Model specification
This document provides a brief description of the Markov-Switching model for the
Conference Board’s Composite Coincident and Leading Indexes [CCI and CLI] from
which recession probability forecasts are obtained. For further details we refer to
Paap et al. (2008).

Non-technical description
The model is built on the assumption that the business cycle behavior of both variables is characterized by different mean growth rates in ‘recession’ and ‘expansion’
regimes. The business cycle regimes are not imposed exogenously, but are incorporated endogenously in the model by means of a latent two-state Markov process.
The idea for modeling business cycle regimes in this way was introduced into the
econometrics literature by Hamilton (1989). In the twenty years since this seminal
article was published, the Markov-Switching model has been applied successfully for
describing the typical business cycle behavior of macroeconomic variables such as
output and employment, and for turning point forecasting, see Chauvet and Hamilton (2006) and Chauvet and Piger (2008) for recent examples.
Our model is a bivariate Markov-Switching model for the monthly growth rates
of the Conference Board’s Composite Coincident and Leading Indexes [CCI and
CLI]. These two variables are assumed to share the same business cycle, which is
achieved by having only a single Markov process governing the regime switches of
both variables in the model. Obviously, the cycle of the CLI leads the cycle of the
CCI, which is accounted for in the model. Furthermore, stylized facts show that
on average the CLI has a longer lead time when entering a recession than when
entering an expansion (The Conference Board, 2001). This characteristic is also
incorporated in the model. A final feature of the model is that it accounts for the
large and persistent decline in volatility that many US macro-economic variables
such as output have shown since the mid-1980s, see McConnell and Perez-Quiros
(2000) and Sensier and van Dijk (2004), among others. To accommodate the effects
of this ‘Great Moderation’ we allow for a single structural change in the variances
and covariance of the shocks to the CCI and CLI.
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Technical description
Let y1,t and y2,t denote the growth rates of the Conference Board’s Composite Coincident and Leading Index [CCI and CCI], respectively, in month t. The model
is built on the assumption that the business cycle behavior of both variables is
characterized by different mean growth rates in ‘recession’ and ‘expansion’ regimes.
This is formalized by defining the unobserved binary random variables s1,t and s2,t ,
where sj,t takes the value 0 in case yj,t is in expansion and 1 in case yj,t is in the
recession regime. The mean growth rate conditional on the state sj,t is denoted as
µj,sj,t ≡ E[yj,t |sj,t ], for j = 1, 2, where typically µj,1 < 0 < µj,0 such that recessions
and expansions correspond to periods with negative and positive average growth,
respectively. Finally, assuming first-order autoregressive dynamics in the demeaned
growth rates, we arrive at the specification
y1,t − µ1,s1,t = φ1,1 (y1,t−1 − µ1,s1,t−1 ) + φ1,2 (y2,t−1 − µ2,s2,t−1 ) + ε1,t
y2,t − µ2,s2,t = φ2,1 (y1,t−1 − µ1,s1,t−1 ) + φ2,2 (y2,t−1 − µ2,s2,t−1 ) + ε2,t ,

(1)

where (ε1,t , ε2,t )0 is normally distributed with mean zero and covariance matrix Σt
and ε1,t1 and ε2,t1 are independent of s1,t2 and s2,t2 for all t1 and t2 .
The specification of the state variables s1,t and s2,t is based on the idea that the
coincident and leading indicators share the same business cycle, but with the cycle
of the CLI obviously leading the cycle of the CCI. Furthermore, stylized facts show
that on average the CLI has a longer lead time when entering a recession than when
entering an expansion. Hence, we allow for a different lead time when entering a
recession than when entering an expansion. More formally, we assume that s1,t is a
first-order two-state homogeneous Markov process with transition probabilities
Pr[s1,t = 0|s1,t−1 = 0] = p and

Pr[s1,t = 1|s1,t−1 = 1] = q.

(2)

We specify s2,t such that it leads s1,t by κ1 periods at peaks and by κ2 periods at
troughs, by defining s2,t as
 κ2
Q


s1,t+i
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κ1
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(1 − s1,t+i )
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i=κ2
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if κ1 ≤ κ2
(3)
if κ1 > κ2 .

To understand that this specification indeed gives rise to the desired asymmetric lead
times, consider the case where κ1 ≤ κ2 . Defining s2,t as the product from s1,t+κ1 to
s1,t+κ2 , essentially implies that recessions in y2,t start κ1 periods before recessions
in y1,t , while they end κ2 periods earlier. Note that, consequently, recessions in y2,t
are |κ2 − κ1 | periods shorter than recessions in y1,t . On the other hand, if κ1 > κ2 ,
recessions in y2,t are |κ1 − κ2 | periods longer than recessions in y1,t . Obviously,
lengthening the recession periods is equivalent to shortening the expansions. For
that reason we define s2,t in (3) in terms of the product over (1 − s1,t ) in this case.
An important feature of the model is that the lead times κ1 and κ2 are not fixed a
priori but are treated as unknown parameters to be estimated.
A prominent feature of many US macro-economic time series is a large and
persistent decline in volatility since the mid-1980s, see McConnell and Perez-Quiros
(2000) and Sensier and van Dijk (2004), among others. To accommodate the effects
of this ‘Great Moderation’ we allow for a single structural break in the covariance
matrix of the shocks (ε1,t , ε2,t )0 :
(
Ω0
Σt =
Ω1

if t < τ
if t ≥ τ ,

(4)

where Ω0 and Ω1 are (2 × 2) covariance matrices. We treat the break date τ as an
unknown parameter to be estimated.
The model parameters to be estimated are the regime-specific means µj,sj,t and
autoregressive parameters φi,j in (1), the transition probabilities p and q in (2), the
lead-times κ1 and κ2 of s2,t in (3), and the elements of the covariance matrices Ω1
and Ω2 and the break date τ in (4). We adopt a Bayesian approach for parameter
estimation. This is essential as we want to conduct inference on the discrete lead/lag
time parameters κ1 and κ2 , as well as the break date τ , which makes a frequentist
approach infeasible. We use a prior specification that is relatively uninformative
compared to the information in the likelihood. To obtain posterior results we employ
the Gibbs sampling algorithm of Geman and Geman (1984) together with the data
augmentation method of Tanner and Wong (1987). The unobserved state variables
{s1,t }Tt=1 and {s2,t }Tt=1 are simulated alongside the model parameters, see Kim and
Nelson (1999), among others.
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