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1 Work Package 1.2: Linear Quadratic Approximation

The aim is to obtain a linear-quadratic (LQ) approximation to an optimal monetary policy

problem about the long-run steady state solution. This is obtained by linearizing the

constraints and quadratifying the Lagrangian for the Ramsey problem about the steady

state as in Levine et al. (2008a).

The basic philosophy is that policymakers (central banks in particular) are regarded

as having sufficient reputation for the private sector to believe in the deterministic solu-

tion to the policy problem, but that the stabilization problem may provide a source of

time inconsistency. Thus the LQ approximation is suited to the analysis of the stochastic

stabilization problem, and in this context the latter is addressed by calculating and com-

paring fully optimal, time-consistent and (optimal) simple rules using a single quadratic

loss function. The fully optimal solution is regarded merely as a benchmark value, so the

optimal rule used to calculate trajectories will not necessarily be saddlepath stable. An

application of the software is to be found in Levine et al. (2011a).

In addition the software calculates robust optimal simple rules as in Levine et al.

(2011b), which is done by amalgamating several aspects of the Dynare package. Firstly,

the model is estimated using the MCMC algorithm, with the user choosing the number of

draws. Secondly, a subset of draws, the number of which is defined by the user, is randomly

sampled. Thirdly, for each simple rule, the average welfare loss over these sampled draws is

calculated. Finally, the simple rule that minimizes this average is obtained by a grid-search

algorithm within the Fortran code.

The software is designed so that linear approximations to the dynamics, and quadratic

approximations to the welfare function are passed to a stripped-down version of the ACES

FORTRAN package (developed by Paul Levine and Joe Pearlman), which produces solu-

tions to these different ways of addressing the optimal problem. The user will be unaware

that the ACES package is involved.

The final part of this work-package is to design all of the above rules in such a way

as not to violate the zero lower bound (ZLB) for the nominal interest rate as in Levine



et al. (2008b). This is kept within a linear rules context by (a) selecting a probability

level above which violation of the of the ZLB is not on average permitted; (b) defining a

penalty function 1
2wr(Rt− R̂)2 that has the effect of both shifting the equilibrium interest

rate to the right and narrowing its probability distribution. The software iterates over wr

and R̂ until the ZLB probability bound is satisfied and the welfare is maximized under

the given type of rule - optimal, time consistent, or optimized simple.

1.1 The Software

1. This reads in modfile.mod, together with the welfare function. The user also needs

to supply a Matlab file to calculate the steady state. This is in the standard form

required by Dynare, and is named modfile steadystate.m.

2. Finds the first order conditions (which as a side-effect includes evaluating the Jaco-

bian of the dynamic constraints), and finds the steady state of the system Ȳ under

the fully optimal policy, including the instruments and Lagrange multipliers.

3. By evaluating the Hessian of the Lagrangian, it produces a matrix Q that corresponds

to the ordering of the variables, including the shocks, such that the approximation

to the welfare function is −1
2y

TQy, where yi = (Y i − Ȳ i)/Ȳ i. In fact, the presence

of rational expectations means that Q matrix is somewhat more complicated to

evaluate, and actually operates on various linear combinations of y.

Constraints on the User:

There are two minor constraints that are imposed on users of the package: (a) all

variables that appear with lags and leads n greater than 1 must have new variables defined

up to lag or lead n − 1; (b) if users require lags of instruments when defining simple

rules, then a new state variable equal to the instrument must be defined. Both of these

constraints will be corrected in subsequent versions of the software.

1.2 Testing the Software

The software has been tested by comparing the results from an analytic DSGE example:

1. using a nonlinear model

2. by further eliminating some of the variables using contemporaneous relationships

It has also been tested by writing a standard LQ problem in a way such that the linear

constraints appear in a nonlinear form.

All calculations are accurate to six significant figures.
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1.3 Summary of Software Issues

1. There is no need to integrate Fortran with Matlab via MEX-files because the pro-

grams are not interactive. A slight inefficiency is introduced by the creation of

text-files in Matlab that are subsequently read by Fortran, but this is minor.

2. The constraints typically involve agents who have rational expectations about the

future so that, as a consequence, both the structure of the linear approximation and

that of the quadratic approximation are non-standard; a working paper discussing

these issues has therefore been produced.

3. Model reduction, to ensure that the system is controllable and observable. This

ensures that the system has no unstable modes which would prevent the fully optimal

solutions from being produced. It also reduces the size of the matrices, thereby saving

computational time for the fully optimal and time-consistent cases.

1.4 Summary

All objectives for monetary policy rules - optimal, time consistent, optimized simple,

robust simple, and ZLB - have been achieved. A user guide has also been produced.
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