (0.07;1.52)
1.00 (0.13;0.72) (0.10;1.08) (0.08;1.35) (0.06;1.55)
Note: This table shows the estimated coe cients ( ; ) of the Taylor rule for

di erent values of the feedback parameters and .

1
15 See Christiano and Gust (1999).
16 By interpolating between dp = 0.5 and dp = 1 in the 

table we can see that this observation holds for a large 
range of coefficient values. This result holds for the case in 
which the central bank has information on all shocks as 
well as for the case in which it has the same information as 
the private sector, i.e. does not know the realization of either 
real or monetary shocks.



Finnish Economic Papers 1/2008 – Martin Menner and Hugo Rodríguez Mendizábal

51

Table 6: Estimated variance decomposition: Cholesky decomposition

Shocks
Variable 1 2

b 1.0000 0.0000 0.0000
b 0.0957 0.9042 0.0000
b 0.0512 0.0304 0.9182

Note: This table shows estimated variance decomposition of unit variance shocks

computed from a Cholesky decomposition of the variance covariance matrix.

1

4. Discussion

this paper has pursued two objectives. First, we 
have constructed a dynamic stochastic general 
equilibrium model designed to incorporate the 
way monetary policy is implemented in actual 
economies. in the model, the central bank sets 
targets on a market interest rate and exerts its 
control by managing the supply of reserves in 
the economy. thus, the model emphasizes the 
distinction between operating targets and mar-
ket-determined rates and provides explanations 
as of why they may not be equal. in fact, the 
difference between the value for the interest rate 
the central bank should have targeted and the 
value determined by the market is the crux of 
the matter for this paper because it is this differ-
ence what is typically used to measure monetary 
policy shocks. We argue that this difference is a 
consequence of the contemporaneous concur-
rence of a variety of shocks. Furthermore, the 
model is constructed so as to provide a rationale 
as of why these monetary shocks occur and 
what they mean.

one consequence of the contemporaneous 
correlation between endogenous variables is 
that it may lead to a misidentification of the fun-
damental shocks hitting the economy. in par-
ticular, we provide an example where the en-
dogenous reaction of output, prices and interest 
rates to fundamental shocks can induce cross-
correlations which might be erroneously misin-
terpreted as a taylor rule. this erroneous inter-
pretation of the cross-correlations would treat 
the error term of the supposed taylor rule as a 
monetary ‘policy’ shock while in the example it 
is just a combination of fundamental shocks.17 

Furthermore, we show that stochastic deviations 
from a taylor rule by the central bank may not 
be the only source of monetary shocks. in fact, 
we demonstrate how a variety of variables pro-
duce the same type of responses we associate 
with monetary disturbances so that an econom-
etrician provided with data generated from the 
model would not be able to distinguish between 
them. these other variables are variations in 
autonomous factors, or random changes in the 
cash-to-deposit ratio. one implication of this 
finding is that instead of estimating taylor rules 
to identify monetary shocks, one alternative 
strategy could be concentrating on the qualita-
tive responses of endogenous variables to these 
types of shocks.18
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Appendix

A Data

the data for the calibration is taken from the Fred database of the Federal reserve bank of St. 
louis. We use the following series (acronyms in parenthesis): output (yt) is the “real gross 
domestic Product” (gdPC1), the price level (Pt) is the “CPi price index” (CPiauCSl), the inter-
est rate (it) is the “3-Month treasury bill: Secondary Market rate” (tb3MS) and government 
expenditures (gt) are “real government Consumption expenditures and gross investment” 
(gCeC1). output and government expenditures are divided by “Civilian noninstitutional Popula-
tion” (CnP16oV) to make variables in per capita terms and logged. employment (nt) is com-
puted as “Civilian employment: Sixteen Years and over” (Ce16oV) divided by population. We 
estimate a Var(4) of yt, Pt, and it in levels and store the variance-covariance matrix of the residu-
als. that is our measure of S.

We   also   use   the   Flow   of   Funds  data   of   the   board   of   governors   of   the   Federal   reserve Sys-
tem to compute series for the financial variables. Cash (Xt) is measured as “Currency outside 
banks”  (Fl713125005.Q).  deposits  (Dt)  is  the  sum  of  “Checkable  deposits  in  Commercial 
banks” (Fl763129205.Q) plus “Small time and Savings deposits in Commercial banks” 
(Fl763131005.Q) plus “large time deposits in Commercial banks” (Fl763135005.Q) plus “Check-
able deposits in Savings banks” (Fl443127005.Q) plus “Small time and Savings deposits in Sav-
ings banks” (Fl443131005.Q) plus “large time deposits in Savings banks” (Fl443135005.Q). 
reserves (Rt) is computed as “depository institutions reserves” (Fl713113000.Q) plus “Vault 
Cash of Commercial banks” (Fl723025000.Q). autonomous factors (Vt)are equalto “Federal 
government deposits at the Monetary authority” (Fl713123105.Q) minus “Federal reserve Float” 
(Fl713022003.Q). government bonds (Bt) is equal to “total treasury Securities” (Fl893061505.Q) 
minus “treasury Securities in State and local governments” (Fl213061105.Q) “treasury Secu-
rities in Foreign Hands” (Fl263061105.Q) minus “treasury Securities in Monetary authority” 
(Fl713061100.Q). to construct the series we start with the initial value of the stocks (table ltab) 
and add the seasonally adjusted increments (table atab).

the sample covers the period from the first quarter of 1960 until the first quarter of 2003. this 
is the period with observations for all variables. When only monthly data is available, the numbers 
are averaged to obtain quarterly series. For all empirical applications, the data was detrended us-
ing a linear trend.
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B Parameter Values

the next two tables show the values assigned to the parameters of the model.

Table B.1: Values for preferences, technology and reserve requirement

Symbol Value Meaning
0 99 Discount factor
3 40 Inverse of the intertemporal elasticity of consumption
1 90 Inverse of the wage elasticity of labor supply
13 3 Disutility of labor
0 33 Capital elasticity of output
0 15 Government expenditure elasticity of output
0 03 Reserve requirement

1

Table B.2: Values for distribution of shocks and monetary policy

Symbol Value Meaning
1.0000 Average technology shock
0.0015 Std. deviation of technology shock
0.1171 Average government shock
0.0350 Std. deviation of government shock
0.0855 Average cash demand shock
0.0001 Std. deviation of cash demand shock
0.0015 Average autonomous factor shock
0.0130 Std. deviation of autonomous factor shock
0.2541 Average o cial reserves
0.0000 Output coe cient in Taylor rule
0.0000 Price level coe cient in Taylor rule
0.0040 Std. deviation of monetary policy shock

1

as explained in the main text, these parameters were set so that the model reproduces certain 
values found in the data. in particular, parameters (γ, ψ, ag, sq, sg, sh, sv, and sz) are set to ap-
proximate the variance-covariance matrix of the model to that of the residuals found in the data. 
For the uS economy, the matrix S is computed as the variance covariance matrix of the residuals 
in an estimated Var(4) on output, prices and the interest rate and equals
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C Log-linearization

the first order conditions of the system are
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or
b = b + b + b + b + b
b = b + b + b + b + b
b = b + b + b + b + b
b = b + b + b + b + b
b = b + b + b + b + b

The rst three rows form the system (32) to (34).
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the first three rows form the system (32) to (34).


