
Selection equation
• (1) Fixed Effects/corr. Random Effects (Mundlak 1978, Wooldridge 1995)
• (2 )Panel Spatial autoregr. process (Kapoor, Kelejian, and Prucha, 2007)

Outcome equation
• (1) Fixed Effects + (2) panel SAR + (3) joint normality of errors

,

Correcting for Selection Bias
• Conditional Expectation

• Adjusted Generalized Inverse Mills Ratio 

Motivation:
• Common features of economic data: spatial/network pattern (cross-

sectional interdependence), non-randomly missing observations (sample 
selection/treatment selection), panel-data

• No model exists to deal with all three simultaneously!
• Neglecting selection and/or spatial/network correlation results in biased

coefficient estimates!

Step 1: Estimate selection equation using Pooled Bayesian Spatial/ 
Network Error Probit model to obtain , where ,           . 

Step 2: Use estimated parameters to construct spatially/network adjusted
(generalized) Inverse Mills’ Ratio.

Step 3: Add estimated spatially/network adjusted generalized Inverse Mills’  
Ratio in outcome equation and estimate using Pooled Non-linear Least 
Squares to obtain .
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4 Results and discussion
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1 Introduction
Example/Future Application: Export-Wage Premium
• Empirical and theoretical evidence that exporters pay higher 

wage/worker than non-exporting firms (treatment effect of exporter status)
• Exporting decision as well as wage/worker depends on latent export 

profitability  treatment ≠ random
• Wages may have a spatial pattern due to local labor markets, commuting, 

etc.  Shocks to wages are correlated across firms!
• Profitability of exporting may have network pattern due to input/output 

linkages or industry affiliation  Shocks to profitability are correlated 
across firms!

This paper:
Develop two-step approach towards (sample/treatment) selection on 
unobservables akin to Heckman (1976, 1979) and Wooldridge (1995) but for 
panel-data with spatial or network interdependencies. 
Focus here: Spatial/Network Treatment Selection Model

Cross Section Panel

Non-Spatial/
Non-Network Heckman (1976, 1979) Wooldridge (1995)

Spatial/
Network

McMillen (1995), Flores-Lagunes, 
Schnier (2012), Doğan,Taşpinar (2017) This paper!

2 Econometric Model

3 Estimation Strategy (Outline)

Case 1: Medium Spatial/Network Correlation

Case 2: No Spatial/Network Correlation

5 Monte Carlo Evidence (Selected Results)

• Account for estimated first-stage parameters: Murphy-Topel (1985, 
2002) type of correction for two-step estimators.

• Corrected VC-Matrix is a function of the truncated variance and 
truncated covariance of the spatial error components: outline estimation 
procedure along the lines of Heckman (1979).

4 Variance-Covariance Matrix
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