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Aims 

 General: Investigation of methods that incorporate 

flexible modelling into design-based estimation 

procedures under access to unit-level population data 
 

 Specific: Comparison of certain more recent model-

assisted calibration methods with traditional model-free 

calibration in the estimation of totals for population 

subgroups or domains (small or large) 
 

 Method: Empirical study with design-based simulation 

experiments 

 Focus: Accuracy of estimators 
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FRAMEWORK: Calibration methods in survey sampling 
 Model-free (linear) 

calibration MFC 
Model calibration  

MC 
Hybrid calibration  

HC 
       Weight 
       calibration  

Calibration to reproduce 
known population totals of 
auxiliary variables  

Calibration to the 
population total of 
predictions derived via 
specified model  

Combination of MC and 
MFC, depending on 
modeling and coherence  
requirements 

       Typical study 
       variable 

Continuous Continuous, binary, polytomous, count 
 

       Level of 
       auxiliary data  

Aggregate level Unit level 
 

Unit level 
Aggregate level 

       Model 
       specification 

Linear relationships  
(No explicit model 
statement) 

Many options 
e.g. Generalized linear (mixed) models family 

       Main aims Coherence with published 
statistics 
 

“Multi-purpose” weighting 
 

Accuracy improvement 

Accuracy improvement 
 

Flexible modelling 
 

Accuracy improvement  
 

Flexible modelling 
 

Coherence with published 
statistics 

        Selected   
        literature 

     

Deville & Särndal (1992) 
Estevao & Särndal (1999) 
Särndal (2007) 
Lehtonen & Veijanen (2009) 

Wu & Sitter (2001) 
Wu (2003) 
Montanari & Ranalli (2005)  
Lehtonen & Veijanen 
(2012, 2015a) 

Montanari & Ranalli (2009) 
Lehtonen & Veijanen (2014) 
Lehtonen & Veijanen (2015b) 
 

 



Model calibration: some references 

 Wu & Sitter (2001) JASA (plus corrigenda) 
 

 Changbao Wu (2003) Biometrika 
 Optimal calibration estimators in survey sampling 

 

 Montanari & Ranalli (2005) JASA 

 Nonparametric model calibration 

 Neural network learning and local polynomial smoothing 
 

 Chandra & Chambers (2008)  
 CSSM Working Paper 10-08 

 Model-based framework 
 

 Lehtonen & Veijanen (2012 JISAS, 2015 Wiley) 

 Model calibration in estimation of poverty indicators 

 Logistic mixed model 
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Estimators for domain totals 

Domain totals 

HT estimator     
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Calibration: Technical treatment 
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Model-free calibration equation 

1

1

      , ,...,

where (1, ,..., ) ,   

NOTE: Multi-purpose weighting

No explicit model statement (linear model assumed)

Calibration of x-variable to

d d d d

MFC

i i i d i pi

i s i U i U i U

i i pi d d

w N x x

x x s s U

   

 
   

 

  

   z z

z

tals at the domain level

Coherence property is met

MFC estimators of domain totals are of , 

when using domain-level x-totals

direct type
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Model calibration equation  

ˆ      ,   

ˆˆ ˆ ˆwhere (1, ) ,   ( ( )) (e.g. GLMM)  

NOTE: Single-purpose weighting

Separate modelling for every y-variable

Calibration of y-prediction total

d d d

MC

i i i d i

i s i U i U

i i i i d

w N y

y y f

  

 
   

 

   

  z z

z x β u

s at the domain level

Coherence property for x-variable totals is not met

MC estimators of domain totals are of  type 

- modelling for the whole sample 

- calibration at the domain level

semi - direct
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Hybrid calibration equation 
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1

1

ˆ      , ,..., ,

ˆwhere (1, ,..., , )

NOTE: Single-purpose weighting

x-variables in model part and calibration part can coincide 

or partially ov

d d d d d

HC

i i i d i pi i

i s i U i U i U i U

i i pi i

w N x x y

x x y

    

 
   

 



    z z

z

erlap or they can be separate variables

   -Calibration of y-prediction totals at the domain level

   -Calibration of selected x-variable totals at the domain level 

   -Coherence property for selected x-variable totals is met

HC estimators of domain totals are of semi-direct type
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Simulation experiment 

   

Synthetic population  of one million elements

90 domains of interest

Domain size  in domain  determined by ,   

45 domains with linear structure
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45 domains with quadratic structure: 
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Models fitted to the sample data set

elements

y x

Bet

N

n

x a

y

  



0 1

2

0 1 2

s:

     log( )

     log( ) ,    

ˆˆNOTE: Predictions  exp( ) are needed for every 

k k k k

k k k k k

k k

g y x

g y x x

y g k U

  

   

   

    

 

11 WSC 2015 Risto Lehtonen 



Population structure in domain 10 

WSC 2015 Risto Lehtonen 12 



Quality measure of estimators 

 Accuracy of domain total estimator 
 

 Relative root mean squared error RRMSE (%)  

 Medians calculated over domain sample size classes   

 

 

 

 

 

NOTE: All methods considered are (nearly) design 

unbiased  

 Maximum of median absolute relative bias ARB in small domains 

over simulations = 0.5 % 
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2
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Table 1 Median relative root mean squared error (RRMSE) (%) of estimators 
of domain totals over domain sample size classes. 
Population with quadratic structure 

 
Estimator 

 
Assisting model & domain-level 
calibration scheme 

Expected domain sample size 

Minor 
<20 

Medium 
20-50 

Major 
>50 

Direct estimators 

HT None 27.2 18.1 10.4 
Model-free 
calibration 

    0 1log( )k k ky x

Calibration: (1, )k kx z  
3.07 2.03 1.10 

      2

0 1 2log( )k k k ky x x  

Calibration: 2(1, , )k k kx x z  
4.75 1.74 0.93 

Semi-direct estimators 

Model 
calibration 

    0 1log( )k k ky x

Calibration: ˆ(1, )k ky z  
2.94 1.95 1.06 

      2

0 1 2log( )k k k ky x x

Calibration: ˆ(1, )k ky z  
2.72 1.80 0.98 

Hybrid 
calibration 

      2

0 1 2log( )k k k ky x x  

Calibration: ˆ(1, , )k k kx y z  
4.66 1.73 0.93 

 



Summary  

 Calibration improves accuracy substantially over the HT 
 

 Semi-direct model calibration offers a safe choice over 

direct model-free calibration 

 protection against instability of model-free calibration due to 

small domain sample size and model misspecification 
 

 Model calibration with more adequate model outperforms 

model calibration with less adequate model 
 

 Hybrid calibration offers a realistic compromise 

especially under coherence requirements 

 Suffers from instability of model-free calibration  

if domain sample size is “too small” 
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Thank you for your attention 
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