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Testing for Cointegration Rank Using Bayes Factors

Katsuhiro Sugita

Abstract

This paper proposes Bayesian methods for estimating the cointegration

rank using Bayes factors. We consider natural conjugate priors for computing

Bayes factors. First, we estimate the cointegrating vectors for each possible

rank. Then, we compute the Bayes factors for each rank against 0 rank.

Monte Carlo simulations show that using Bayes factor with conjugate priors

produces fairly good results. The methods proposed here are also applied for

selecting the appropriate lags and testing for over-identifying restrictions on

cointegrating vectors.

Key words: Cointegration; MCMC; Bayes factor

-51-



1 Introduction

This paper introduces Bayesian analysis of cointegrated VAR systems. Several

researchers have proposed Bayesian approach to cointegrated VAR systems. These

include Kleibergen and van Dijk (1994), who proposed using a Jeffrey's prior instead

of diffuse prior for the cointegrating vectors since the marginal posteriors may be

nonintegrable with reduced rank of cointegrating vector. Geweke(1996) developed

general methods for Bayesian inference with noninformative reference priors in the

reduced rank regression model. Kleibergen and Paap (1999) use a singular value

decomposition of the unrestricted long-run multiplier matrix, IT, for identification of

the cointegrating vectors and for Bayesian posterior odds analysis of the rank of

IT. Bauwens and Lubrano (1996) reduce the ECM to the form of a multivariate

regression model to identify the parameters. The cointegrating rank is assumed to

be known a priori, based on a theoretical economic model that defines equilibrium

economic relations. If we are interested in identifying the cointegration rank, they

suggest checking the plot of the posterior density of the eigenvalues of generated

sampIe IT' IT, which are equal to the square of the singular values of II. However,

this informal visual inspection gives ambiguous results. 1 Bauwens, et al (1999) suggest

using the trace test of Johansen, since "on the Bayesian side, the topic of selecting

the cointegrating rank has not yet given very useful and convincing results" (p.283) .

In this paper we propose a simple method of determining of the cointegration

rank by Bayes factors. The method is very straightforward. We consider using the

conjugate priors for all parameters. If there exist r cointegrating vectors in the system,

the adjustment term a has rank r. Applying the Bayes factor to a, which has r

rank, against the null of a, which has rank 0, for each rank gives the posterior

probabilities for its rank. The procedure for obtaining the posteriors has some

similarities with Bauwens and Lubrano method. However, instead of using diffuse

priors for all parameters, the conjugate priors are chosen to be able to compute the

Bayes factors.

The plan of this paper is as follows. Section 2 presents the prior specifications

and derives the posterior densities for estimation of the cointegrated VAR systems.

In Section 3 the Bayes factors for cointegration rank is introduced. Section 4

illustrates Monte Carlo simulations with DGPs of 1000 iterations for each rank to

compare the performance of the proposed Bayesian methods with the classical

Johansen test. In Section 5, an illustrative example of the demand for money in the

United Sates is presented. Section 6 concludes. All computations in this paper are

performed using code written by the author with Ox v2.20 for Linux (Doornik,

1998).

1 Tsurumi and Wago (1996) use a highest-posterior-density-region (HPDR) test to IT , then derive the posterior
pdfs for singular values to see whether 99% highest-posterior-density-interval (HPDI) contains zero.
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either independently or jointly with a different number of rank.

One of the disadvantages of the method is that the testing procedure depends

upon the chosen ordering of the variables in VAR. Our Monte Carlo simulations

which allow the ordering to change randomly in each iterations show that the

method can select the correct rank.

Another disadvantage of the method is computing time. Computing time depends

upon the algorithm we choose for estimating the cointegrating vectors. In this paper

the Griddy-Gibbs sampler, which requires heavy computations, is chosen simply because

we do not need to assign an approximation function that is needed in Metropolis

Hastings or importance sampling. However, it will not be a problem in the future

with much faster computers.

In this paper, a matrix-variate normal density for the cointegrating vector is

chosen as a prior. Instead, Jeffrey's or reference priors are also worth considering

as Kleibergen and Paap used for their cointegration analysis.
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