




for this problem as

L(β, λ, δ) ≡ Πt1<t2

n
∂tZ(t1;λ)ϕ(x1; β)∂tZ(t2;λ)ϕ(x2; β)eδ×

×g(Z(t1;λ)ϕ(x1; β))g(Z(t2;λ)ϕ(x2; β)eδ)
o
×

×Πt1>t2

n
∂tZ(t1;λ)ϕ(x1; β)∂tZ(t2;λ)ϕ(x2; β)eδ×

g(Z(t1;λ)ϕ(x1; β)eδ)× g(Z(t2;λ)ϕ(x2; β))
o
×

×Πt1=t2

n
1−

R+∞
0

[1−G(kϕ(x2)e
δ/ϕ(x1))]dG(k)

−
R+∞

0
[1−G(kϕ(x1)e

δ/ϕ(x2))]dG(k)
o

where Πt1<t2 ,Πt1>t2 and Πt1=t2 denote the product over the observations for which

t1 < t2, t1 > t2 and t1 = t2. We use the fact that, for sequential switching (t1 <

t2 or t1 > t2), it is possible to date the termination time, but not for the event

in which termination times coincide. Under standard assumptions, this likelihood

function provides us with an estimator for the parameters of interest in this model.

We conjecture that a sieves approach or the ideas contained in Ai (1997), for instance,

may be adapted to obtain a more general estimation procedure.

The characterization above can also be used to obtain an estimator for ϕ(·; β)

and δ without the assumption that Z(·) is the same across games as long as it is the

same for players within the same game. Assume initially that G(·) is the cdf for a

unit exponential distribution: G(t) = (1 − e−t)It≥0. In particular, we can focus on

the event {T1 < T2} (or {T1 > T2}) and use the probability

P(T1 < T2|x1,x2) = P(Z−1(K1/ϕ(x1)) < Z−1(K2e
−δ/ϕ(x2))|x1,x2)

= P(K1ϕ(x2)e
δ/ϕ(x1) < K2|x1,x2)

=

Z ∞

0

e−k1
Z ∞

k1ϕ(x2)e�/ϕ(x1)

e−k2dk2dk1

=

Z ∞

0

e−k1−k1ϕ(x2)e�/ϕ(x1)dk1

=
1

1 + ϕ(x2)eδ/ϕ(x1)

=
1

1 + eδ+logϕ(x2)−logϕ(x1)
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Taking ϕ(x; β) = exp(β′x), for example, the above becomes

1

1 + eδ+β′(x2−x1)
=

eβ
′(x1−x2)−δ

1 + eβ′(x1−x2)−δ .

An analogous expression can be obtained for {T2 < T1}. Define then the variable Y

by

Y = 1 if T1 < T2

Y = 2 if T1 = T2

Y = 3 if T1 > T2

It can be seen that

P(Y ≤ 1|x1,x2) = Λ((x1 − x2)β − δ)
P(Y ≤ 2|x1,x2) = Λ((x1 − x2)β + δ)

where Λ(·) is the cdf for the logistic distribution. This corresponds to an ordered

logit on Y with explanatory variables x1 − x2 and cutoff points at −δ and δ. If we

take G(·) to be the cdf for a log-normal distribution, an ordered probit is obtained.

When G(·) is unknown this becomes

P(Y ≤ 1|x1,x2) = H((x1 − x2)β − δ)
P(Y ≤ 2|x1,x2) = H((x1 − x2)β + δ)

where H(w) = P(lnK1 − lnK2 ≤ w). Various authors have proposed alternative

estimation procedures for the estimation of this semiparametric ordered choice model

(for instance, Chen and Khan (2003), Coppejans (2007), Klein and Sherman (2002),

Lee (1992), Lewbel (2003) and Honoré and de Paula (2007)).

Finally we note that, if G(·), and hence H(·), is known, δ is identified even if

x1 = x2 since

δ = −H−1(P(T1 < T2|x)).

6 Conclusion

In this article we have provided a novel motivation for simultaneous duration models

that relies on strategic interactions between agents. The paper thus relates to previous

literature on empirical games. We presented an analysis of the possible Nash equilibria

in the game and noticed that it displays multiple equilibria, but in a way that still

permits point identification of structural objects.
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The maintained assumption in the paper is that agents can exactly control

their duration. Heckman and Borjas (1980), Honoré (1993) and Frijters (2002) con-

sider statistical models in which the hazard for one duration depends on the outcome

of a previous duration and Rosholm and Svarer (2001) consider a model in which

the hazard for one duration depends on the simultaneous hazard for a different du-

ration. It would be interesting to investigate whether a strategic economic model

in which agents can control their hazard subject to costs, will generate incomplete

econometric models and what the effect of this would be on the identifiability of the

key parameters of the model.
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