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Outline

• Binary dependent variables
– Logit ‐ Fixed Effects Models 

– Probit ‐ Random Effects Models

• Censored dependent variables

• Empirical application – timber supply



Binary dependent variables

• Yit =1: event happens
• Yit=0: event does not happen

• Pit: i‘s probability for a 1 or zero at time t

• Pit = Pr[yit=1] = E(yit|xit) = F (x’itß)

• Linear probability model: F (x‘itß)= x‘itß or F(w)=w
– > usual panel methods apply but ŷit is not guaranteed 
to lie in the unit interval



Binary dependent variables II

• Solution to the “unity problem“:
– Logistic or

– Normal c.d.f

that constrain F (w) between 0 and 1.

– Logit

or

– Probit Model
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Binary dependent variables III

• Example: Neoclassical labour supply function

Worker participation in the labour force:
yit = 1 if yit* > 0
yit = 0 if yit*  ≦ 0

(yit*: Δ offered wage / unobserved reservation wage)

where:   yit*= x‘itß+uit , so that

Pr[yit=1] = Pr[yit*>0] = Pr[uit>‐x‘itß]= F (x‘itß)



F.E. Model I

• Incidental parameters problem

F.E. Model: yit*= x’itß+μi+νit with

Pr[yit=1] = Pr[yit*>0] = Pr[νit > ‐x’itß‐μi] = F(x’itß+μi)

μi and ß unknown parameters and as N ‐> ∞ for fixed T, μi
increase with N ‐> thus μi cannot be consistently estimated 
for fixed T ‐> incidental parameters problem

Neyman, Scott (1948)
Lancaster (2000)



F.E. Model II

• In the linear panel data model ß was estimated consistently by getting rid 
of μi ‐> within transformation 

• Possible because mle of ß and μi are asymptotically independent

=> not longer the case for qualitative independent variables with fixed T

• Hsiao (2003: 194f) shows for a simple model with N ‐> ∞ and T=2:

plim (N ‐> ∞) ß=2ß

• Greene (2004) shows:

• N=1000, T=2, 200 reps, 100% bias

• N=1000, T=10, 200 reps, 16% bias

• N=1000, T=20, 200 reps, 6.9% bias



F.E. Model III
Solution:

• Find a minimal sufficient statistic for μi

• For the logit model this is                according to Chamberlain (1980).

• Therefore: Maximizing conditional likelihood function:  

Lc=     Pr(yi1,…,yit |          )         ‐>     conditional logit estimates for ß

For F.E. probit models:

• We cannot find simple functions for the parameters of interest that are 
independent of the parameters μi. 

•There does NOT exist a consistent estimator of ß for the fixed effects probit
models.

∑
=

T

t
ity

1

∏
=

N

i 1
∑
=

T

t
ity

1



RE models
• R.E. probit model
• uit = μi + νit μi∼ IIN(0,σ²μ)

νit∼ IIN(0,σ²ν)

• Since E(uituis)= σ²μ for t ≠ s, the joint likelihood of 
(y1t,…,yNt) can no longer be written as the product of the 
marginal likelihoods of the yit .

• => complication of the derivation of maximum likelihood which 
will now involve T‐dimensional integrals.

Independent of each 
other and of xit
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RE models II

• Maximization of Li w.r.t. to ß and σμ infeasible 
if T is big.

• Trick: Write the joint density function as a 
product of the conditional density and the 
marginal density of μi. 

• By conditioning on the individual effects, the 
T‐dimensional integral reduces to:
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Part II: applied

But before:

•Tobit
•Censored
•Truncated
•Corner Solution
•Count Data
•Tobit II
•Hurdle model



Tobit Models:
Censored, truncated and corner solution models

Source: Long (1997)



Concept of latent variable

• Distribution of y* given x in the binary
response model

Source: Long (1997)



Regression without censoring

Source: Long (1997)



Regression with Censoring and 
Truncation

Source: Long (1997)



Application: Timber Supply

• T = 60 months
• N = 12.000 members
• → 720.000 observations (95%  of obs.: supply = 0)

• Variable of interest:
Timber supply

• Possibly influenced by:
–price (main assortment)
–wind storm (dummy)
–forest land (in ha)
–structure (agrar vs forest)
–sex, age of supplier
–seasons (dummy)
–etc. (not yet available)



Overview: aggreated monthly supply



Tobit and Tobit II

Tobit: 
(Corner Solution Model  ≈ censored model)

xttobit:

Interpretation?
‐> coefficients of y*   ‐ not y

Tobit II:
(Two step or hurdle model)

xtlogit: 
(or xtprobit)

xtreg: 

Interpretation?
‐> latent variable, odds ratio, standard

Source: Baltagi (2008)



TOBIT: xttobit



Interpretation Tobit

Tobit: 
(Corner solution model ≈ censored model)

Interpretation:

For a unit change in xk , there is an 
expected change of ßk units in y*, 
holding all other variables constant.

In the above case: 

A 1% increase in price, yields in an 
expected 11.2 % increase in the 
propensity to supply

(≠ Price elasticity of supply)

Source: Long (1997)



Tobit and Tobit II

Tobit: 
(Corner Solution Model  ≈ censored model)

xttobit:

Interpretation?
‐> coefficients of y*   ‐ not y

Tobit II:
(Two step or hurdle model)

xtlogit: 
(or xtprobit)

xtreg: 

Interpretation?
‐> latent variable, odds ratio, standard

Source: Baltagi (2008)



TOBIT II: xtlogit



TOBIT II: xtlogit, odds ratio



Tobit II: Interpretation:

xtlogit: 

For a unit increase in xk , there is an expected logit change by ßk , holding all other variables 
constant. 

‐> Meaning not intuitive. Better:

Odds Ratio: e (ßk * delta)

For each additional unit (delta =1) in xk , the odds are expected to change by a factor of e (ßk *
delta), holding all other variables constant.

I.e. in the above case:

An increase in price by 10 Euro (delta =10) , increases the odds of becoming a supplier by a 
factor of 1.69.  (= 1.054 10 when looking at the xtlogit odds ratio coefficents or exp( 0.052 *10) 
when looking at the xtlogit output.)

xtreg:

xtreg interpretation is straight forward. Be aware that the regression only includes those forest
owners that indeed do supply. (reduced sample).

Source: Long(2008)



TOBIT II: xtreg (re)



TOBIT II : xtreg (re)  
case 2: forest land < 50 ha



Thanks!



BACKUP SLIDES



TOBIT II: xtprobit



Rho

Source: Stata help

Source: Kunst
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