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Abstract 

In this discussion, I will present some additional aspects of three major areas of survey theory developed or 
studied by Jean-Claude Deville: calibration, balanced sampling and the generalized weight-share method. 

 
Key Words: Calibration; Balanced sampling; Weight share. 

 
 

1. Introduction 
 

In this discussion, I will provide some additional information on calibration in Section 2, on the 

applications of balanced sampling in Section 3 and on the weight-share method in Section 4. In Section 5, I 

will conclude with some more personal details about my work with Jean-Claude and his influence on my 

research. 

 
2. Calibration 
 

The unification of adjustment methods on auxiliary information in the form of calibration estimators 

(Deville and Särndal, 1992; Deville, Särndal and Sautory, 1993) is certainly Jean-Claude Deville’s most 

important contribution. Let U  be a population of size .N  For a unit ,k U  let kx  be a J -vector of auxiliary 

variables of the total = .kk U
t

x x  For a sample S  with sampling weights = 1 ,k kd   Deville and Särndal 

(1992) showed that finding new weights ,kw  as close as possible to the weights kd  that satisfy the 

calibration constraints on ,tx  leads to the solution 

 ˆ= ( ),k k k kw d F q λx  (2.1) 

with ( )F   a distance-dependent calibration function, λ̂  a parameter adjustment vector and kq  a scaling 

factor. In most cases, kq  is chosen equal to 1, but with = 1J  and a single positive auxiliary variable ,kx  the 

choice of 1=k kq x  finds the ratio estimator with any function ( ).F   

The choice of the calibration function ( ) = 1F x x  (linear method) finds the generalized regression 

estimator (GREG). Deville and Särndal (1992, Result 5) showed that, for a general calibration function 

( ),F   the calibration estimator ,ŷ Ct  obtained is asymptotically equivalent to the GREG estimator and shares 

its properties: negligible bias and same asymptotic variance. However, it should be noted that this result 

requires a few assumptions about the function ( ).F   In particular, it must verify (0) = (0) = 1,F F   which 
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guarantees that its first-order Taylor expansion is the same as in the linear method (Deville and Särndal, 

1992, Result 4). 

A remarkable aspect of calibration estimators is that they require very little auxiliary information. The 

auxiliary variables kx  must be observed in the sample, and only the population totals tx  must be known. 

Even auxiliary totals estimated using a baseline survey can be used ‒ see for example Renssen and 

Nieuwenbroek (1997); Rancourt (2001); Berger, Muñoz and Rancourt (2009); Dever and Valliant (2010). 

Using estimated totals instead of true totals leads to increased variance, which remains limited if the baseline 

survey is much larger (Dever and Valliant, 2016). With well-chosen auxiliary variables, this increase may 

be smaller than the benefit linked to calibration (e.g., Ceccarelli and Guandalini, 2014). 

Calibration remains a very active area of research. In the case of many auxiliary variables, it is possible 

to modify the calibration equation so that certain constraints are only approximately met. This principle has 

led to the development of ridge calibration methods (Chambers, 1996), principal component calibration 

(Cardot, Goga and Shehzad, 2017) or penalized calibration (Guggemos and Tillé, 2010); see also Breidt and 

Opsomer (2017) for a review. In this large-scale case, Chauvet and Goga (2022) have also proposed a 

bootstrap criterion for choosing calibration variables. 

 
3. Balanced sampling 
 

The cube method is one of the finest technical innovations in survey theory in the last 25 years. A sample 

design is said to be balanced on a q -vector of auxiliary variables ,kz  if all samples S  with a non-zero 

probability of selection satisfy balancing condition 

 = .k k k
k S k U

d
 

 z z  (3.1) 

The cube method (Deville and Tillé, 2004), which selects (approximately) balanced samples, is based on 

two ingenious innovations. One is the splitting method, which breaks down a sample design into simpler 

designs. The other is a geometric representation that allows us to see a balanced sampling step as a random 

walk in a hyperplane of dimension .N q  

According to the equation (3.1), balancing can be viewed as a calibration that is integrated into the 

sampling design, without having to modify the weights .kd  The drawback is that the variables kz  must be 

known for each individual in the population, while the calibration would only require knowledge of the 

auxiliary totals .tz  Another practical problem is that balancing is generally destroyed by unit non-response. 

For this reason, the method is particularly interesting in a sampling context with low non-response, like for 

the selection of primary units for multi-stage sampling; see, for example, Costa, Guillo, Paliod, Merly-Alpa, 

Vincent, Chevalier and Deroyon (2018) for the sample design associated with the selection of the NAUTILE 

master sample from the Institut national de la statistique et des études économiques. 
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Balanced sampling is also very useful for dealing with item non-response. Suppose that in sample ,S  a 

variable of interest ky  is only observed in a sub-sample ,rS  and missing in additional sample .mS  The 

imputed estimator of the total is written as 

 *ˆ = ,
r m

yI k k k k
k S k S

t d y d y
 

    

with *
ky  an imputed value for .mk S  Imputation can be based on the model 

 0: = ( ) ,k k km y f  z ε  (3.2) 

with ( )f   a known function, 0kz  a vector of known variables for any ,k S kε  a random noise and   a 

vector of parameters to be estimated. The imputed value can be generated using the random imputation 

mechanism 

 * *
0
ˆ: = ( ) ,k k kI y f  z ε  (3.3) 

with ̂  an estimator of ,  and *,kε  a random term obtained by randomly drawing from the residuals 

0
ˆ= ( )k k ke y f  z  observed for .rk S  This imputation mechanism preserves the distribution of ky  at the 

cost of an additional variance for the imputed estimator ŷIt  because of the random term *.k kk Sm
d

 ε  A 

modification of the Cube Method (Chauvet, Deville and Haziza, 2011) allows sampling among residuals 

,ke ,rk S  ensuring that the variability of *

m
k kk S

d
 ε  is (almost) zero. The distribution of the imputed 

variable is maintained, while avoiding an increase in variance for ˆ .yIt  Most random imputation methods 

allow a balanced version, which has the great advantage of reducing variance without requiring additional 

information. 

 
4. Weight-share method 
 

The generalized weight-share method provides an elegant and practical solution for surveying a 

population BU  using another population ,AU  for which there is a sampling frame. As the authors pointed 

out, this is an essential tool for producing cross-sectional estimates in longitudinal surveys, where 

households present at date 1t   are captured using individuals selected at time t  and tracked over time (e.g., 

Ardilly and Lavallée, 2007). 

The key element of the method lies in the ability to transform any variable By  from BU  into a synthetic 

variable Ay  from ,AU  with the same total. Let jkl  be the link variable between the two populations, equal 

to 1 if units Aj U  and Bk U  are linked, and 0 otherwise. Let = A

A
k jkj U

L l
  be the total number of links 

between k  and ,AU  assumed to be > 0  for all .Ak U  For any ,Aj U  the synthetic variable is written as 

 = ,
B

B
jk kA

j B
k U k

l y
y

L

  (4.1) 
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which means that for any ,Bk U  each B
ky  is divided equally between all units in AU  linked to it. The 

conservation property of the total =B A

B A
k jk U j U

y y
    allows for using a Horvitz-Thompson estimator on 

,AU  which simplifies variance estimation in particular. 

The weight-share method is traditionally used for discrete populations (e.g., individuals, households, 

businesses). The same principle applies to more complex cases, where the survey population and the sample 

population are different in nature. In forest inventories (e.g., Gregoire and Valentine, 2007), the usual 

practice is to select a sample of points in a continuous universe AU  and use plots at these points to capture 

trees, which constitute the (discrete) population of interest .BU  To switch to a total estimate of ,BU  a 

variable By  can be transported on AU  in a so-called local density variable, following the same principle 

used in equation (4.1); see Stevens and Urquhart (2000) and Mandallaz (2007). Chauvet, Bouriaud and 

Brion (2023) have shown that various methods proposed in the forest inventory literature can be seen as 

stemming from an extension of the weight share method. 

 
5. In conclusion 
 

My first collaboration with Jean-Claude was on my doctoral thesis, which I wrote under his supervision 

between 2004 and 2007. The thesis dealt with the use of bootstrap methods in survey theory, and more 

specifically with the Gross method (1980), which Jean-Claude had already considered in a review article on 

replicate-based variance estimation techniques (Deville, 1987). As part of my thesis, I studied the 

application of the Gross method to sample designs with unequal probabilities (including Poisson and 

rejective sampling), balanced designs and multi-stage sampling. 

Ultimately, I only co-wrote four articles with Jean-Claude, which isn’t very many given the number of 

years we spent together at the Laboratoire de Statistique d’Enquête. However, my research was strongly 

influenced by our discussions. A significant part of my work deals with balanced sampling methods, and 

more specifically the theoretical properties and applications of the pivotal method. My thesis work on 

bootstrap left me with a guilty pleasure for variance estimation methods, as much for analytical techniques 

as for bootstrap. I have had the opportunity to use the linearization approach on several occasions in the 

epidemiological field, for estimating treatment effects using inverse probability weighted estimators, very 

similar in essence to the estimators used to deal with unit non-response. The link between the weight-share 

method and forestry methods is a new discovery for me and has inspired great research prospects. The 

methods developed by Jean-Claude still have a bright future ahead of them. 
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