1.6 Count Data—Poisson Regression

Hill's U/G Econometrics ch 18.4.3 and EViews 658ff.

The probit and logit models are produced by allowing
the probability in the Bernoulli model to vary across
individuals as x varies. In the same way regressors can
be hung on the parameters of the other distributions
of first year Statistics—the Poisson and exponential.

Poisson or count data models focus on the “number of
occurrences”’ of an event. Here the outcome variable
isy=20,1,2,3,...

Examples include:

e The number of visits to a doctor a person makes
during a year.

e The number of children in a household.

e The number of televisions in a household.

We have a sample of persons, or households which
differ in ways (age, health, income,...) that affect
the probability distribution of the number of visits,
children or TVs

e The probability distribution used is the Poisson.
From the first year if Y is a Poisson random vari-
able, then its probability function is given by
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P(Y =vy) =p(y) = ) ry=20,1,2, ...

This probability function has one parameter, A,
which is the mean (and variance) of Y.

e Suppose that units in our sample vary in accor-
dance with the value of some variable x.




e The simplest specification of a relationship be-
tween \; and x; would be

Ai = Bo + B1;-

e However the right hand side might be negative,
which is unacceptable. A simple way of guaran-
teeing that it is positive is to specify

\; = ePotBizi

e This is the Poisson regression model. The pa-
rameters could be estimated by maximum likeli-
hood, i.e. maximise
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L(B1,B2:y) = H—,
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where \; = ePotP1%i,

Another 1st year distribution is the exponential dis-
tribution with density

fly) = Ae_>‘y, for y > 0and A > 0.

The expected value is %
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This is the simplest model used for durations or wait-
ing times. Suppose we have a cross-section of indi-
viduals who have been unemployed and there is data
on their personal characteristics (age, qualifications,
etc) and how long they were unemployed. Their ex-
perience could be modelled using the exponential with
the parameter varying across individuals according to

Ai = Bo + B1;-

A lot of empirical labour economics is based on this
model and extensions of it. EViews does not cover
these duration models and we won't consider any em-
pirical examples.




1.7 Censoring—the Tobit Model

Hill's U/G Econometrics ch 18.5.1 and EViews pp.
656ff.

There is an important class of models in which an
observable outcome, response or dependent variable
whose range is limited because it is cut-off, or cen-
sored, at some particular value.

The first example involves incomplete recording of
data.

e We have data on the duration of unemployment
for the workers made redundant when a factory
closed 1 year ago. For those who got jobs af-
ter less than 1 year we know the length of their
unemployment spell. Some, though, are still un-
employed and their unemployment is recorded as
1 year. We say that the data is censored.
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e Thus if the distribution of unemployment dura-

tion, y*, is exponential the distribution of recorded
durations, y, looks like the second diagram with a

blob of probability (an atom) on 1 corresponding
to P(y* > 1).

If we use the latent variable formalism, the under-
lying variable y* is observed for values less than ¢
(one year in the example): otherwise it is recorded
as c

Jyrifyt<e
Y= ¢ otherwise.




e If we take the average of the reported durations, e We randomly select individuals and ask them,
we get a downward biassed estimate of the ex- “How much did you give to charity last year?”
pected duration because durations of at least 1
year are being treated like observations of exactly
1 year. e There are going to be many responses of $0, and

none will be less than $0. Charitable donation is

e If we ignore the observations at 1 and take the an example of a dependent variable that is limited

average of the rest we get an even bigger down- in its range.
ward bias. (In this case the data is said to be

truncated.) e
e We want to model a person’s giving in terms of

a variable z, e.g. income.
e The standard strategy for analysing censored data

is to use information (or make assumptions) about

the distribution of the period of unemployment e The Tobit or censored normal regression model
and use maximum likelihood for estimating the has for the i-th person
parameter(s).

o y;‘ if yZ* >0
Yi = 0 otherwise

In the next exan.‘lple from Hill 18.5.1 there is not. in- yr = Bo+Bixi+ui,  u N(O,az).
complete recording but rather a lot of observations
on a “boundary”. (A lower boundary in this case, so The density of y looks like this with an atom on

“left-censoring” .) 0 corresponding to P(y* < 0)




y scatter plot of ™ and x (a) scatter plot of y and x
‘centre’ at By + B1x
y
e The name Tobit is from the model’s inventor
James Tobin and its similarity to the probit model. X
e Least squares regression of y on x fails, being bi- (b) scatter plot ¥ trunc

ased even in large samples, whether you (a) leave
the $0 in the data and treat them like all other _ _ o
observations, or (b) throw out all the $0 observa- e Again ML is the standard estimation method.

tions. (Compare with estimating the mean dura-

tion of unemployment discussed above.) e The EViews example (p. 651) has the number of

extra-marital affairs as the dependent variable.




There is the usual panel of estimates, standard errors,
z-stats (Wald tests of 3; = 0) and prob values plus
a panel containing the model selection measures, AlC

Coefficient Std. Error z-Statistic Prob etc.
C 7608487 3905337 1947579 0.0514
Z1 0.945787 1.062824 0.8893881 0.3735
Z2 -0.192698 0.080965 -2.380015 0.0173
Z3 D.§|3319C D.145I§92 3.525%9? C.DDQ_S’ . . . .. .
? i%ﬁégﬁ 1?;2; Eig%gg §§§?§ These limited dependent variable models originated in
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z7 Dt 03l DecveE 0072 Statistics but in the last 25 years they have attracted a
ErorDistiwion lot of attention from economists and econometricians,
SCALE-C{10) 8.258432 0554534 1480256 0.0000
R s ey engserdertr like Heckman and McFadden (Nobel Prizes 2000),
S.E.ofregressior_\ 9.551544 Akaikeinfo_cr'rt_erian 2378473 h k d h h h h
S ed d 539472  Schwarz i 245166
Log kainood 047411 tommGumier. 2400001 ave tweaked them so that they serve the purposes
Avg log likelihood -1.1725497 .
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Uncensored obs 150 Toial obs G601
The next type of model was created more than 50
Figure 2: years ago and was thought more suited to Economics

than the basic regression model. For this work Haavelmo
got the Nobel Prize in 1989.




