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1 Introduction

Workpackage 1.1 of the MONFISPOL1 proposal has for main objective the

provision of an unified environment to compute optimal policies using

different approaches. On the one hand, the forward-looking nature of

the optimal policy problems considered calls for a careful examination of

the available commitment mechanisms in order to understand the time-

consistency of these policies. We review several types of commitment

strategies: pre-commitment, commitment assuming steady-state in the pre-

initial period, and the so called timeless perspective. On the other hand, it

is also important to define the precise nature of the optimal policy that is

used. We describe policies based on optimal simple rules, Ramsey-optimal

policies and discretionary approaches. As the methodologies used to solve

these models are a major objective in order to integrate them into DYNARE,

those methodologies are also discussed when possible.

This review is organized as follows. The first three sections describe the

available optimal policy concepts, starting with optimal simple rule and de-

veloping into Ramsey policy and discretion along with discussions about

the commitment technologies. The last section focuses on commitment

issues, starting with a reappraisal of the Kydland and Prescott (1977) sem-

inal paper on the time-inconsistency problem and then continuing on the

timeless perspective as it is arguably an outstanding development of the op-

timal policy literature in the last decade.

1Modeling and Implementation of Optimal Fiscal and Monetary Policy Algorithms in

Multi-Country Econometric Models
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2 Optimal Simple Rule

Optimal simple rules are the result of the resurgence of interest on how to

conduct monetary policy in the last two decades. The general idea behind

optimal simple rules is to specify in the model an explicit function for the

policymakers’ reaction to important variables (as it is done for instance in

a Taylor rule) dependent on a set of parameters. Then a procedure is used

to derive the values of the parameters that minimize the loss function (or

some other objective function) of the policymaker. This general idea has

been used in many papers in the literature. We review the contribution

of Schmitt-Grohe and Uribe (2007) that describe recent developments in

the optimal simple rule literature in a general model encompassing both

monetary and fiscal rules.

Schmitt-Grohe and Uribe (2007) relaxes many assumption made in the

previous literature due to technical constraints. Notably, the model em-

beds no subsidy to factor inputs to counter inefficiency introduced by im-

perfect competition, capital accumulation is modeled, nominal rigidities

lead to inefficiencies even in the long-run, there is money in the model

instead of a cashless approach and the fiscal instrument is made more re-

alistic through the combination of lump-sum and distortionary taxation.

The environment is a blend of neo-classical and neo-Keynesian elements.

The economy is structured around a real-business-cycle model with cap-

ital accumulation and endogenous labor supply. Exogenous technology

and government spending shocks alter the economy. Sources of ineffi-

ciency are sluggish price adjustment, working-capital constraint on labor

costs leading to a demand for money by firms, a cash-in-advance con-

straint leading to household money demand, monopolistic competition

on product markets and time-varying distortionary taxation.

The main objective of the paper is to study whether the policy conclu-
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sions found in the existing literature are robust to a more realistic setup.

The family of rules used are said simple and implementable. Simple be-

cause they are function of a small number of observable indicators. Imple-

mentable because it is required that the rational expectations equilibrium

linked to the policies is unique. Optimality of the rule is obtain by im-

posing welfare maximization and the policy is compared to the Ramsey-

optimal policy. The main results of the paper are the following: (1) the

size of the inflation coefficient in the interest-rate rule plays a minor role;

(2) the response of the interest-rate rule to the output has to be minimal; (3)

smoothing interest rates delivers negligible welfare gains; (4) the optimal

fiscal policy is passive; (5) an interest rate feedback rule linked to lagged

information behaves as good as one that is linked to current information;

(6) the optimal simple rule policy is comparable to the Ramsey-optimal pol-

icy in terms of welfare.

The solution to the equilibrium is found by a perturbations method.

Second order accurate solutions to policy functions are computed as in

Schmitt-Grohe and Uribe (2004c). An accurate second-order approxima-

tion is obtained by using a scale parameter for the standard deviation of

the exogenous shocks as an argument of the policy functions in the per-

turbations method. The policy function is approximated with a second

order Taylor expansion with respect to the state variables and the scale

parameter.
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3 Ramsey Policy

Ramsey policy2 involves a benevolent planner who seeks the competitive

equilibrium that maximizes the lifetime utility of the economic agent. One

often made assumption is that the benevolent planner has access to a com-

mitment technology that binds its actions through time. However this

very point is also a major concern for ongoing research. The benevolent

planner has incentives to deviate at each period from the initial commit-

ment – under which the Ramsey policy was made possible – in order to

improve welfare starting from this particular period. Nonetheless, Ram-

sey policy and the assumption of the availability of a commitment tech-

nology constitute a large block in the literature on optimal policy. The

present survey restricts itself to two recent developments in the so called

New Keynesian framework and to a contribution that introduce a fully re-

cursive implementation of optimal policy problems with forward–looking

variables.

3.1 Optimal monetary policy under commitment: Khan et al.

(2003)

Khan et al. (2003) follow the works of Ramsey (1927) and Lucas and Stokey

(1983) in defining the optimal policy as the inter-temporal allocation of re-

sources which maximizes the welfare of a representative agent. The so-

cial planner can fully commit to this allocation in all subsequent periods.

The model features many of the New Keynesian ingredients pioneered by

Taylor (1980) and Calvo (1983). The private sector is divided into house-

holds which buy final consumption goods and supply factors of produc-

2Ramsey policy is named after Ramsey (1927) seminal contribution to the theory of

taxation.
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tion, retailers which sell final consumption goods to households and buy

intermediate products and finally producers who manufacture the inter-

mediate goods later purchased by retailers. Producers face monopolis-

tic competition and staggered prices setting. This last feature imply that

firms are offered infrequent opportunities to update prices. Also firms are

forward–looking in their price setting behavior. Retailers can costlessly

adjust prices. Households trade in financial markets for assets. Also, as

money is not in the utility, a transaction cost mechanism is introduced:

cash balances facilitate the purchase of consumption goods. The model

features two sources of uncertainty: technology shocks to total factor pro-

ductivity and public spending shocks. Finally, Khan et al. (2003) focus

only on the issue of optimal monetary policy. As a result the model en-

compasses a simple lump-sum tax system.

The model in Khan et al. (2003) yield three recommendations for the

implementation of optimal monetary policy. (1) The Friedman prescription

for deflation: on average the nominal interest rate should be such that there

is deflation on average in the economy. The authors conclude that this re-

sult strengthen the propositions of Friedman (1969). Generally speaking,

distortions are responsible for the level of desirable inflation. The authors

examine each distortion separately and find the wedge of monetary inef-

ficiency3 and time costs4 to play a role in the negative rate of inflation. (2)

The Fisherian prescription for eliminating price-level surprises: the price level

should be stabilized as shocks occur to the real and monetary sectors. (3)

Minor role for Keynesian stabilization policies: the allocation chosen by the au-

thorities closely resemble those that would have been chosen in presence

3This is the cost of monetary policy in terms of consumption that appear in

transaction-based monetary models.
4This is the opportunity cost of time spent shopping to work around the effects of

inflation.
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of price flexibility.

Khan et al. (2003) derive the first-order conditions that characterize the

optimal Ramsey policy using the exact (non-approximated) objective and

constraints and then log-linearize these conditions to obtain an approxi-

mate solution. Because of the existence of forward–looking variables, solv-

ing the optimal policy problem in the paper is challenging. The authors

specify a Lagrangian for the dynamic optimization problem but provide

a fully recursive version of their model exemplifying the work of Marcet

and Marimon (1999). Lagged multipliers corresponding to the forward–

looking constraints of the problems are used to make the problem sta-

tionary following the suggestion of Kydland and Prescott (1980). Also,

time-inconsistency of the optimal policy is treated differently here than,

for instance, in Currie and Levine (1993). The later authors specify that

the policymaker exploits the initial period by ruling out former expecta-

tions but commits to never repeat this behavior in subsequent periods. In

Khan et al. (2003), it is assumed that the economy is in steady state in the

period prior to the initial optimization. Nevertheless, the initial period

remains different from subsequent periods.

3.2 Optimal fiscal and monetary policy under commitment:

Schmitt-Grohe and Uribe (2004a)

Schmitt-Grohe and Uribe (2004a) studies the joint determination of opti-

mal fiscal and monetary policy. The authors tries to provide an unified

framework with the following elements. Taxes are distortionary and the

available bonds are non-state contingent. Together with the printing of

money, taxes and the issuance of bonds finance an exogenous stream of

stochastic government purchase. The demand for money is implemented

through a transaction cost. There is monopolistic competition and prices
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are sticky à la Rotemberg (1982): firms face a convex cost of price adjust-

ment. Also the Ramsey framework is maintained. The benevolent planner

has access to a full commitment technology with respect to the implemen-

tation of the fiscal and the monetary policy. The authors show how this

environment creates a tradeoff between the fiscal and the monetary in-

strument. On the one hand, because it does not want to change the level

of distortionary taxation, the government is inclined to use unexpected

inflation as a substitute for non-distortionary taxes. On the other hand,

because of sticky prices, firms can not respond optimally to a change in

the rate of inflation and this proves to be costly. The optimal fiscal and

monetary policy is defined as the sequence of tax rates and nominal in-

terest rates associated with a competitive equilibrium that maximizes the

utility of the representative household.

The main result of the paper gives a clear reply concerning the tradeoff

above. The optimal policy is characterized by low inflation volatility. It ap-

pears that price volatility is a greater cost to the economy than tax changes.

Moreover, it seems that even a small amount of price stickiness is enough

to resolve the tradeoff in favor of price stability. This result is close to that

of Khan et al. (2003) even-though the optimal policy setting is richer here.

The Ramsey planner uses tax and debt instruments to smooth distortions

and thus induces near-random walk dynamics to those elements. Under

price flexibility the full stochastic process of the underlying shock would

have been inherited.

Schmitt-Grohe and Uribe (2004a) derive the first-order conditions that

characterize the optimal Ramsey policy using the exact (non-approximated)

objective and constraints and then log-linearize these conditions to ob-

tain an approximate solution. The authors discuss the specificity of the

Ramsey problem they solve compared to models with flexible prices or

models with sticky prices but state-contingent debt. When public debt
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is non-state-contingent and prices are sticky the competitive equilibrium

can no longer be reduced to a single inter-temporal budget constraint in

period zero and a feasibility constraint in every period. This is because un-

der sticky prices the price path has to satisfy the expectations augmented

Philips curve. There is no guarantee that such a path along with a time

zero constraint will result in an adequate path for public debt. Regarding

the time-consistency problem, it is assumed here that up to period zero,

the economy is in a non-stochastic steady state of a competitive equilib-

rium with constant paths for consumption, hours, nominal interest rates,

inflation, tax rates, etc.

3.3 Recursive formulation of a forward-looking dynamic

economic problem: Marcet and Marimon (2009)

Since Stokey et al. (1989) there has been an increasing use of recursive

methods in the study of dynamic economic problems. To the point that,

according to Chow (1997), optimizing by the traditional Lagrange method

was becoming scarce in the literature. The power of recursive methods

is to transform a complex inter-temporal specification into a simpler two

periods specification where optimal decisions can be expressed as time-

invariant functions of a small set of variables. However, since many recent

economic models feature forward looking variables, a key condition of the

recursive method – that only past variables can influence current actions

– is not respected. Thus the resurgence of Lagrange methods. Marcet and

Marimon (2009) seek to circumvent precisely this issue. They suggest a

general method to obtain a recursive formulation for a general class of

economic problem with forward looking variables. This breach might be

seen as of great value for Ramsey optimal policy as no recursive writing

of the problem was available and because it embeds a solution to the time
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inconsistency problem that can appear in such models.

The key point is to express a standard non recursive problem into a

recursive formulation. The methodology of Marcet and Marimon (2009)

describes three steps: (1) the planner’s problem with incentive constraints

is studied as an infinite-dimensional maximization problem; (2) the equiv-

alence between the planner’s problem and a modified saddle point prob-

lem is drawn: new variables are created to follow the evolution of the

Lagrange multipliers of the original problem; (3) a recursive formulation

of the saddle point problem is derived by using a generalization of Bell-

man’s equation. This methodology is also a means for the authors to solve

the time-inconsistency problem that arise in optimal policy problem: the

government has an incentive to use the instruments it controls in a way

that surprises the agents so as to reduce the distortions in the economy

in each period. Marcet and Marimon (2009) suggest a correct continuation

to the planner’s problem so as to define the original problem as what the

planner should solve if he could constantly optimize again in each period.

4 Discretion

Woodford (2003b) defines discretionary optimization in the following way:

”By discretionary optimization we mean a procedure under which at each

time that an action is to be taken, the central bank evaluates the econ-

omy’s current state and hence its possible future paths from now on, and

chooses the optimal current action in the light of this analysis, with no ad-

vance commitment about future actions, except that they will similarly be

the ones that seem best in whatever state may be reached in the future.”

In a seminal paper Kydland and Prescott (1977) ruled out discretionary

policy in favor of a commitment to a rule, based both on cost in terms of
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inflation and technical arguments. One technical argument is that usual

dynamic programming and optimal control methods are appropriate only

for the optimal control of a system that evolves mechanically as a func-

tion of its past state, exogenous disturbances, and the current action of

the planner. They are not appropriate for the optimal control of a forward-

looking system, in which people’s expectations about future policy are one

of the determinants of current outcomes. But forward-looking constraints

are precisely a major element of current optimal policy plans. We review

three papers that compare discretion to rules-based approach, to the time-

less perspective and provide a solution to technical limitations to problems

with forward-looking variables and discretion.

4.1 Discretion and rules: Clarida et al. (1999)

In this paper Clarida et al. (1999) gives an overview of optimal monetary

policy with the New Keynesian approach. A point of interest for this sec-

tion is the comparison between rules and discretion. Under a rule, the

central bank or the policy-making authority chooses a plan for the path of

the interest rates that it sticks to forever. Under discretion, the current in-

terest rate is chosen by reoptimizing in every period. The key distinction

between discretion and rules is whether current commitments constrain

the future course of policy in any credible way. Under discretion the pri-

vate sector have expectations that include the fact that the central bank

can reoptimize at each period. The rational expectations equilibrium has

the property that the central bank has no incentive to change its plan in

an unexpected way even though it has the possibility to undertake such

an action. Because of this feature, the equilibrium under discretion can be

called time-consistent. Under a rule only the commitment makes the pol-

icy believable in equilibrium. Clarida et al. (1999) remark that the policy
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under discretion is the scenario that accords best with reality because no

central bank does make a serious commitment over its future monetary

policy.

4.2 Discretion and timeless perspective : Dennis (2008)

Dennis (2008) compare the performance of timeless perspective and discre-

tion policies and develops a measure of conditional loss to allow this com-

parison. Timeless perspective advocates that optimal policy must take ac-

count of the advantages of the anticipation of the policy at earlier dates;

and for this reason it must generally be history-dependent rather than

purely forward-looking. Despite the fact that Woodford (2003b) and other

strongly advocate for rule based optimal policies, Dennis (2008) show that

cases where discretion performs better. This is possible because of the na-

ture of method employed to solve the problem using the timeless perspective

perspective. First timeless perspective optimal policies are neither optimal

nor time-consistent in the sense of Kydland and Prescott (1977, 1980). Sec-

ond it is unclear whether they can be feasibly implemented and whether

they are credible. Finally, it is not obvious that they are necessarily su-

perior to discretion. Discretionary policies are time-consistent and do not

require a commitment mechanism. Similarly they are not optimal in the

sense of Kydland and Prescott (1977) and Kydland and Prescott (1980).

Dennis (2008) finds that discretion is more likely to dominate timeless

perspective policymaking in models where nominal and real rigidities are

important (i.e. displaying conditions leading to a flatter Phillips curve).

Adding ingredients like firm-specific labor and Kimball (1995) aggrega-

tion instead of Dixit and Stiglitz (1977) aggregation tend to increase the

dominance of discretion since they make the Phillips curve flatter. Al-

though the parameter space for which discretion dominates timeless per-
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spective policymaking is small, elements that flatten the Phillips curve are

becoming increasingly popular in the New Keynesian DSGE literature.

Dennis (2008) thus concludes that although a timeless perspective approach

to policymaking may have its attractions, these policies are not necessar-

ily superior to other suboptimal policies, of which discretion is a leading

example.

4.3 Forward-looking variables and discretion : Klein and

Rios-Rull (2003)

It is recognized that actual policymakers do not have access to perfect com-

mitment technologies. The literature has described substitutes to com-

mitment: Lucas and Stokey (1983) render the optimal fiscal policy time-

consistent through a specific choice of the maturity structure of public

debt; Persson et al. (2006) use nominal debt in order to make optimal

monetary policy time-consistent; Chari and Kehoe (1990) use reputational

mechanism.Klein and Rios-Rull (2003) reassess the problem by assum-

ing that no commitment technology is available and that no substitution

mechanism is available. The authors use the properties of the Markov per-

fect equilibrium5 and a policy based on fundamentals to achieve this goal.

Finally they compare the discretionary approach with the full commitment

policy.

The authors build on the recursive equilibrium described in Krusell

et al. (1997) in a political economy context. The model is solved in two

interdependent parts: first given a law of motion for policies a competi-

tive equilibrium is found; second the law of motion for policies have to

be made consistent with that coming out of the political process. The solu-

5See Maskin and Tirole (2001) for a formal definition of of such an equilibrium.
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tion to the problem is found through successive fixed-point problems. The

authors find that the optimal policies in the absence of full commitment

are very different from those under full commitment. The level of policy

instruments (here tax rates) and their volatility are significantly different

between the two alternative policy specifications.

5 Commitment Issues

It is in a commentary to a presentation by Lars Svensson at a Fed Kansas

symposium in 1999 that Michael Woodford first introduced the concept of

timeless perspective, which can be seen as an extension of an idea exposed

by McCallum (1999) according to Woodford (1999) himself. This idea is

later developed in Woodford (2003b). The timeless perspective is yet another

way to see the time consistency problem. Before Woodford (1999), opti-

mal policy problems were solved using the method introduced in Kydland

and Prescott (1980) and developed in Currie and Levine (1993)6: there is

pre-commitment of the policymaker to behave once in the initial period

(period zero) as fully optimizing and then never to exploit this possibil-

ity again. This means that in the optimizing period, previous anticipation

of agents are not considered and that technically, Lagrange multipliers of

periods before the optimizing date are set to zero. Along with the commit-

ment to have tied hands in the subsequent periods, this yields a unique sta-

ble condition for the optimal policy problem. However, Woodford (1999)

and others have argued that there is nothing to prevent policymakers from

exploiting past expectations formed by agents and optimize again. Thus,

in the words of Svensson (2000), ”why is period zero special” ? Timeless

6An important alternative reported above is to assume that up to period zero, the

economy is in a steady state of a competitive equilibrium
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perspective allow the policymaker to tie its hand and commit to behave in

the same way in the initial period as well as in all subsequent periods. We

begin this section with a reappraisal of the Kydland and Prescott (1977)

contribution and then we review three contributions to the literature that

both introduce and emphasize the importance of the timeless perspective

approach.

5.1 Thirty years on from Kydland and Prescott (1977) : Levine

et al. (2008)

The seminal paper of Kydland and Prescott (1977) spotlighted the time-

inconsistency problem in macroeconomic policy: in a world of forward-

looking rational agents, an optimal policy announced in some initial pe-

riod ceases to be optimal in subsequent periods, creating an incentive for

the planner to deviate from the original plan. An important literature has

emphasized gains from enhancing credibility through some form of com-

mitment. Levine et al. (2008) build a New Keynesian model to reassess the

contribution of Kydland and Prescott (1977) and discuss open economy

implications.

The authors start by outlining how the literature has progressed in

addressing commitment issues, from the Keynesian model that could ac-

count for stylized fact but were vulnerable to the Lucas Critique to the neo-

classical ones that were microfounded but could not reproduce empirical

data and finally to the New-Keynesian DSGE framework that has been

successful in reconciling these two aspects. Levine et al. (2008) addresses

two issues with DSGE models: they test empirically whether habit forma-

tion can be substituted to Calvo pricing as a real persistence mechanism

and settle to quantify gains from commitment. This last point is treated

by considering the existence of a lower bound for the nominal interest rate
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as it has been showed that this can influence gains from commitment: the

volatility of inflation is increased if households expect the policymaker to

adopt a discretionary behavior so that the lower bound is reached more

often under discretion that with commitment.

The model is linearized around a zero-interest steady state so that the

proper LQ framework is derived. Also the authors adopt a simple welfare

quadratic approximation that could be subject to the Kim and Kim (2006)

critique but argue that they remain in the small distortions case outlined

by Woodford (2003b). The authors empirically find that the habit forma-

tion approach is a viable one as a substitute to Calvo pricing. They also

suggest that a zero lower bound on the interest rate substantially increase

the gains from commitment. On the open-economy aspects of the time-

inconsistency problem, the authors argue that the gains from monetary

policy coordination are yet to be assessed in a convincing DSGE frame-

work. The authors conclude that despite the considerable evolution of the

literature, time-inconsistency and commitment remain key issues.

5.2 Commitment to a policy rule without time inconsis-

tency: Woodford (2003b)

In chapter 7 of Interest and Prices, Woodford (2003b) outlines some devel-

opment about optimal policy he has contributed to. He begin by criticizing

the discretionary approach to optimal policy. Beside the technical difficul-

ties of a discretionary approach with forward-looking variable, the main

argument is that in order to achieve its goal, a central bank should be un-

derstood by the private sector to predictably act in a certain way. He then

depict his related idea of the importance of a rule. Woodford (2003b) ar-

gues that commitment to a rule can greatly improve the predictability of

policy by the private sector and that discretion can be contrary to the goals
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pursued by the central bank. As he did in Woodford (1999), he relates his

belief that the objections to rule-based approach come most of the time

from a misunderstanding of this approach.

Woodford (2003b) then introduces the main idea behind the timeless

perspective. To make an optimal policy time consistent, the central bank

should not adopt the pattern of behavior that would from now on be op-

timal, taking previous expectations as given. Rather it should choose the

pattern of behavior to which it would have wished to commit itself to at a date

far in the past, contingent upon the random events that have occurred since then.

Optimal policy must take account of the advantages of the anticipation of

the policy at earlier dates; and for this reason it must generally be history-

dependent rather than purely forward-looking. The initial period problem

ceases to be a problem when the initial period has long since passed. In

this way, time-consistency problems can be ruled out and policymakers

can re-optimize at each period. Indeed, if the pattern of behavior today

is to adopt the optimal behavior that would have been chosen far in the

past then there is no reason that the pattern of behavior chosen tomor-

row would be drastically different and thereby it should be a continua-

tion of the pattern of behavior of today. Thus the elimination of time-

inconsistency. However, if the timeless perspective can eliminate the time-

inconsistency, this is not without a cost as discussed by Dennis (2001) and

reported below.

5.3 Linear-quadratic approximation and timeless perspec-

tive: Benigno and Woodford (2008)

Benigno and Woodford (2008) advocate the simplicity of the linear-quadratic

approach to solve optimal policy problems with forward-looking constraints.

The authors recognize that alternative methods exist to solve theses prob-
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lems. Among them perturbation methods are popular. Khan et al. (2003)

or Schmitt-Grohe and Uribe (2004a) derive first-order conditions from ex-

act objective and constraints before log-linearization. Others like Schmitt-

Grohe and Uribe (2004c) solve a high-order approximation to the con-

straints beforehand. Benigno and Woodford (2008) argue that the exten-

sive body of theoretical analysis and numerical techniques available for

the linear-quadratic methods and the possibility of easy comparison be-

tween welfare-based methods and ad-hoc stabilization (rules) is a major

advantage.

Benigno and Woodford (2008) solve a problem with both forward-looking

and backward-looking structural relations and take linear-quadratic ap-

proximations. However because of the forward-looking constraints, the

optimal policy at time zero is not time-consistent and furthermore is not

recursive. To obtain a recursive problem the authors use the timeless per-

spective approach and specify time zero values for the endogenous state

variables (and the related constraints) that are self-consistent. In other words,

the policy that is chosen subject to these constraints have to satisfy con-

straints of the same form in all subsequent periods. As a matter of fact, it

then appear that those time zero constraints have to depend on predeter-

mined and/or exogenous variables at time zero or what the authors call an

extended state vector. Then a local linear-quadratic approximation to both

the objective and the constraints is taken around a special case (involving

zero disturbances and specifically chosen initial conditions) so that the co-

efficients of the approximation remain constant over time. From there it

is possible to analyze optimal policy problems in which the disturbances

are small and the initial conditions close to those assumed above. The first

order conditions of the problem are obtained using a Lagrangian and the

manipulation above made sure that those conditions would be the same

in all periods.
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5.4 A comparison between pre-commitment and timeless

perspective : Dennis (2001)

In a simple business cycle model, Dennis (2001) compares optimal policy

under pre-commitment and under the timeless perspective. The pre-commitment

literature impose that the policymaker behave very differently in the ini-

tial period and the subsequent periods such that if the behavior of the

initial period was repeated in later periods then the initially chosen pol-

icy would not be optimal anymore. This is mainly why pre-commitment

does not lead to a standard recursive formulation of the problem. The

usual way for solving such problem is to write down the Lagrangian and

optimize it subject to the constraints. Pre-commitment impose that along

with the first order conditions, initial conditions on Lagrange multipli-

ers associated with periods before the date of the optimization should be

given. It is said that in the first (or optimizing) period, initial conditions

are exploited or that the policymaker is unconstrained by past commit-

ments. Indeed, Currie and Levine (1993) suggest to set Lagrange multipli-

ers of periods before the first period to zero but commit to never do so in

subsequent periods. This initial assumption on Lagrange multiplier pro-

vides the necessary conditions to close the system and gives the problem

a unique stable solution. Once this one time optimization is achieved, the

policymaker is left with a state contingent rule that describe how to set the

policy instruments in every state of the world. The problem is thus never

re-optimized.

As seen previously seen, Woodford (1999) and Woodford (2003b) argue

that the commitment above is inconsistent because there is nothing to stop

the policymaker from re-optimizing after its promise to never do so. In a

timeless perspective it is not necessarily assumed that Lagrange multipliers

prior to some initial period should be set to zero. Then the problem from
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a timeless perspective is to describe how the policymaker should value past

commitments (ie. give value to Lagrange multipliers attached to periods

before the current period). The drawback underlined by Dennis (2001) is

that there are multiple ways to value the past, each leading to a perfectly

valid optimal policy from a timeless perspective. For instance, Walsh (2001)

and McCallum and Nelson (2004) provide one type of valuation of the past

but many other are potential candidates.

6 Conclusion

The literature on optimal policy is vast and rapidly growing with the in-

troduction of new theoretical concepts such as the timeless perspective or

more technical matters such as the development of precise high order ap-

proximations or numerical algorithms to compute policy under discretion.

Creating an unified environment to model and solve those policies is both

a challenge and a very useful work program. For the time being, it is

very difficult to compute and compare the different approaches to opti-

mal policy or commitment technologies without developing most of the

algorithms needed and dwelling deep in technical matters. At the same

time, the literature provide a rich corpus on optimal policy so that both

the need and the conditions required for the development and the success

of Workpackage 1.1 are realized.

21



The Linear Quadratic Approach to

Optimal Macro-Policy Problems: State of

the Art

Paul Levine

University of Surrey

Joseph Pearlman

London Metropolitan University



A LQ approach to nonlinear dynamic optimization problems in macroe-

conomics is widely used for a number of reasons. First, for LQ problems

the characterization of time-consistent and commitment equilibria for a

single policy maker, and even more so for many interacting policymakers,

are well understood. Second, the certainty equivalence property results

in optimal rules that are robust in the sense that they are independent

of the variance-covariance matrix of additive disturbances. Third, policy

can be decomposed into deterministic and stochastic components. This

is a very convenient property since it enables the stochastic stabilization

component to be pursued using simple Taylor-type feedback rules rather

than the exceedingly complex optimal counterpart. Fourth, the stability of

the system is conveniently summarized in terms of eigenvalues. Finally

for sufficiently simple models, LQ approximation allows analytical rather

than numerical solution.

The solution to linear rational expectations models goes back to Blan-

chard and Kahn (1980) and has since been generalized in various dimen-

sions by Pearlman et al. (1986), Klein (2000) and Sims (2003). The early

literature on optimal policy with commitment developed LQ infinite time

horizon control theory for engineering, non-forward-looking models into

a rational expectations (RE) forward-looking context (Driffill (1982), Calvo

(1978)), Miller and Salmon (1985), Levine and Currie (1987)).

In a stochastic environment the feedback representation of policy is

crucial. For the standard infinite time horizon LQ engineering problem,

optimal policy can be represented as a linear time-invariant feedback rule

on the state variables; but this is no longer the case when RE are intro-

duced. Then as is shown in Levine and Currie (1987) the optimal policy

can only be implemented as a form of integral control. The added com-

plexity of such a rule adds force to the case for designing policy in the

form of simple optimized, but sub-optimal rules. The normative case for
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such rules was first put forward by Vines et al. (1983), Levine and Currie

(1985), Currie and Levine (1985) and Currie and Levine (1993). This early

literature considered both monetary and fiscal policy and in the case of

Vines et al. (1983) incomes and exchange rate targeting policies. The posi-

tive case for a particular form of monetary policy interest rate rule feeding

back on current inflation the output gap was advocated by Taylor (1999b),

so simple ‘Maciejowski-Meade-Vines-Currie-Levine Rules’ eventually be-

came known as ‘Taylor Rules’. More recently, in the context of DSGE mod-

els, we have seen a renewed interest in simple rules in general (referred to

by Woodford (2003b) as ‘explicit instrument rules’) and interest rate rules

in particular.

Following the pioneering contributions of Kydland and Prescott (1977)

and Barro and Gordon (1983), the credibility problem associated with mon-

etary policy has stimulated a huge academic literature that has been influ-

ential with policymakers. The central message underlying these contribu-

tions is the existence of significant macroeconomic gains, in some sense,

from ‘enhancing credibility’ through formal commitment to a policy rule

or through institutional arrangements for central banks such as indepen-

dence, transparency, and forward-looking inflation targets, that achieve

the same outcome. The technical reason for this result is that optimal pol-

icy formulated by Pontryagin’s maximum principle is time-inconsistent -

the simple passage of time, even in a deterministic environment, leads to

an incentive to re-optimize and renege on the initial optimal plan. Appre-

ciation of this problem has motivated the examination of policies that are

optimal within the constraint of being time consistent (Levine and Cur-

rie (1985), Miller and Salmon (1985), Currie and Levine (1987), Cohen and

Michel (1988) and Söderlind (1999) )

Comparing optimal policy with and without commitment enables us

then to quantify the stabilization gains from commitment. A number of
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papers have addressed this question (see, for example, Vestin (2001), Ehrmann

and Smets (2003), McCallum and Nelson (2004), and Dennis and Söderström

(2006)), but only in the context of econometric models without micro-

foundations and using an ad hoc loss function, or both, or for rudimen-

tary New Keynesian models. The credibility issue only arises because the

decisions of consumers and firms are forward looking and depends on ex-

pectations of future policy. In the earlier generation of econometric mod-

els lacking micro-foundations, many aspects of such forward-looking be-

haviour were lacking and therefore important sources of time-inconsistency

were missing. Although for simple New Keynesian models a quadratic

approximation of the representative consumer’s utility coincides with the

standard ad hoc loss that penalizes variances of the output gap and infla-

tion, in more developed DSGE models this is far from the case. By utilizing

an influential empirical micro-founded DSGE model, the euro area model

of Smets and Wouters (2003), Levine et al. (2008) use a quadratic approx-

imation of the representative household’s utility as the welfare criterion,

toe remedy these deficiencies of earlier estimates of commitment gains.

An further important consideration when addressing the gains from

commitment, and missing from these earlier studies, is the existence of a

nominal interest rate zero lower bound. A number of papers have stud-

ied optimal commitment policy with this constraint (for example, Coenen

and Wieland (2003), Eggertsson and Woodford (2003), Woodford (2003b),

chapter 6). In an important contribution to the credibility literature, Adam

and Billi (2007) show that ignoring the zero lower bound constraint for the

setting of the nominal interest rate can result in considerably underesti-

mating the stabilization gain from commitment. The reason for this is that

under discretion the monetary authority cannot make credible promises

about future policy. For a given setting of future interest rates the volatil-

ity of inflation is driven up by the expectations of the private sector that
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the monetary authority will re-optimize in the future. This means that to

achieve a given low volatility of inflation the lower bound is reached more

often under discretion than under commitment. All these authors study a

simple New Keynesaian and are able to employ non-linear techniques. In

a more developed model such as Smets and Wouters (2003), Levine et al.

(2008) adopt the more tractable linear-quadratic (LQ) framework reviewed

above.

But what is the correct procedure for replacing a stochastic nonlinear

optimization problem with a LQ approximation? As pointed out by Judd

(1998), some common methods employed by economists have produced

poor approximations which fail to consistently incorporate all relevant

second-order terms and thus open up the possibility of spurious results.

These pitfalls are also very neatly exposed in Kim and Kim (2003) and Kim

and Kim (2006).

Judd (1998), pages 507-509, draws attention to a general Hamiltonian

framework for approximating a nonlinear problem by an LQ one due to

Magill (1977a), who appears to be the first to have applied it in the eco-

nomics literature, albeit in a continuous-time framework.1 This paper is

the precursor to a recent literature led by Michael Woodford that consid-

ers an LQ approximation to the Ramsey problem in the context of DSGE

models.2 Levine et al. (2008) also apply the Hamiltonian approach to non-

linear problems in a two-country context to obtain an LQ approximation.

1See also, Magill (1977b).
2See Woodford (2003b), Benigno and Woodford (2003, 2005), Altissimo et al. (2005),

Benigno and Woodford (2008) for one-country models and Benigno and Benigno (2006)

for a two-country generalization. The large distortions’ case of Benigno and Woodford

(2003) and Benigno and Benigno (2006) uses the method of undetermined coefficients,

but their more recent work uses what amounts to the Hamiltonian approach of Magill

which involves less algebraic manipulation and provides a more convenient algorithm

suitable for numerical computation.
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It should be noted that the Judd second-order perturbation and Hamilto-

nian approaches generate the same LQ approximation.

Both Benigno and Woodford (2008) and Levine et al. (2008) develop the

Magill framework in presenting a discrete-time version of his results gen-

eralized to rational expectations models with forward-looking variables.

These results include second-order necessary conditions for non-concave

intertemporal problems which are rarely discussed in the literature and

have not been published anywhere for forward-looking systems. Levine

et al. (2008) explain how these conditions relate to the non-optimality of

zero inflation for certain parameter combinations in a New Keynesian set-

ting.

The underlying idea behind LQ approximation is that it is an approxi-

mation that is valid in the vicinity of the steady state of the optimal solu-

tion to the policy problem. This poses no problems for a purely backward-

looking system, but is potentially controversial in economics, given that

some behaviour is forward-looking. It would seem therefore that there is

potentially one steady state that is a solution to the policy problem when

the policymaker can commit, and another when the policymaker cannot.

In the first case, the steady state may be solved from the steady state of the

first-order conditions for an optimum; this is identical to the case when all

forward-looking expectations are treated as though they were dependent

on the other variables in the equations in which they appear, so that in

effect they are backward-looking3. In the second case, the time-consistent

solution must be Markov perfect, which requires that forward expecta-

tions be expressed in terms of variables which are backward looking; the

optimal solution must then be consistent with this assumed behaviour.

However, apart from LQ problems there is no known way to calculate the

3Of course the dynamic behaviour is different from the forward-looking case, as the

initial conditions in the latter case can jump.
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solutions to these time-consistent problems in which the policymaker can-

not commit. In addition there is the issue of whether there are further pos-

sible steady states which take account of the policymaker merely applying

an optimal simple (e.g. Taylor-type monetary) rule.

The literature however appears to have converged to a view that most

policymakers have the ability to commit to a long-run value of the policy

variable, but there is no guarantee that they have the ability or institutional

power to pre-commit to responses to shocks. It follows that one can use

an LQ approximation derived from perturbations about the deterministic

long run of the fully optimal (pre-commitment) solution, which yields a

linear approximation to the dynamics and the quadratic approximation to

the welfare. This in turn can be applied to solve the response to shocks

under any further behavioural assumption - pre-commitment, time con-

sistency or commitment to simple rules. A variation on the optimal rule

is the timeless approach due to Woodford (1999), which has been shown

by Blake and Kirsanova (2004) to be sometimes inferior to time-consistent

policy and by Ellison et al. (2009) to suffer from lack of transparency.

A useful property of the LQ approximation is that when it is extended

to include shocks as well, then the quadratic approximation of the welfare

can be expressed in terms of targets or ‘bliss points’ for linear combina-

tions of macroeconomic variables. Such a property fits in with the notion

of targeting rules proposed by Svensson (2003, 2005).

For two decades or more many macroeconomists ’forgot’ the work of

Magill (1977a), and proceeded by linearizing the dynamics and taking

quadratic approximations of the welfare function, which leads to wrong

results. For a number of years from about 2000-2006, the LQ approxima-

tion to the Ramsey problem was analysed for the ‘efficient case’ (where

subsidies eliminate distortions in the steady state due typically to price or

wage frictions) and the ‘small distortions case’ where such subsidies are
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not available, but for which the steady state was similar to that of effi-

ciency. However with the resurrection of the Hamiltonian approach the

so-called ’large distortions’ or LQ approach is becoming the norm.

In the multi-country case one can again apply the Hamiltonian ap-

proach to obtain an LQ approximation for both cooperation and non-cooperation.

For cooperation, the LQ approximation is tackled in the same way as

described above. However for non-cooperation one needs to carefully

choose the appropriate solution concept for the equilibrium of the non-

cooperative game. As ever with games between two parties there is the

choice of equilibrium concept given the instrument. If this is open-loop

Nash, this means that the instrument is chosen subject to the set of future

instrument values chosen by the other player, and this is ideally suited to

obtaining an LQ approximation using the Hamiltonian approach. The al-

ternative is closed-loop Nash, for which the sequence of the other player’s

instruments is known to be dependent on the other system variables, and

this is taken into account by the policymaker when setting its instrument.

However the latter concept has a solution that can only be obtained nu-

merically even in the LQ case and, as far as we are aware, has not been

characterized for nonlinear problems. For reasons of tractability therefore,

the open-loop Nash concept is likely to be used by most practitioners.

Further work on policy design takes LQ approximation as given and

addresses issues of robustness or the zero lower bound constraint for in-

terest rates, and this is a further Dynare theme that will be addressed by

the authors in the future.
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1 Introduction

Workpackage 2.1 of the MONFISPOL1 proposal has for main objective the

maximization of efficiency gains in the estimation procedure of optimal

policy problems. As the problems that need to be solved become larger

and larger, faster algorithms and various other approaches are indispens-

able. This workpackage addresses these issues and explores the paths of

model decomposition, faster convergence algorithms and parallel com-

puting implementation.

This review is organized as follows. A first section describes decom-

position methods and most notably stacked-time algorithms along with

Newton steps. In a second section the problem of the convergence of

Markov Chain Monte Carlo algorithms are discussed. Finally, the last sec-

tion briefly consider the implementation of parallelized code into DYNARE.

2 Model decomposition

Solving efficiently large forward-looking models has been a major concern

in the macroeconometric literature. Although DSGE models are not in

general as large as usual macroeconometric models, methods developed

for larger models can be used at the advantage of the current generation of

DSGE models. DYNARE can be integrated in such a process. We review

several methods that decompose an original forward-looking problem to

accelerate solving time and save on resources.

1Modeling and Implementation of Optimal Fiscal and Monetary Policy Algorithms in

Multi-Country Econometric Models
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2.1 Stacked-Time algorithm for solving forward-looking model:

Hollinger (1996)

Forward-looking rational expectations model are at the heart of this gen-

eration of DSGE models. However the forward-looking structure appeals

for efficient solving algorithms as the model have more variables than

purely backward-looking versions. Hollinger (1996) provides a stacked-

time algorithm which is a direct solution method compared to iterative

procedures such as the Fair-Taylor approach.

A nonlinear forward looking model is a system of n equations and n

endogenous time series variables that may have lags and/or leads. In

general the model is completed by exogenous time series variables and

parameters. Thus the problem can be expressed as a set of equations at a

given time depending on a vector of variables. Solving the model imply

finding the zero of this set of equation simultaneously and for all periods

considered. The Fair-Taylor approach solves the model for a specified time

horizon by considering the lead variables as exogenous. Then an iteration

procedure is used until convergence of the leads. Instead, the stacked-time

approach embeds every set of equations for every time period considered

in a unique system expressed in its matrix representation. To find the zero

of this system, a Newton-Raphson method is used along with the Jacobian

of the matrix representation. One interesting point is that this stacked Ja-

cobian is often too large to be used directly and a block decomposition is

performed following the work of Laffargue (1990), Boucekkine (1995) and

Juillard (1996). This decomposition is performed to obtain a matrix repre-

sentation of the partial derivatives with respect to the lagged, current and

lead variables that can then be triangularized.

Hollinger (1996) algorithm exploit the sparsity of the matrixes contain-

ing lead, lagged and current variables to reduce computing time and mem-
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ory usage. A preprocessing stage is used to analyze the model and define

variables with leads and lags and build separate matrixes for each type.

The solution stage is mainly the Newton-Raphson iteration with refine-

ments.

2.2 Sparse direct methods: Gilli and Pauletto (1997)

Gilli and Pauletto (1997) builds on Newton-type methods and the stacked-

time approach described in Hollinger (1996) above. Methods to efficiently

use the sparse structure of matrixes are described. In Gilli and Pauletto

(1997), the original problem is linearized and written in its stacked form.

Then a recursive decomposition is used to solve the model. To do so the

incidence matrix of the sum of the matrixes of derivatives relative to lead,

lagged and current period is obtained. If this incidence matrix can be put

into block triangular form then the original Jacobian matrix can also be

decomposed into block recursive form so that the problem can be solved

in a sequence of smaller subproblems.

The second part of Gilli and Pauletto (1997) is concerned with refine-

ments to the Newton step. A first approach is the multiple block diagonal

LU decomposition of the original Jacobian matrix. Submatrixes L and U

can be determined recursively and afterwards the solution can be obtained

by block forward and back substitution. However this method does not

guarantee the numerical stability of the process. The second method ex-

plored by Gilli and Pauletto (1997) is labeled safer and uses a sparse linear

solver in the Newton step. The authors describe the elements of their own

solver. The main idea of the method is to use substitution one variable

at a time similarly to a pivot approach. The authors refer to it as Sparse

Gaussian elimination. A directed graph is used to represent the problem

and the adjacency matrix to this graph correspond to the incidence matrix
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of the original Jacobian matrix.

Gilli and Pauletto (1997) argue that the Sparse Gaussian elimination

method is an important improvement where stack size remain below large.

For large stack size, the LU decomposition is recommended. However, it

is confirmed that the Newton methods outperforms the iterative Gauss-

Seidel type algorithms.

2.3 Krylov methods: Gilli and Pauletto (1998)

Gilli and Pauletto (1998) uses a Newton method in conjunction with a

Krylov method to solve a forward looking rational expectations problem.

In short, an approximate solution to the original problem is computed fol-

lowing the so called inexact method with the Krylov approach. The advan-

tages of this approach are faster convergence and the possibility of glob-

ally convergent behavior.

Krylov methods2 –also called non-stationary iterative methods, because

information change from iteration to iteration– are a family of methods

adapted to sparse matrix computation that require little storage and fea-

ture faster convergence speeds. In general those methods solve a system

of type Ax = b by iterating on equation of type xi = xi−1 + d, where

xi is the ith iterate and di is a set of direction vectors. The authors de-

tail some of these methods. The Conjugate gradient method for instance

solves symmetric positive definite systems, in a way that each iteration

produces the largest decrease in the objective function while keeping the

direction vectors A-orthogonal. The Generalized minimal residual method

is another example to solve non-symmetric linear systems which is an ex-

tension of the Conjugate gradient method. The Biconjugate gradient method

uses a slightly different approach as it is based on two mutually orthogo-

2See for instance Barrett and Romine (1994) for further details.
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nal sequences of residual vectors and A-orthogonal direction vectors. As

this latter method has shortcomings such as erratic behavior and break-

downs, the Quasi-minimal residual method is an improvement that allows

skipping potential breakdown iterations.

With an application to an actual case –the IMF MULTIMOD model–

the authors show that the inexact approach has advantages over the di-

rect exact approach detailed in the above two papers. Those advantages

are memory efficiency and lower computational cost. However, the short-

comings are that the improvements are model dependent and that exact

methods are more robust.

2.4 Extended Feedback Jacobians: van’t Veer (2006)

van’t Veer (2006) is another improvement over the stacked-time approach.

Here the stacked-time approach is applied to only a small subset of endoge-

nous model variables. As a consequence, smaller Jacobians need to be

computed thus leading to less calculations to solve the model.

The main idea in van’t Veer (2006) is to order a normalized model prior

to solving. The ordering produces a feedback set which is a small subset of

the endogenous variables of the original problem. The ordering splits the

model in four parts: (1) prologue variables which depend only on lagged,

exogenous or previously computed prologue variables, (2) feedback vari-

ables, which are a subset of endogenous variables (3) recursive simulta-

neous block equations, which, given the feedback variables, can be com-

puted recursively, (4) epilogue variables that can be computed recursively

once all the other variables have been determined. A second ordering

stage is added to ensure that lead variables are part of the feedback set.

Once the ordering is achieved, a Newton step is invoked but only on

the feedback variables. Other refinements are introduced at this step. First,
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quasi Newton methods that avoid calculation of the Jacobian at each step

are used. Second, the author introduce a Shift Jacobian approach where

derivatives for a set of periods ahead are approximated by derivatives

closer in time.

Finally the author also describes a method where instead of calculating

the Jacobian for the whole time-path, separate Jacobians are calculated for

subperiods. Newton method is then applied to each subperiod. The solu-

tion is then reached by iterating over the subperiods until convergence.

3 Markov Chain Monte Carlo convergence

Markov Chain Monte Carlo methods are widely used in DSGE models no-

tably in conjunction with Bayesian estimation. However, a limiting factor

in terms of speed and resources is the convergence in the Markov Chain

Monte Carlo step. We review convergence diagnostics and a recent im-

provement in Markov Chain Monte Carlo algorithms.

3.1 Markov Chain Monte Carlo convergence diagnostics:

Cowles and Carlin (1996)

The authors underline the general usefulness and power of Markov Chain

Monte Carlo methods, specifically when applied to a Bayesian approach.

However, they also report that it is difficult to decide when it is safe to ter-

minate a Markov Chain Monte Carlo step and accept convergence. More-

over, a Markov Chain Monte Carlo method produces a sample from a dis-

tribution whose elements will generally be correlated. This will slow the

convergence and ”corrupt” the determination of output based variances.

Cowles and Carlin (1996) explain that the literature has explored solutions
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to this problem in two directions. A theoretical approach tries to analyze

the Markov transition kernel in order to derive a number of iterations that

will ensure convergence. But this approach is laborious because of its com-

plexity and lack of generally applicable methods. The applied approach

has been to use diagnostic tools to test and accept convergence. A first

such attempt was to compare the empirical distribution produced at each

consecutive iteration with each other and use a criterion of ”closeness” in

order to stop the algorithm. The authors underline that because the sta-

tionary distribution underlying the process will always be unknown, any

convergence diagnostic will likely waste resources and display premature

convergence.

Nevertheless the authors discuss many convergence diagnostics3 and

conclude that many of the Markov Chain Monte Carlo diagnostics are dif-

ficult to use and can fail in their role. Cowles and Carlin (1996) advocate

for the use a set of diagnostics rather than a single one.

3.2 Tailored randomized block MCMC methods: Chib and

Ramamurthy (2009)

In this recent contribution, the authors develop a new Markov Chain Monte

Carlo method for the estimation of Bayesian models and explore applica-

tions to the DSGE case. Chib and Ramamurthy (2009) introduce a refine-

ment of the well-known Metropolis-Hastings method they call tailored

randomized block (TaRB-MH) approach. The authors underline the fact

3See paper for a detailed review. The authors sample Gelman and Rubin (1992),

Raftery and Lewis (1992), Garren and Smith (1993), Geweke (1992), Johnson (1994),

Liu, Liu, and Rubin (1992), Mykland, Tiermey, and Yu (1995), Ritter and Tanner (1992),

Roberts (1992, 1994), Yu (1994), Yu and Mykland (1994), and Zellner and Min (1995) con-

vergence diagnostic methods.
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that the current generation of Markov Chain Monte Carlo algorithm re-

quire tuning when applied to DSGE models as the posterior distribution in

the Bayesian approach can be irregular. One main problem is the slow dis-

appearance of initial conditions and subsequently the need of large simu-

lations samples that in turn reduce the speed of the method. Also, the au-

thors argue that setting the variance of the increment of the random walk

process can be difficult and thus lead to slow convergence to the posterior

distribution and high serial correlation.

The TaRB-MH combines tailored proposals developed in Chib and Green-

berg (1994) with a flexible blocking strategy that eliminates pre-run tuning.

The parameters of the model are clustered at every iteration into a ran-

dom number of blocks and each block is sequentially updated through a

Metropolis-Hastings step where the proposal density is adapted to mimic

the target density of that block. The authors demonstrate the usefulness

of their algorithm with several examples, and notably Smets and Wouters

(2007a). In this example, the authors report that serial correlations per-

sist at lags 2500 and beyond with a standard approach whereas with their

TaRB-MH routine they reduce to about 40 lags. One drawback is the seri-

ously longer time an iteration of the TaRB-MH routine takes to complete.

The authors argue that this is more than compensated by the gains of not

pre-tuning and the more general usability of their approach compared to

the standard method.

4 A note about parallelization

Parallel computing methods in the MONFISPOL proposal is part of work-

package 2.2. However integration into DYNARE of parallelization meth-

ods is part of workpackage 2.1. Thus, this survey provides an example of
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how this task can be performed through the contribution of Azzini et al.

(2007). In this paper, the authors argue that the fast development of multi-

processor (or multi-cores) on PC type computers leads to revising code in

order for them to run in parallel threads. They carry out a parallelization

of the Bayesian estimation of a DSGE model in the MatLab DYNARE en-

vironment. The authors test their procedure on the Metropolis algorithm

which performs the Markov Chain Monte Carlo integration. The idea is

to create a process that hands back the execution of the code from Mat-

Lab to the operating system when the Metropolis algorithm is called and

then to let the operating system perform the execution of the algorithm in

parallel threads. The authors report considerable time gains with this pro-

cedure. Additionally, Pauletto and Gilli (2000a) perform a parallelization

experiment of a large forward-looking rational expectations model using

the Newton-Krylov approach, however not in the MatLab/DYNARE en-

vironment.

5 Conclusion

The MONFISPOL proposal is an important step to develop an integrated

environment –DYNARE– for the analysis of optimal policy. DYNARE is

already a fast and user friendly tool for solving and estimating DSGE mod-

els. The addition of optimal policy tools through the MONFISPOL pro-

posal needs to be accompanied by improvements in algorithms and tech-

niques along the implementation process of these tools. Workpackage 2.1

has precisely this goal. Through refinements in solution algorithms, con-

vergence methods and better implementation, workpackage 2.1 ensures

that DYNARE remains fast and user friendly.
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Till recent years, economists used desktop computers with a single pro-

cessor for most of their computing need (Creel and Goffe (2008)).

Every year computer performances increased according to Moore law’s

(Moore (1965)) and economists were able to handle more difficult prob-

lems with great numerical accuracy. Most of these performance gains de-

rived from the increase in the frequency of the CPU’s clock signal.

Nevertheless, from 2002, the increases in CPU’s clock began to reveal some

limitations mainly related with heat dissipation (Ramanathan (2006)). In

order to overcome these limitations and continue delivering regular per-

formance improvements, manufactures like Intel and AMD (Intel (2009)

and AMD – Advanced Micro Device (2009)) started to produce a new

kind of Microprocessors: Multicore CPU’s (Intel (2009) and AMD – Ad-

vanced Micro Device (2009)). A Multi-core microprocessor combines two

or more independent processors into a single package. In addition to this,

improvements in computers network (hardware and software, (Top500

(2009)) allowed to easily interconnect computers to work in clusters. A

cluster is a group of networked computers that have software installed

that allows them to simultaneously work on different parts of a single

problem (Top500 (2009) and Creel and Goffe (2008)).

Today, computers with multi-core CPU interconnected in clusters can

be found in almost all research institutions or companies.

To take advantage from this new computational scenario, software must

be redesigned in order to allow parallel computation, and the prime bene-

fit to parallelizing code is the potential speedup (i.e. how much a parallel

algorithm is faster than a corresponding sequential algorithm).

In incoming years economists will be able to program multi-core pro-

cessors with tools they have not used before (Creel and Goffe (2008)).

At present, there are different ways to do this (Barney (2009) and Creel
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and Goffe (2008)) and, probably, in the next years new solutions will be

found. Software parallelization generally requires some type of communi-

cation between the concurrent running parts. The process inter-communication

is a very important and critical aspect in parallel computation: for this

reason the different strategies used for parallel coding can be classified

according to the communication scheme adopted. We can distinguish be-

tween:

1. Data Parallelism (also known as loop-level parallelism) is a parallel

scheme inherent to program loops (like “for” cycles) and is based on dis-

tributing the data to be processed in parallel across different CPU cores or

computing nodes (Culler et al. (1999)). In other words, Data Parallelism

executes the same operations on different portions of a large data set. A

Monte Carlo study is an example of this. The sequence of random num-

bers that are inputs can be thought of as the data set. A given operation,

such as a simulation of a DSGE model, is applied in parallel to all portions

of the data set. This operation can be done simultaneously (in parallel)

using a number of different cores or computers or cores and computers,

each of which writes its results to a file (Creel and Goffe (2008)) and (Azz-

ini et al. (2007)). A ‘master process’ finally collects all the stored results to

post-process them.

2. Symmetric multiprocessing (SMP or shared memory architecture)

involves a multiprocessor computer-architecture where two or more iden-

tical processors can be connected to a single shared main memory. Most

common multiprocessor systems today use SMP architecture. In the case

of multi-core processors, the SMP architecture applies to the cores, treat-

ing them as separate processors. In this scenario CPUs communicate us-

ing memory (i.e. one CPU stores a value in a memory location that an-

other uses). There are two different ways to implement parallelization

on shared memory systems (Creel and Goffe (2008)). One method is to ap-
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ply ‘automatic’ procedures, using specialized compilers that can recognize

parallelizable sections. A second way is to allow users to indicate which

sections have to be parallelized and to give instructions to the compiler

on how to do so. The OpenMP project (OpenMP (2009)), is an example

for this strategy in C/C++ and FORTRAN. Unfortunately, software writ-

ten using OpenMP will not execute in parallel on a group of computer

that are interconnected via network (distributed memory systems), which

limits the portability of codes that uses OpenMP. Another limitation is that

shared memory systems that are currently available have a relatively mod-

est number of processors, which limits the maximum attainable speedup.

3. In message passing interface (MPI) different parallel processes coordi-

nate their actions by sending message between them. Forms of messages

include function invocation, signals, and data packets. This solution is es-

sentially used in distributed systems or cluster and some type of MPI can

also be used on shared memory machines.

Beside these three historical solutions, some recent hardware and soft-

ware developments can have some impact on parallel computing.

An example is given by ATI: ATI Technologies Inc. (ATI) was a ma-

jor designer and supplier of graphics processing units and motherboard

chipsets. In 2006, the company was acquired by Advanced Micro Devices

(AMD) and was renamed as AMD Graphics Product Group (ATI AMD

Graphics Product Group (2009)). The ATI Stream technology is a set of

advanced hardware and software technologies that enable AMD graphics

processors (GPU), working together with the system’s central processor

(CPU), to accelerate many applications beyond just graphic ones. This im-

plied that parallel problems other than graphic ones can be well mapped

on the GPU architecture.

Another interesting emerging scenario in parallel computing is given

by the Cell Processor. The Cell (Cell Project (2009)) is a microprocessor
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architecture jointly developed by Sony Computer Entertainment, Toshiba,

and IBM. The first major commercial application of Cell was in Sony’s

PlayStation 3 game console. However, the Cell processor is also very good

for scientific use (Williams et al. (2006)) and parallel computing. IBM’s

latest supercomputer, IBM Roadrunner, is a hybrid of General Purpose

CISC Opteron (AMD – Advanced Micro Device (2009)) and Cell proces-

sors. This system ranked first on the June 2008 Top 500 (Top500 (2009)).

Finally, clusters of PlayStation 3 consoles are an attractive alternative

to traditional computer clusters. Innovative Computing Laboratory, in

the Computer Science Department at the University of Tennessee, investi-

gated such an application in depth (Buttari (2007)): their key conclusion

is that on one side the simple CELL processor technology allows pro-

grammers to have full control of processor features, while computational

improvements in ‘common’ processor technologies ‘can only be obtained

with a good exploitation of cache memories whose behavior can be con-

trolled by the programmer only indirectly’. On the other side ‘the major

shortcomings of the current CELL processor for numerical application is

the relatively slow speed of the double precision arithmetic’. As a results

the attractiveness of CELL processor architecture ‘will depend on the ap-

plication’s characteristics. For many applications, the limitations noted

above will render the PlayStation 3 ineffective for clustering and severely

limited for many scientific computations.’ Furthermore ‘writing efficient

and fast code for the CELL processor is, in fact, a difficult task since it re-

quires a deep knowledge of the processor architecture, of the development

environment and some experience’.

The methodologies described above allow writing parallel codes across

different computational software and hardware architecture. Nevertheless

their application is not general and it is not easy for applied economists.

There are a number of parallel computing applications in computa-
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tional economics, a tentative list follows.

Creel and Goffe (2008), must be considered as the main reference for the

domain, they provide a survey of the state of art in parallel computing

for economists, they discuss several architectures and provide examples

of code written for Multi-core CPU.

Lee and Wiswall (2007), ‘generalizes the widely used Nelder and Mead

(1965), simplex algorithm to parallel processors. Unlike most previous

parallelization methods, which are based on parallelizing the tasks re-

quired to compute a specific objective function given a vector of param-

eters, their parallel simplex algorithm uses parallelization at the parame-

ter level’. ‘In a series of Monte Carlo experiments, the authors show that

this parallel simplex method yields computational savings in some exper-

iments up to three times the number of processors’.

Ferrall (2005), provides a computationally efficient way to solve Finite

Mixture Models taking advantage of parallel architectures.

Kontoghiorghes (2005) Handbook provides an overview of parallel appli-

cation in econometrics.

Swann (2002), demonstrate a method that can solve a maximum likeli-

hood problem using the MPI message passing library. It provides one of

the first examples of the use op MPI library in computational economics.

Pauletto and Gilli (2000b) investigate parallel solution methods to sim-

ulate large-scale macroeconometric models with forward-looking variables.

They apply the Newton-Krylov algorithm, concentrating on a parallel so-

lution to the sparse linear system arising in the Newton algorithm.

The aim of this survey is to show that parallel computing is still at

its infancy in computational economics and it mainly refers to single ap-

plications, whose replication would be difficult without intervention of a

skilled computational economist or an IT expert.
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There have been some recent attempts to simplify the use of parallel

computing in computational economics. Creel (2005) shows ‘how high

level matrix programming language (for examples MathWorks (2009), GAUSS

(2009), Octave (2009) and so on) may be used to perform Monte Carlo

simulation, bootstrapping, estimation by maximum likelihood and GMM,

and kernel regression in parallel on symmetric multiprocessor computers

or clusters of workstations’. The applications are run on a cluster of com-

puters set up with Parallel Knoppix a re-mastering of Knoppix a Linux

file system that provides a user friendly way to set up a cluster of com-

puters. Computations are carried on in ‘GNU Octave: a freely available

HLMP language that has a syntax that is compatible with MATLAB. Most

MATLAB scripts will run unmodified under Octave’.

Doornik et al. (2005), propose a simplified approach to parallel com-

puting taking advantage of MPI library.

Kontoghiorghes (2000), proposes a number of parallel algorithms to solve

linear models.

Given this scenario, many research Institutions and Companies in the

world are presently considering and proposing new applications of paral-

lel computing for economic applications.

The new hardware architectures mentioned in this summary can allow

economists to develop and manage more and more complex models. The

challenge for the next years concerns software developments: we need to

write a new generation of software tools for parallel computing in eco-

nomics. These software’s need to be ‘general’, easily to use, adaptive, and

transportable. A first research attempt in this direction can be found in

(Azzini et al. (2007)). In this first application in Team (2009) we showed

how consistent reduction in computing time in Baysian estimation of SDGE

macroeconomic model can be obtained with minor code modifications and

taking advantage of PsTools freeware (PsTools (2007)).

46



In MONFISPOL we will progressively extend this initial attempt in order

to make these resources ready to use for applied economists, without the

need of the support of IT experts. The philosophy of our approach is in

line with Creel (2007), Doornik et al. (2002): we will develop parallel solu-

tions that should be as general as possible.

On one side we will tailor our parallel routines on the main requirements

of the DYNARE user’s community, but on the other they will try to en-

hance as much as possible the portability and usability of our routines.

To do this we plan to follow the approach tested in Azzini et al. (2007),

where the management of parallel threads is developed at operating sys-

tem level. In this way the parallel techniques were not exclusively usable

in a MATLAB/DYNARE environment but could be replicated in other

working environments via operating system calls.
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Dynamic stochastic general equilibrium (DSGE) models are a standard

tool of modern macroeconomics. Until recent past, these models were

merely calibrated, while only reduced-form VAR models or single Eu-

ler equations were confronted directly to data and estimated. In the last

years, the literature on the estimation of DSGE models has rapidly grown

(e.g. Schorfheide, 2000; Smets and Wouters, 2003; Ireland, 2004; Adolfson

et al., 2005; Straub and Coenen, 2005; Lubik and Schorfheide, 2007, 2005;

Juillard et al., 2006; Smets and Wouters, 2007b; Ratto et al., 2009), provid-

ing evidence that micro-founded DSGE models can fit the data as well

as reduced-form VAR models. DSGE models of quite significant degree

of complexity are now being developed, estimated and used for policy

analysis by economic policy institutions (European Central Bank, Federal

Reserve Board, IMF, the European Commission).

The question of parameter identification is rarely addressed in the em-

pirical DSGE literature, although identifiability is a fundamental prerequi-

site for estimating structural models. Concerns about potential relevance

of this issue in DSGE modeling is not new and has been pointed out,

among others, by Sargent (1976) and Pesaran (1987). More recently, Beyer

and Farmer (2004) and Canova and Sala (2009) provide examples of lack

of identification of widely used models.

Rothenberg (1971) provides a general condition for identification of

parametric models. In a maximum likelihood context, the condition is that

the information matrix must be non-singular at the true value of the pa-

rameters. This result, however, can be applied for detecting identification

problems for other extremum estimators as well, and not only likelihood-

based methods. The general criterion for identifiability is that the Hes-

sian of the objective function is of full rank. Another, less general result

in Rothenberg (1971) provides the basis for an alternative method for de-

termining identification in parametric models. The approach is based on
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the relationship between the parameters of interest, and characteristics of

the probability distribution of the data (e.g. moment restrictions), and es-

sentially consists of studying the uniqueness of a solution to a system of

equations. In this framework, Johansen (1995) and Lucchetti (2006) pro-

vide sufficient and necessary conditions for identification in linear sys-

tems, based on setting algebraic conditions on a set of linear restrictions,

with application to simultaneous equations, cointegration and identifica-

tion of covariance structures.

Canova and Sala make an attempt to a systematic study identification

issues in DSGE models:

• they approach parameter identification from the perspective of lim-

ited information estimation methods (namely, impulse response match-

ing);

• they suggest ex-post checks for possible identification problems: namely

they study identification in the neighborhood of a particular point in

the parameter space (i.e. the ‘optimum’ provided by the estimation

algorithm), using a numerical approximation of the Hessian of the

objective function.

Iskrev (2008a) gives a fundamental contribution in addressing identi-

fication rigorously, from a general and ex-ante perspective and with very

important analytic developments:

1. he approaches parameter identification from the perspective of a full

information estimation method;

2. he evaluates the information matrix analytically (Iskrev, 2008b) and

is able to distinguish between the model structure and the data as

sources of identification problems;
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3. he studies the local identification of a large number of points drawn

randomly (with Monte Carlo sampling) from everywhere in the space

of model deep parameters. Thus aims to characterize parameter

identification from a global instead of a local perspective. The full,

global identification assessment remains a challenging and open prob-

lem.

Komunjer (2008) discusses global identification in nonlinear models

with moment restrictions. She provides conditions under which param-

eter values satisfying those restrictions are unique and gives sufficient

conditions for identifiability of parameters in an instrumental variables

context.

The issue of weak identification is also an important aspect in parame-

ter estimation. When checking rank and sign conditions on Hessian and/or

Jacobian, the proper characterization of the ‘grey area’ of ‘near-singularity’

is also an important element for a complete understanding of the model

empirical properties. This problem is discussed in some detail in Iskrev

(2008a), who performs a detailed analysis of the Hessian condition num-

ber and parameter multi-collinearity across the Monte Carlo sample.

In the context of Monte Carlo based analytic tools, Ratto (2008) pro-

posed the use of global sensitivity analysis tools to analyze properties of

DSGE models. Ratto (2007) presents a number of methods for:

• the mapping of stability and indeterminacy conditions of the DSGE

model;

• the mapping of the relationship between the reduced form solution

of linearized DSGE models and their deep parameters;

• an in-depth analysis of the fitting properties of the estimated DSGE
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model, to highlight possible ‘conflicts’ in the optimal fit to the differ-

ent observed series (e.g. inflation vs. GDP).

These tools provide an ensemble of methodologies that also give in-

sight into the identifiability structure of DSGE models, specially from the

global perspective. Moreover, mapping techniques discussed in Ratto (2008)

can be applied to characterize weak identification.

This survey on identification highlights that the lack of formal identi-

fication analysis in the empirical DSGE literature is somehow justified by

the need to implement a number of analytical tools that are not of common

use. Main objectives of MONFISPOL will be therefore to:

1. consider the problem of identification from a global perspective;

2. use of global sensitivity analysis techniques to map weak identifica-

tion problems.

3. make tools and methodologies more easily available to economists

under the DYNARE platform.
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A large recent literature has relaxed the extreme information assump-

tions of standard rational expectations in what are now referred to as Dy-

namic Stochastic General Equilibrium (DSGE) models. There are many

approaches on offer ranging from those that stay within the conventional

rational expectations paradigm to behavioral alternatives. In the former

category are a number of refinements are on offer that assume that agents

are not able to perfectly observe states that define the economy. Thus

Pearlman et al. (1986) propose a general framework for introducing in-

formation limitations at the point agents form expectations. Pearlman

(1992), Svensson and Woodford (2001) and Svensson and Woodford (2003)

use this framework to study optimal monetary policy. Collard and Del-

las (2004), Collard and Dellas (2006) (discussed below) investigate empir-

ical issues associated with imperfect information. The ‘Rational Inatten-

tion’ literature that includes Mankiw and Reis (2002), Sims (2005), Adam

(2007), Luo and Young (2009), Luo (2006)) and Reis (2009) fits into this

agenda. The basic idea is that agents can process information subject to

a constraint that places an upper bound on the information flow. These

studies assume homogeneous agents with a common information set, or

a simple form of aggregation across staggered information up-dating; the

examination of diverse agents with diverse information sets goes back to

Townsend (1983) and have been recently developed by Woodford (2003a)

and Pearlman and Sargent (2003).

A more drastic deviation from rational expectations is provided by the

statistical rational learning literature pioneered by Evans and Honkapohja

(2000). This introduces a specific form of bounded rationality in which

utility-maximizing agents make forecasts in each period based on stan-

dard econometric techniques such as least squares. In many cases this

converges to a rational expectations equilibrium. All these refinements

contrast with the drastic behavioral alternative offered by the very recent
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‘Animal Spirits’ approach (Akerlof and Shiller (2009), DeGrauwe (2009)),

the latter paper proposing a radical alternative to a standard New Keyne-

sian model with rational expectations.

At the same time the formal estimation of DSGE models by Bayesian

methods has become standard.1 However, as Levine et al. (2007) first

point out, most of this DSGE estimation makes asymmetric information

assumptions where perfect information about past shocks is available to

the economic agents, but not to the econometricians. Although perfect in-

formation on idiosyncratic shocks may be available to economic agents, it

is implausible to assume that they have full information on economy-wide

shocks. It therefore makes sense to address empirically alternative infor-

mation assumptions in order to assess whether parameter estimates are

consistent across these assumptions and whether these alternatives lead

to a better model fit.

Recent empirical papers by Collard et al. (2009) and Levine et al. (2009)

stay within the conventional rational expectations framework but relax the

extreme perfect information assumptions for the private sector. They focus

on a fairly standard New Keynesian (NK) macro-model, and make the as-

sumption that either agents are better informed than the econometricians

(the standard asymmetric information case in the estimation literature) or

that they both have only the same imperfect information available, and

that there is informational symmetry. The solution in the latter case was

obtained for a completely general linear rational expectations model by

Pearlman et al. (1986). Notable results from estimation involve closing

down the two endogenous persistence mechanisms of habit in consump-

tion and indexing and posing the question of whether imperfect informa-

tion can provide an alternative source of endogenous persistence as is the

1See Fernandez-Villaverde (2009) for an excellent review.
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case in a simple analytical model. A model with neither of these mecha-

nisms and with imperfect (symmetrical) information fits the observed au-

tocorrelation of the data of the interest rate and inflation extremely well,

whereas the same model with perfect (asymmetrical) information on the

part of the private sectors results in a poor fit in this dimension. There is

also little to be gained from the indexation mechanism in terms of model

fit, an encouraging result as price-indexation is generally deemed to be an

unsatisfactory ad hoc compromise feature of this genre.

The Collard et al. (2009) paper allows for the possibility that interest

rate rules may depend on best current estimates of inflation and the out-

put gap. Levine et al. (2009) provide more details of the methodology

and a formal comparison with the rational inattention approach of Sims

(2005), and a comprehensive model validation. In addition, whereas Col-

lard et al. (2009) conclude that marginal likelihood differences between

symmetric and asymmetric information assumptions are “rather small”,

Levine et al. (2009) find very significant differences; these are supported

by comparisons of second moments with those of the data and model im-

pulse responses with that of a DSGE-VAR.

The symmetric information assumption is the informational counter-

part to the “cognitive consistency principle” proposed in Evans and Honkapo-

hja (2009) which holds that economic agents should be assumed to be

about as smart as good economists. Whilst Collard et al. (2009) and Levine

et al. (2009) make greater cognitive demands on both economic agents and

the economists in sticking with rational (model-consistent) expectations,

the assumption that agents have no more information than the economist

in constructing and estimating the model amounts to an informational con-

sistency principle (ICP).2 Certainly the ICP seems plausible – a central ques-

2We are grateful to George Evans for pointing this out.
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tion is whether it adds realism in practice by improving its empirical per-

formance.

The possibility that imperfect information in NK models improves the

empirical fit has been examined by Collard and Dellas (2004) and Collard

and Dellas (2006), although an earlier assessment of the effects of imper-

fect information for an IS-LM model dates back to Minford and Peel (1983).

They show that with imperfect information about output and the technol-

ogy shock, or with misperceived money, the effect on inflation and output

of a monetary shock is the hump-shaped one displayed empirically. With

perfect information, the hump-shaped effect is not in evidence in simu-

lations of the NK model. Collard and Dellas (2006) in particular is able

to reproduce this without resorting to lagged price indexation. The im-

plication of these examples is that since VAR estimates of macroeconomic

aggregates, when simulated, lead to hump-shaped responses, it is easier

to get a closer fit to the data when one assumes that information about

some or all of these aggregates is imperfect.

There are a number of directions for future research. Having demon-

strated that information plays an important role in estimation, the next

step would be to examine the implications for closed- and open-economy

models with a range of frictions such as Smets and Wouters (2007b) and

Adolfson et al. (2007), respectively. Secondly there are other ways of mod-

eling information limitations associated with the rational inattention lit-

erature. A formal comparison between these different approaches within

a Bayesian framework would be of some interest. Finally optimal pol-

icy needs to be examined making consistent information assumptions at

the estimation and policy analysis stages. If imperfect information on the

part of the private sector proves to be empirically supported, this implies

the imperfect information solution of optimal policy as in Pearlman (1992)

should be employed.
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A further spin-off from the work of Levine et al. (2009) is the develop-

ment of an algorithm that can derive the Blanchard-Kahn representation

for rational expectations models

[
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[
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] [
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0

]

εt+1 (1)

from the more popular Sims-McCallum representation:

A0EtYt+1 + A1Yt = A2Yt−1 + Bεt (2)

This has been programmed within Dynare, and is used to generate the

likelihood functions, impulse response functions and second moments of

DSGE models. This will be extended to allow for the presence of current

expectations of current variables EtYt within the latter equation.
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STATE OF THE ART

Workpackage 3.3, Bayesian Priors

Small sample distribution and priors

Courses in introductory econometrics often emphasize the good finite-

sample properties of OLS (unbiasedness and minimum MSE). It is well

known that these results hinge on the assumption of exogenous regres-

sors. But in time series, there is no reason why OLS should be a good

estimator in finite samples, since the regressors are endogenous. The bias

of OLS has been known and studied from a classical point of view since

at least Quenouille (1949), Hurwicz (1950), Marriott and Pope (1954) and

Kendall (1954). A general characterization of the effects of the bias on the

highest root is in Stine and Shaman (1989). Much recent work has also

been devoted to this issue, for example Abadir et al. (1999) show that the

bias becomes more severe in multivariate models, see also Doornik et al.

(2003) and Abadir et al. (2003). We know that, on average, OLS underesti-

mates the root of the process for the relevant case of a root close to 1.

Second, the impulse-response coefficients are proportional to the root

raised to a power, so that a deviation in the VAR coefficients is magnified

in the IRF coefficients at medium lags. The short-sample bias is likely to

underestimate the size of the impulse responses and to diminish the ac-

tual significance of the results obtained. Several ways to correct this bias

from a classical point of view have been proposed. Among others: Que-

nouille (1949) proposed a jackknife estimator, Orcutt and Winokur (1969)

and Roy and Fuller (2001) use analytical expressions of the bias, Andrews

(1993) numerically obtains a median-unbiased estimator and MacKinnon

and Smith (1998) correct the bias with bootstrap. Related to the bias is the
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well known fact that the short sample distribution of OLS is asymmetric,

so that the standard methods for constructing confidence intervals based

on symmetry are likely to be inaccurate.

Even though the bad properties of OLS in short samples has been known

for so long, and even though there are so many ways to correct for it, these

corrections are not widely used in applied work. Most applied work on

time series econometrics claims to rely on asymptotics in order to justify

using OLS and traditional (symmetric) confidence intervals, even though

we have known for sixty years that asymptotics are not a good approx-

imation the distribution under the finite samples that are often available

in practice. In our opinion this is in part because this literature does not

give a unified approach, each estimator corrects a different problem with

a different criterion. Then the virtues of each correction are explored in a

particular application but it is not clear how general these virtues are, or

if the correction should be further corrected. Furthermore there is a strong

dependence on some details on the computation of the bias. In particular

it is by now well acknowledged that the modelling of the initial condition

affects profoundly the size of the bias and the way it should be corrected.

For example, the importance of the initial conditions for unit root testing is

discussed in Müller and Elliott (2003). For a recent contribution discussing

the importance of initial conditions for the size of the bias see Phillips and

Magdalinos (2008).

From a Bayesian point of view, however, using OLS and symmetric

confidence intervals is easy to justify. The posterior distribution of the

VAR coefficients under a flat prior is symmetric, centered at the OLS esti-

mate. This is a well known result that can be found in many textbooks.

This implies that OLS is the optimal point estimate with a mean square

error loss function. Many VAR applications nowadays are proceeding in

this way.
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Sims and Uhlig (1991) show that it is possible for the posterior distribu-

tion of parameters to be symmetric around OLS in spite of the skewness of

the short sample distribution of the OLS estimator, and they conclude that

using OLS is justified despite the short sample bias. Furthermore, they

argue that the use of Bayesian estimators is easier and more intuitive than

the use of classical procedures, so that they propose analyzing autoregres-

sive models from a Bayesian point of view even if the researcher does not

want to use any a-priori knowledge and, therefore, wishes to use a flat

prior.

This issue has generated much controversy and discussion. For exam-

ple, one whole issue of Journal of Applied Econometrics was devoted to

this issue. To cite some papers in that issue, see Phillips (1991) criticizing

Sims and Uhlig (1991) and see Sims (1991) response. Other papers on the

issue are Uhlig (1994a), Uhlig (1994b), who proposes different Bayesian

estimators.

But we find this conclusion unsatisfactory. It appears there is a di-

chotomy between the Bayesian and classical approaches in time series.

Embracing Bayesianism (and a flat prior) justifies using OLS, but most

researchers would like to know why is it that OLS suddenly becomes a

good estimator when you change your point of view.

General priors about the distribution of observables

Our presliminary results indicate that the main issue is the formulation

of the initial condition. When initial conditions are treated in a symmet-

ric way there is no puzzle: both Bayesians and classical econometricians

would favor adjust the root of a VAR upwards relative to OLS estimator.

Then, the proposal is to specify a prior by stating the analyst’s views on the

likely behavior of the series. This leads us to specifying so-called ”intuitive

priors”, where a general prior about observable variables is specified.
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A substantial technical difficulty arises in using a-priori information

about observables, because standard Bayesian analysis requires a prior

about parameters, not about observables. Therefore, the prior about ob-

servables needs to be translated into a prior about parameters. The issue

of translating priors about observables into priors about parameters is dis-

cussed most comprehensively in Chapter 3.5 of Berger (1985) “Using the

Marginal Distribution to Determine the Prior”.

Finding a prior of an unrestricted general form is usually infeasible,

especially in higher dimensional problems. Therefore, Berger proposes

to use restricted classes of priors. One example of a restriction is to con-

sider priors of a given functional form. Another example of a restriction

is to consider priors of a given ’structural’ form, i.e. satisfying indepen-

dence among certain parameters. Yet another example is to consider priors

which are ’close’ to a given prior density according to a specified distance

metric.

Berger (1985) discusses two specific approches to translating priors

about observables into priors about parameters. In the ’Moment Approach’

researcher matches selected moments of the data (e.g. means, standard

deviations, correlations) by choosing appropriate prior for model parame-

ters. In the ’Distance Approach’ researcher minimizes the Kullback-Leibler

distance between the assumed prior density of the observables and the

marginal density of the observables implied by a prior for model param-

eters. In practice these methods are hard to apply in high-dimensional

problems (as it is often the case in VAR’s) because they involve solving

a very large system of equations by gradient methods which would be

unfeasible.

The translation of a prior about observables into a prior about parame-

ters involves solving a Fredholm equation similar to those found in inverse

problems. Although this has not been a central issue in econometrics (and
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even in economics in general) there has been a recent surge in interest

on Fredholm equations in the microeconometrics literature. For example,

Carrasco et al. (2007) provide a comprehensive review of inverse problems

in econometrics. Solving these problems is difficult as the solution may ei-

ther not exist, or be nonunique or not continuous. Therefore, Carrasco

et al. (2007) discuss regularized or smoothed solutions. Nevertheless this

literature is not about translating intuitive priors into proper priors and

the techniques they use can not be applied directly to our problem. The

reason is that we have a much higher dimensional problem because VAR’s

often have a very large number of parameters and this is, precisely, the

reason that prior Bayesian information should be brought to bear.

Predictive approach to elicitation

Kadane (1980) defines two approaches to prior elicitation: In the structural

approach the researcher specifies a prior directly in terms of underlying

parameters. In the predictive approach the economist specifies a prior in

terms of one step ahead predictive densities given values of independent

variables. These statements about predictive densities are then translated

into a prior about parameters.

The predictive approach has been operationalized in (Kadane et al.,

1980), who present an interactive computer program for automated prior

elicitation in multivariate regression. The program asks the researcher

questions about quantiles of his predictive distribution given different vec-

tors of independent variables. Then it looks for values of hyperparameters

of a natural conjugage prior which best fit the supplied answers.

This approach has been applied in the time series context in Kadane

et al. (1996). They restrict the priors to be piecewise-normal, with a dis-

continuity at the unit root. In the empirical application, the economist is

repeatedly asked for the 50th, 75th and 90th percentiles of his predictive
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distribution of log(GDPt+1) given various values of log(GDPt). The re-

sulting prior is used to study the presence of unit roots in the GDP data.

In our work we would have to ask the expert what are his/her priors

on the likely means, variances, and covariances of growth rates of several

variables. While at some level this is a very simple question to answer,

it turns our there are issues about how to represent prior covariances of

growth rates that are not trivial. The work mentioned above should be

useful for this purpose.

Steady-state prior for a VAR

Villani (2009) is the only example known to us where a prior about VAR

parameters is specified directly by thinking of the density of the observ-

able data. Namely, he specifies an informative prior about the steady state

growth rates of variables in a stationary VAR (i.e. a VAR where all vari-

ables have been specified in differences so that they are stationary and

their steady state exists). This approach does not involve solving any nu-

merical problems thanks to the model is parameterized directly in terms

of the steady state. That is, the relevant feature of the data - the steady

state - is just one of the model parameters, and therefore translation can be

done by a standard change of variable formula.

This approach does not produce the whole prior: prior for the autore-

gressive coefficients and for the error variance needs to be specified sepa-

rately. Also, it does not take into account the fact that the key is to specify

the initial condition, as found in our analysis. One can also argue that there

is very large uncertainty about the long run value of a variable Neverthe-

less one could think of combining Villani’s approach with our approach of

focusing on priors on the initial conditions.

In our case the change of variable formula is not sufficient to translate

the prior. The distribution of obsevables, shocks, and parameters are all
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related in a very non-linear way and all that can be stated is that they

should satisfy, as has been said, a Fredholm equation.

Priors for VARs from DSGE models

We have found the need to work on translating priors from the desire to

solve the short sample bias problem in a unified way. Nevertheless this

idea can be applied to a number of issues. In particular, we think they are

applicable to the recent literature on Bayesian estimation of DSGE models.

A number of papers estimate VARs with priors which are taken from

Dynamic Stochastic General Equilibrium (DSGE) models. The researcher

specifies a model of the economy driven by stochastic shocks. Such model

can be approximated by a VAR model. This implied VAR model is then

thought of as a prior for the VAR which is estimated with actual data.

The first paper using this approach is Ingram and Whiteman (1994).

They use a simple DSGE model which has an AR(1) representation. They

specify a prior about model’s structural parameters. This prior implies a

distribution of the AR(1) coefficient which is approximated by a normal

distribution using a first-order Taylor expansion. This normal distribution

is used as the prior for the first autoregressive coefficient matrix in the VAR

which is estimated with real data. The farther lags of this VAR have the

prior mean zero and the variance which is proportional to the variance

of the first lag coefficient, but scaled downwards. The empirical finding

is that such prior improves the forecasting performance of the VAR even

better than the Minnesota prior.

Del Negro and Schorfheide (2004) extend Ingram and Whiteman’s work

in a number of directions. First, they show how to make inference about

the DSGE model’s parameters together with estimating the VAR. Second,

they also use model consistent identification of structural shocks in their

VAR. Additionally, their derivation of the prior about VAR parameters
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from the DSGE model is more general: they use a DSGE model which

does not have an exact finite AR representation. Instead, conditionally on

the value of model’s structural parameters, they center the VAR(P) prior

on the VAR consistent with the model-implied population moments of the

data (covariances across up to P periods). They also derive the model-

consistent error variance and use it to center the prior about VAR error

variance, and in the specification of the variance of the prior about VAR

coefficients. Additionally, prior variances are scaled by a factor λ which

serves to relax the priors and has an interpretation of the number of obser-

vations on the DSGE model relative to actual data points. These priors are

then integrated over the uncertainty about structural parameters.

While Ingram and Whiteman (1994) and Del Negro and Schorfheide

(2004) are concerned with improving the forecasting performance of a

VAR, Del Negro et al. (2007) and Del Negro and Schorfheide (2009) use

a similar econometric approach to study misspecification of DSGE mod-

els. Del Negro et al. (2007) find that relaxing the cross-equation restrictions

implied by the DSGE model allows to substantially improve the fit of the

VAR, which is evidence of DSGE model’s misspecification. However, they

find that the impulse responses to monetary policy and technology shocks

obtained after optimal relaxing these restrictions remain quite similar to

the impulse responses of the DSGE model. Their econometric framework

is the same, except for two mostly technical differences. First, the VAR

is specified in an error-correction form, exploiting the cointegrating rela-

tionships implied by the DSGE model. Second, the scaling parameter λ is

chosen through a somewhat different procedure.

Del Negro and Schorfheide (2009) use DSGE models and VARs with

DSGE priors to perform policy experiments: study the effects of changing

the interest rate policy rule of the Central Bank. They study these effects

in a number of ways: one approach is to study these effects in the DSGE
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model, using the VAR only as a tool to estimate DSGE model parameters.

Another extreme is to study these effects in the estimated structural VAR,

changing the coefficients in the interest rate equation. They also consider

intermediate approaches which rely neither on the structural VAR nor on

the DSGE model completely.

In many of these approaches the way the prior distribution on model

parameters is converted into a usable prior by the following process: first

a prior distribution on deep parameters is translated into a distribution of

VAR parameters, this is done using a change of variable approach in a cor-

rect way. Then this prior on VAR parameters is translated into dummy ob-

servation priors (similar to those used by Sims and Zha) and these are then

translated into a posterior. We believe this last step is in question, as there

is no clear connection between dummy observation priors and a proper

prior on parameters. We believe we can improve on this proposal by cor-

rectly solving the appropriate Fredholm equation for a large-dimensional

system.
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1 “Exchange rate regimes and labour market fric-

tions”

Labor market flows and labor costs are an important determinant of the

international transmission mechanism of shocks, hence the optimal choice

of the exchange rate target cannot neglect the impact that relative move-

ments of unemployment, wages and job flows have on currency fluctua-

tions. Furthermore, it is well known that both asymmetric shocks and ex-

change rate fluctuations have a significant impact on labor market dynam-

ics as they affect the dynamic of relative marginal costs across countries1.

Hence in this context the optimal degree of exchange rate stabilization is

an important determinant of fluctuations in the labour market.

Starting with Friedman (1953) the case for flexible exchange rates has

often received strong support. The main argument states that in pres-

ence of sticky prices foreign shocks will have an impact on the domes-

tic cycle unless exchange rate movements allow to absorb the effects of

the shock. The theoretical foundations for the insulating property of flex-

ible exchange rates received a refinement in the Mundell (1961); in his

paper indeed he establishes the desiderability of flexible exchange rates

1See Blanchard and Katz (1992), Decressin and Fatas (1995), Obstfeld and Peri (1999)

for a decomposition of the adjustment of regional labor markets to asymmetric shocks.

See Gourinchas (1999) for an analysis of the impact of exchange rate fluctuations on labor

market variables.
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using as reference point the welfare of all countries, rather than only that

of the domestic economy, therefore allowing to consider spillover effects

across countries. The recent NOEM literature has in various parts recon-

sidered this question in a modern New Keynesian model and in most cases

has confirmed the superiority of floating exchange rates as business cycle

smoothing device. However most of the recent literature has completely

ignored the role of labour market frictions. There is ample empirical ev-

idence showing that exchange rate fluctuations might affect significantly

labour market flows and that might severely destabilize those flows. For

instance, Branson and Love (1998), Revenga (1992), Burgess and Knetter

(1996) and Campa and Goldberg (2001) show that exchange rates have

significant implications for employment in the U.S. Goldberg and Tracy

(2000) and Aronson et al. (1999) show that for the U.S. manufacturing in-

dustry (a typical tradable good sector) both wages and job flows are very

sensitive to dollar fluctuations. Topel (1986) finds that wages increase in

response to current relative demand shocks and decrease in response to

expected future relative demand shocks. Finally Davis and Haltiwanger

(2001) find that the labour force adjusts significantly to external shocks

such as oil price shocks.

This paper is also related to a strand of the theoretical literature that in-

troduces matching frictions a ´la Mortensen and Pissarides (1999) in RBC2

2See Merz (1995), Andolfatto (1996), Cooley and Quadrini (2000) among others.
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and New Keynesian models3. More recently some authors have studied

the impact of matching frictions in an open economy context. Campolmi

and Faia (2004) use a two country New Keynesian model with matching

frictions to analyze the impact of different labor market institutions on in-

flation differentials in the EMU and Abritti and Mueller (2009) consider

the implications for monetary policy of different labour market frictions

in a currency union. Finally the paper is related to a very recent strand

of the literature which studies the principles of optimal monetary policy

in presence of labor market rigidities and of an inflation/unemployment

trade-off (see Blanchard and Gali (2006), Faia (2008, 2009) and Thomas

(Thomas)).

From a methodological point of view a crucial element of the welfare

analysis in our paper is the use of second order approximation methods

which allows us to study policy rules in a dynamic economy that evolves

around a steady-state which remains distorted4. In our context, the steady

state of the economy is distorted by the presence of matching frictions and

of the monopolistic distortion5.

3Several other authors, ranging from Walsh (2003) to Blanchard and Galı́ (2005), have

recently introduced matching frictions into new Keynesian models.
4See Kollmann (2003), Kollmann (2004), Schmitt-Grohe and Uribe (2003) and Schmitt-

Grohe and Uribe (2004b).
5As emphasized by Kim and Kim (2003) and Schmitt-Grohe and Uribe (2004b), this

strategy requires that an accurate evaluation of welfare be based on a higher order approxi-

mation of all the conditions that characterize the competitive equilibrium of the economy.
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2 “Optimal monetary policy in an open economy

with financial frictions”

The last two decades have been characterized by an extraordinary wave

of financial globalization often accompanied with persistent current ac-

count imbalances6. For many countries current account imbalances have

been negatively related to booms in house price, mortgages and consumer

credits and durable demand. Since a significant proportion of claims on

consumers credit has been placed in the international markets, for many

countries the boom in durable demand has been mainly financed with

foreign lending7. Lending standards have in general quite loose along

several dimensions, but overall they have been tied to collateral values so

that swings (upward or downward) in durable prices (particularly house

prices) have determined the amount of lending8.

Against this background many central bank around the world have

followed, explicitly or implicitly, inflation targeting or price stability po-

6Backus et al. (2005) show that among industrialized countries the US, the UK, Spain

and Australia have run persistent current account deficits.
7See Krugman (2007) for a discussion of the link between global imbalances and house

price boom.
8The collateral policy practice adopted in the last two decades were quite risky as

absence of any information on future income streams the availability of lending is heavily

dependent on the market swings. In many occasions banks have renewed and replenished

mortgages whenever the house price had gone up independently from the ability of the

borrower to repay.
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lices without putting any weight on asset or durable prices and exchange

rate movements. This is remarkable given that some countries had experi-

enced significant exchange rate depreciations and asset price growth. We

therefore ask whether the prescriptions for monetary policy change in an

environment as the one described above.

To this purpose we lay down a DSGE small open economy model in

which agents consume durable and non-durable goods9, supply labour

services and finance consumption with both domestic and foreign lending.

The rest of the world is populated by infinite lived agents who behave as

consumption smoothers. Total (net) lending is constrained by a borrowing

limit and is secured by collateral in the form of durable stock as the latter

can be seized by lenders in the event of default. Due to imperfect monitor-

ing only a fraction of this collateral can be pledged by lenders. The type of

borrowing constraint considered is an ad hoc limit on the line of Kiyotaki

and Moore (1997), Kocherlacota (2000), Chari et al. (2005) among others.

We further assume that durable goods provide utility services (see Davis

and Heathcote (2005) , Miles (1992) and Iacoviello (2005)) and that durable

investment is subject to adjustment costs, an assumption which allows to

reproduce persistence in response to various shocks (see Topel and Rosen

(1988), Erceg and Levin (2005)).

9We assume only non-durable goods are tradable and are aggregated through Arm-

ington aggregator.
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In the open economy literature other papers have studied the effects

of financial globalization (see Broner and Ventura (2008), Devereux and

Sutherland (2007) ) and its link with monetary policy (Devereux and Suther-

land (2007)). Most papers model financial globalization in the form of

international portfolio asset allocation, while we focus on collateral con-

straint lending.

3 “Optimal labour tax in the presence of labour

market frictions”

Since Barro (1979) partial-equilibrium intuition, Lucas and Stokey (1983)

general-equilibrium analysis and subsequent quantitative DSGE models

studying fiscal policy used to study have confirmed the prescription that

governments ought to hold labor tax rates virtually constant in the face of

aggregate shocks is well-known to macroeconomics. Our goal is to chal-

lenge this prescription in a model with labour market frictions.

More recently Aiyagari et al. (2002) have shown that labour tax smooth-

ing is optimal under financial market completeness while Werning (2007)

and Scott (2007a) have shown that the optimality of tax smoothing applies

in a neoclassical labor market whenever households have a unilateral op-

timization margin with respect to some aspect of their labor-market out-

comes. Such margin might be absent in frictional labour market (see also
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Arsenau and Sanajy (2008)).

4 “Optimal tax on capital in the presence of fi-

nancial frictions on capital”

The well-known result of Chamley (1986) and Judd (1985) of zero-capital-

taxation has remained strong despite several challenges in the literature

(see Atkeson et al. (1999) for an early review of the theory of capital-

income taxation). It is widely-understood in tax theory that positive taxes

on capital income can serve as an indirect means of taxing dividend in-

come from economic profits. Given that full confiscation of dividend in-

come is prohibited, profit flows represent a potentially inelastic source of

revenue for a government that needs to finance expenditures through dis-

tortionary taxation. Jones et al. (1997) and Correia (1996) were the first to

show in a dynamic macroeconomic context that positive capital income

taxation can optimally serve as a means for taxing such rents, while Guo

and Lansing (1999) have shown that positive capital-income taxation is

optimal in an environment with monopolistic competition. More gener-

ally, for the optimal capital tax to be positive the profits, that are indirectly

taxed, exist because they are pure rents.

It comes natural to ask whether the zero tax on capital result survive

in an environment with financial frictions in which entrepreneurs pay a
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premium (a mark-up) to bankers to obtain loans due to the presence of

asymmetric information.

5 “Strategic interaction between monetary and

fiscal authority in a monetary union”

Monetary and fiscal policy have been traditionally studied in the optimal

taxation framework introduced by Ramsey (1927) in which a single au-

thority optimizes at time zero. In situations of strategic interactions among

policy makers timing of choices matters. Kydland and Prescott (1977) for-

malized the concept of time incosistency by showing that the equilibrium

achieved when the central government chooses after the private agents is

different and suboptimal with respect to the one obtained under the re-

serve order of moves. Kydland and Prescott (1977) identified the absence

of a commitment technology with the situation in which the monetary au-

thority chooses after the private agents.

So far time incosistency problems however have hardly been analyzed

in settings where monetary and fiscal policy-makers are separate authori-

ties engaged in non-cooperative dynamic games. Recently a few impor-

tant contributions have analyzed this issue in closed economy models.

Dixit and Lambertini (2003) , Diaz-Gimenez et al. (2003), Adams and Billi

2004 and Chari and Kehoe (2008) among others consider situations where
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either the fiscal or the monetary authority (or both) are subject to a time-

incosistency problem. They generally conclude that those type of interac-

tions lead to inflation and/or government spending biases.

The literature on dynamic fiscal and monetary policy games is even

more scant in the open economy environment. Dixit and Lambertini (2003)

consider the interaction of fiscal and monetary policy makers in a mone-

tary unions with and without commitment. In their framework the conflict

of interest and time incosistency arise because fiscal and monetary author-

ities have different bliss points for output and inflation and/or attach dif-

ferent weights to these objectives. In this paper I consider benevolent pol-

icy makers which maximize consumers’ welfare hence time-incosistency

is not related to the choice of the objective function.

There is a literature that studies interaction among several fiscal policy

makers. So far two main forms of international spillovers stemming from

national fiscal policies have been explored in the literature10. In the first,

fiscal policy is transmitted abroad through changes in the country’s real

exchange rate. A domestic fiscal expansion appreciates the home coun-

try’s real exchange rate, generating expansionary stimulus to its trading

partners. The second type of spillover stems from changes in the inter-

national level of interest rates. A fiscal expansion raising interest rates

10See Chari and Kehoe (1990) and Canzoneri and Diba (1991).
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at home can, if the country is large enough, raise interest rates abroad as

well. Note that the sign of this form of spillover is opposite to that of

the preceding one: a domestic expansion crowds out foreign demand and

generates recession abroad. In this paper we disregard these well-known

mechanisms and focus on a third and different form of spillover, applying

specifically to cases of currency areas where several countries share a sin-

gle monetary policy while fiscal policies are decentralized. We label this

indirect fiscal spillover, because it can operate only through the intermission

of monetary policy. In this context a fiscal expansion in country A (a large

country sharing the same currency with country B) raises over time the ag-

gregate level of public debt in the currency area. The central bank, acting

as a follower and unable to commit to price stability, is tempted to loosens

monetary policy. The ensuing increase in inflation erodes the real value

of cash balances and generates deflationary pressures. In equilibrium, all

countries have an incentive to expand fiscal policy in order to enjoy the

free rider’s benefit (or not to suffer the loss from the other countries’ free

ride).

Finally a literature on designing sustainable plans11 which focuses on

the strategic interactions between fiscal authorities and private agents.

11See Chari and Kehoe (1987), Klein et al. (2004).
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STATE OF THE ART

Workpackage 4.4 Optimal Debt Management

The issue is how to build a model of optimal fiscal policy that can ad-

dress the issues of what maturities of bonds should the government issue

in order to finance its deficits in order to face business fluctuations.

The first model to address issues of optimal fiscal policy in a dynamic

model with fluctuations is that of Lucas and Stokey (1983). They studied

a model with proper microfoundations, where consumers and firms re-

acted optimally to the government’s fiscal policy, government cared about

agents’ utility, the government fully committed to the stated fiscal policy,

and there was no private information. They found that the optimal fis-

cal policy entailed smoothing taxes, therefore the government had to run

deficits in bad times and surpluses in good times.

The key assumption relating debt in Lucas and Stokey (1983) was that

government and agents had access to complete markets. That is, they as-

sumed a perfectly competitive and efficient market for insurance against

all possible contingencies. Under this framework the deficits and sur-

pluses of the government were fully insured by financial assets so that

debt could be kept more or less at constant levels and all fluctuations to

deficit were absorbed by a perfectly constructed portfolio.

The complete market approach to fiscal policy was fully developped

in the 80’s and 90’s. Zhu (1992) and Chari et al. (1994) introduced capital

accumulation and they could distinguish between labor and capital taxes,

therefore addressing the issue of what taxes had to respond more strongly

to business fluctuations. Chari et al. (1991), Siu (2004) as well as Lucas and

Stokey (1983) themselves studied how monetary policy had to adjust to

business fluctuations and to the deficits generated by fiscal policy. Many
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other extensions are available, always referring to complete financial mar-

kets. Chari and Kehoe (1999) provide a comprehensive review.

The complete markets assumption is quite limiting in the analysis of

government debt policy. The assumed presence of a very rich array of

insurance markets drives the result that the level of debt should be more

or less constant. Marcet and Scott (2009) provide ample evidence that the

actual empirically observed government policy is very far from complete

markets, since the co-movement of deficit and debt and the persistence of

debt observed in the data are opposite to those predicted by a complete

markets model.

The assumption of complete markets on optimal fiscal policy models

was only relaxed twenty years after Lucas and Stokey’s paper, in the work

of Aiyagari et al. (2002). The main difficulty for solving models of opti-

mal policy is the fact that there are forward-looking variables in the con-

straints that give rise to the time-inconsistency problem of Kydland and

Prescott (1977) and that complicate considerably finding the numerical so-

lution of the problem since the model is not recursive in a standard sense.

Aiyagari et al. (2002) showed how to adapt the techniques of Marcet and

Marimon (1998) to solve the optimal fiscal policy problem under incom-

plete markets. They showed that in that case the optimal response of the

government is to have more volatile taxes than would be achievable under

complete markets, thus reducing the variance of deficit, and increasing the

variance of taxes, relative to the complete markets case. The reason is that

deficit now translates into higher debt since shocks can not be pre-insured.

Therefore under incomplete markets government debt is used as a buffer

stock to smooth out fluctuations.

Many other papers have studied government debt under incomplete

markets since. To mention a few, Sleet and Yeltekin (2006) studied the

behavior of a model under private information, and Schmitt-Grohe and
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Uribe (2004a) show how the model behaves when sticky prices are intro-

duced. Furthermore, the availability of this analysis allows the empirical

testing of market completeness. Marcet and Scott (2009) and also Scott

(2007b) show how the incomplete markets model agrees much more with

observed government debt behavior than complete markets. Further, the

work of Faraglia et al. (2008) shows that across OECD economies complete

markets does not give a good picture of the behavior of government debt,

while incomplete markets works much better.

The papers of Angeletos (2002) and Buera and Nicolini (2004) analyze

the issue of what bonds should be issued, whether long or short, and

therefore are a first attempt at studying the issue of debt management.

They use a model where the government can actually complete the mar-

kets with the appropriate debt management. They find that: i) even if a

government only issues non-contingent bonds it can still exploit fluctua-

tions in the yield curve and achieve the complete market outcome and ii)

the optimal structure for government debt can be solved for by choosing

the maturity structure that supports the complete market allocation for

fiscal policy. Using this theory of debt management Angeletos shows that

it is optimal for governments to issue long term debt and invest in short

term assets. Buera and Nicolini (2004) also analyze this complete market

approach to deriving the optimal debt structure in the presence of bond

market incompleteness. They show that the magnitude of the positions

implied by this approach are extremely large multiples of GDP and at a

level that seems implausible given the actual practice of government debt

management. Angeletos (2002) notes this result but conjectures that it is

a consequence of assuming an endowment economy and that allowing

for capital accumulation should result in more plausible bond holdings1.

1”However, this disturbing result [of debt holdings exploding to plus and minus infinity] is

mostly an artefact of an economy without capital” Angeletos (2002)
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Further, even if quantitatively the implications of this complete market ap-

proach appear wrong the qualitative recommendation to issue long term

debt and hold short term assets receives additional support from Barro

(1999) and Nosbusch and Street (2008).

The work referred to in the two previous paragraphs might seem like

the right approach to debt management. However Faraglia et al. (2007) ar-

gue that the large positions found by Buera and Nicolini reflect a generic

problem: since bonds at different maturities have very highly correlated

returns, the determination of the optimal portfolio is in general ill-conditioned,

and the optimal positions change very strongly with small changes in the

environment. They show that introducing capital accumulation and con-

sumption habits the problem of very large positions is only exacerbated.

Not only that, the positions become extremely volatile across time.

In addition, the empirical work we pointed to before (namely Marcet

and Scott (2009), Scott (2007b) and Faraglia et al. (2008)) show that the data

behave very differently from the world of Angeletos, Buera and Nicolini.

Therefore it seems that a proper analysis of debt management issues

demands a model of incomplete markets with enough frictions that avoid

the extreme positions of the complete markets approach. For this purpose

one has to adapt the setup of Aiyagari et al. (2002), first, to a model with

long bonds. This will require using algorithms that can summarize a large

number of state variables in a few state variables, since having one bond

of maturity M introduces at least M state variables under incomplete mar-

kets. Second, this will require formulating and solving a model with the

relevant financial frictions to study the issue of optimal portfolio choice.
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Activity 1: Building a Model Base for Model Com-

parison, Learning and Policy Design

Recently, most modeling efforts have been conducted within the class of

dynamic general equilibrium models grounded in optimizing decision mak-

ing by individual households and firms. Prominent examples are the euro

area model of Smets and Wouters (2003) and the Christiano et al. (2005)

model of the US economy. However, from a policy making perspective

some of these models exhibit rather strong behavioral restrictions, hence,

models that fail to satisfy some of these theoretical characteristics but pro-

vide a better characterization of empirical realities also remain useful. In

addition, even models of the same generation/paradigm differ in terms

of economic structure, estimation methodology and parameter estimates.

Since model uncertainty is a key concern in macroeconomics, one could

use these models to establish robustness of policy recommendations.1 It is

for instance well known that optimal model-specific monetary policy rules

can perform poorly in competing macroeconomic models, suggesting that

robustness is indeed of central concern in the design of policy rules, see

e.g. Levin and Williams (2003) and Kuester and Wieland (2010) among

others.

Yet, systematic comparisons of the empirical implications of a large va-

riety of available models and evaluations of the performance of differ-

ent policies across many models have been infrequent and costly. The

six comparison projects reported in Bryant et al. (1988), Bryant, Currie,

Frenkel, Masson and Portes (1989), Klein (1991), Bryant et al. (1993), Tay-

lor (1999a), and Hughes-Hallett and Wallis (2004) have involved multiple

teams of researchers, each team working only with one or a small sub-

1Such an approach is recommended by Mccallum (1988), McCallum (1999), Blanchard

and Fischer (1989), Taylor (1999a) and many others.
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set of available models. For instance, Taylor (1999a) reports results on

the joint work of several researchers to compare the performance of five

different simple monetary policy rules in nine alternative models. The

comparison project reported in Hughes-Hallett and Wallis (2004) focused

on comparing the structural characteristics of different euro area models

and conducting two common policy simulations. These initiatives have

helped produce some very influential insights. Taylor (1993b) credits the

comparison project summarized in Bryant et al. (1993) as the crucial test-

ing ground for what later became known as the Taylor rule. Nevertheless,

the range of systematic, comparative findings has remained limited.

A main objective is therefore to set up a model database that includes

many well-known empirically estimated models on a common compu-

tational platform using the DYNARE software.2 The model database sup-

ports a comparative approach to model-based research and policy analysis

that enables individual researchers to conduct model comparisons easily,

frequently and on a large scale. This approach should improve replicabil-

ity of quantitative macroeconomic analysis and strengthen the robustness

of policy recommendations.

2Models incorporated into the database include some fairly small models that focus

on explaining output, inflation and interest rate dynamics, e.g. Clarida et al. (1999),

Rotemberg and Woodford (1997), Fuhrer and Moore (1995), among others. Others are

of medium scale and cover many key macroeconomic aggregates, e.g. Christiano et al.

(2005), Coenen et al. (2004), Smets and Wouters (2003) and Smets and Wouters (2007a)

among others. Some models in the database are fairly large in scale such as the Federal

Reserve’s FRB-US model of Reifschneider et al. (1999), the model of the G7 economies of

Taylor (1993a), or the ECB’s Area-wide model of Dieppe et al. (2005).
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Activity 2: Multi-country model validation and

policy evaluation

The empirical evidence on the relevance of exchange rate fluctuations for

monetary policy is mixed. Lubik and Schorfheide (2007) analyze the con-

duct of monetary policy in Australia, Canada, New Zealand and the United

Kingdom. Using Bayesian methods, they estimate a structural small open

economy general equilibrium model allowing the monetary policy rule to

respond to exchange-rate movements in addition to output and inflation.

They find that the nominal exchange rate does show up in the policy rule

of the Bank of Canada and the Bank of England and it does not in the pol-

icy rules of the central banks of Australia and New Zealand. In a similar

exercise, Dong (2008) estimates a structural model with nominal rigidities

allowing for limited exchange rate pass-through and finds that only the

central bank of New Zealand does not respond to exchange rate move-

ments whereas the monetary policy rule of the Bank of Canada, the Bank

of England and the Reserve Bank of Australia does include the exchange

rate.

In contrast the literature on optimal monetary policy in open economies

has traditionally denied that the exchange rate should play an important

role for the conduct of monetary policy. Clarida and Gertler (2001) opti-

mal monetary policy in a small open economy and show that under cer-

tain conditions the policy design problem is isomorphic to the problem of

the closed economy. While the degree of openness affects the size of the

optimal interest rate rule response coefficients, the general form of the op-

timal rule remains the same as in the closed-economy case. Coenen and

Wieland (2002) estimate a small macroeconometric model of the euro area,

Japan and the United States and use the model to evaluate the role of the

exchange rate for monetary policy. They find that it is optimal to respond

88



very little to exchange rate fluctuations. Adolfson (2007) determines opti-

mal simple monetary policy rules for an open economy with incomplete

exchange rate pass-through and finds no welfare improvement from an

interest rate reaction to the exchange rate.

However, in alternative models, deriving a welfare-based objective func-

tion for the monetary policymaker may assign a larger role for exchange

rate stabilization. For instance, Faia and Monacelli (2008) find that in a

small open economy which is characterized by home bias in consump-

tion, it is optimal for the policymaker to seek some degree of exchange

rate stabilization. Devereux and Engel (2003) find that optimal monetary

policy depends in a fundamental way on the price-setting specification.

Under producer currency pricing the variance of the exchange rate and the

covariance of the exchange rate with country specific productivity shocks

enter the policymaker’s welfare-based loss function while under local cur-

rency pricing the appropriate monetary policy objective ignores the ex-

change rate.

In general, little effort has been made to contrast both the predictions and

the empirical validity of recently developed microfounded general equi-

librium models with those of the earlier generation of models.
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