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Objective

Present the multipart 
model as a method for 
cost predictions.
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Roadmap
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1. Approaches

2. Parametric 
Approaches

3. Multipart 
Model

4. Example

5. Stata
(time allowing)



 Parametric estimation (the subject of this 
presentation)
 e.g., define functional form of conditional 

parameters (e.g. regression and skedastic 
functions).

 e.g., define functional form of distributions

 Nonparametric approaches
 Kernel regression: weighted averages for 

each observation
 Series regression: using linear combinations 

of basis functions

Approaches
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 Semiparametric estimation
 Partially linear models: y = β ε′X + +g Z( )
 Index models: y g= ( )β ′X +ε

 Machine learning approaches
 Classification and regression trees
 Random forests 
 Generalized boosting methods 



Parametric 
methods
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Transformations
 Express transformed dependent variable (e.g., cost) as 

linear function of predictors:
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 ( )g Y β ε′= +X

1( )Y g β ε− ′= +X



Prediction based on
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 Specify a distribution of errors
Or, integrate out error using estimated residuals



Transformation examples
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Example: logarithm transformation
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ln( )Y β ε′= +X

ˆˆ (ln( ) | )E Y β ′=X X

“Congress does not 
allocate log-dollars”

Will Manning

Transformed variable as a linear combination
of predictors



Retransform to predict Y rather than ln(Y)
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 ˆˆ ˆ( | ) ( )E Y e e dFβ ε ε′= ⋅∫XX

 2ˆ ˆ0.5ˆ ( | )E Y e εβ σ′ + ⋅= XX

ˆ ˆ1

Duan smearing estimator

ˆ ( | ) i
n

i
E Y e eεβ ′= ⋅ ∑XX



Y eβ ε′ += X

If assume F is N(0,σ2):

If not assume F has a specific distribution:
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Example: square root transformation

Y β ε′= +X

2( )Y β ε′= +X

 ( )2 2ˆˆ ˆ( | )E Y εβ σ′= +X X



Nonlinear regression functions
Directly model conditional expectation as a function of the 
linear predictor:
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( | ) ( )E Y h β ′=X X

( )Y h β ε′= +X

( )1 ( | )h E Y β− ′=X X h−1 is the link 
function

 Estimate using nonlinear least squares based on

 Estimate using MLE/QMLE (GLM models)



 Common link functions for costs
 Natural logarithm
 Square root

 Common distributions for costs
 Gamma
 Generalized gamma
 Sing-Maddala
 Log-logistic
 Beta prime
 Tweedie
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Multipart model
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Partition the dependent 
variable into regions

( | ) ( | , ) ( | )
r R

E Y E Y r P r
∈

= ⋅∑X X X

Expand the conditional expectation across the 
regions:



Estimate individual parts
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ˆ ˆ ˆ( | ) ( | , ) ( | )
r R A B

E Y E Y r P r
∈

= ⋅∑X X X
 

Estimate each part in A using any of the preceding methods 
for each region

Estimate each part in B using
 Ordered categorical variable model (e.g. ordered Logit)
 Multinomial model



Example—GEC population
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Objective: To compare performance of cost models on the 
Geriatrics and Extended Care (GEC) population of Veterans

Setting: Veterans in the United States Department of Veterans 
Affairs (VA) not residing long-term in nursing homes 
(noninstitutional) and without end-stage-renal-disease 
(ESRD).  

Data Source:  Fiscal year 2017 costs and diagnoses from VA 
inpatient, outpatient, drug, and prosthetics Managerial Cost 
Accounting data, VA purchased care claims, socio-
demographic enrollment and vital status data, Medicare 
enrollment, and diagnoses from inpatient/outpatient and 
Carrier claims data.
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Study Design: Models were estimated on noninstitutional 
Veterans and the subpopulation receiving GEC services.  

Risk-adjusters included age, indicators of being white, male, 
married, having insurance, being on a VA chronic illness 
registry, 8 VA priority status groups, 24 drug classes, 47 
mental health conditions, 84 Hierarchical Clinical 
Conditions, and the JEN Frailty Index.  Models were 
compared by mean residuals, R-square, and root mean 
squared errors (RMSE).



Models
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Results
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R2, RMSE, and RMSE in the 10th Decile of predicted costs
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Consequences for evaluating program 
costs relative to standardized population



Conclusion
Multipart models can be a useful tool in the cost 
prediction toolbox.
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Careful if want true 
representation of E($|X) 
rather than prediction



If we have time
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Let’s walk through my

program



Want the Stata program?
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Contact me: 
peter.veazie@va.gov
peter_veazie@urmc.rochester.edu



Acronyms
 GEC: Geriatrics & Extended Care
 VA: Department of Veterans Affairs
 ESRD: End-stage renal disease 
 MLE:  Maximum likelihood estimation
 QMLE: Quasi maximum likelihood estimation
 GLM: Generalized linear model
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Thank you!
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