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We thank the discussants: Jean-François Beaumont and J.N.K Rao, Phillip S. Kott,
Domingo Morales, Maria del Mar Rueda, Changbao Wu and Shixiao Zhang for their
interest in our article. Their suggestions, criticisms and remarks provide very useful
complements. They also report a list of interesting publications on calibration. Deville
and Särndal’s article had a considerable impact on the theory and practice of survey
sampling. In October 2019, Scopus mentions that the article has been cited 614 times.
It is therefore very difficult to present an exhaustive survey of all the contributions
made by the original article on calibration.

1 Response to Jean-François Beaumont and J.N.K. Rao

We would like to thank Jean-François Beaumont and J.N.K. Rao for their particularly
thoughtful comments. We have probably failed to mention a large number of interesting
publications on calibration. It is true that we should have quoted the article of Huang
and Fuller (1978) who already raised a large number of fundamental questions and
proposed solutions especially for the problem of negative weights. We share the point
of view of the authors. We just would like to add some general remarks. We deal with
the problem of calibration in case of nonresponse in our response to Phillip Kott.

The limitation of the range of the weights is a vast subject. We would like to point
out that there are no general recommendations for bounding the weights. It is obvious
that we must avoid negative weights or even avoid wk weights smaller than 1. Indeed, a
statistical unit of the sample should represent itself at least. Many survey practitioners
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use the logistic calibration function but ultimately choose the bounds by trial and
error without any clear methodology being developed. The qk-weights can be used
to take the heteroscedasticity of the data into account. An appropriate choice of the
qk-weights can often resolve most of the weight issues without necessarily imposing
bounds. There are currently tools to minimize the ranges of the g-weights (Rebecq
2017, 2019; Graf 2016). Should we use them? Bounding weights is of particular
interest for estimation in small areas. The few simulations using maximally bounded
weights do not seem to show a significant increase in bias, but further work is still
needed to assess the true impact of the boundary on bias and variance? These questions
will probably have to be studied further and a discussion between practitioners and
researcher may be interesting.

Nor is it obvious to give a general recommendation when a very large number
of calibration variables are available. Admittedly, we have to try to focus on the
variables most closely correlated with the variables of interest, but as pointed out by
J.N.K. Rao and Jean-François Beaumont, the calibration is often used to make the
results of a survey consistent with a census or with administrative data. Obviously, we
should not calibrate too much, because as in any statistical problem, it is necessary
to apply a parsimony principle so as to avoid to increase unnecessarily the variance.
As in regression, one can use a ridge or lasso calibration. One can also make a soft
calibration, with an underlying mixed model for some variables. Unfortunately, in this
case, we lose the property of calibration. Therefore, we cannot have all at the same
time: an accurate estimator that is consistent with all administrative sources for all
known variables. At some point, we have to make an arbitration. It should be kept in
mind that calibration is primarily an estimation method before being a tool to make
the data consistent. Survey statistics is therefore also based on the experience of the
survey managers.

2 Response to Philip S. Kott

In the original article of Deville and Särndal (1992), calibration is presented as a
method for correcting the sampling error. The word “nonresponse” or “missing value”
does not appear in the paper. Calibration was initially not proposed for estimating a
probability of response.

The first publication where the estimation of the response probability is presented
as a calibration problem is probably the article of Iannacchione et al. (1991). One year
after the publication of Deville and Särndal’s paper, Deville and Dupont (1993) also
proposed to use calibration to estimate a probability of response. These authors con-
clude this paper by stating: “Developing a response model for reweighting requires a
thorough analysis of the response mechanism. This must lead to the specification of a
response model. Nevertheless, we must beware of too great complications. The way to
estimate model parameters has little effect on the quality of the final estimates. There-
fore, it is recommended to use a calibration criterion based on estimating equations
having an obvious concrete meaning” (translated from French by the authors).

This assertion changed the calibration objective to use it as an estimation technique
to estimate a model of response and no longer as a method of correcting a sampling
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error. This approach was next developed by Dupont (1994, 1996). Lundström and
Särndal (1999), Särndal and Lundström (2005) and Folsom and Singh (2000) also
advocated for the use of calibration for treatment of nonresponse.” Next Jean-Claude
Deville (1998, 2000, 2002, 2004) developed the generalized calibration by using
instrumental variables that are different from the calibration variables. The interest in
the generalized calibration was so important that it was quickly implemented and used
in public statistics notably in the SAS macro CALMAR2 of the Insee (Le Guennec and
Sautory 2002) and the gCALIBS SPSS package of Statistics Belgium (Vanderhoeft,
2001). Generalized calibration has been next studied by Kott (2006) and Chang and
Kott (2008). Thus, we can say that calibration was first developed to decrease the
sampling error. It has rapidly been applied to correct the error of unit nonresponse.

However, two approaches exist in order to deal with unit nonresponse. In the first
one (called response model approach), the probability of response is first estimated by
a nonresponse model (for instance a logistic regression). The original weights are then
the inverses of the products of the inclusion probabilities and the estimated response
probabilities. These weights are then calibrated on the totals. In the second one (called
the one-step approach), calibration is directly used to correct at the same time the
sampling error and the nonresponse error.

Haziza and Beaumont (2017) warn against the one-step approach. In this case, the
calibration variables must be relevant to be able to model the nonresponse. Lesage
et al. (2019) take strong reservations against the use of generalized calibration, which
in some cases may prove counterproductive.

In any case, we completely share the point of view of Philip Kott for the estimation
of variance. In the one-step approach, there are two sources of randomness coming
from the sampling design and the nonresponse mechanism. The variance estimation
is then specific (Kott and Liao 2012; Vallée and Tillé 2019).

3 Response toMaria del Mar Rueda

Thank you very much for these additional references. We comment the model cal-
ibration approach in the response to Changbao Wu. Concerning the calibration on
other parameters of interest, there is also the interesting article of Lesage (2011) who
explains that one can linearize the parameter to obtain an estimator calibrated on this
one.

We strongly agree that the publications about sampling and calibration for func-
tional data Cardot and Josserand (2011) and Boistard et al. (2017) are extremely
interesting and presage the use of massive data. Finally, we are relatively reluctant to
use calibration in data sets obtained without sampling designs. We are not convinced
that calibration is an appropriate tool for correcting unstructured data.

4 Response to DomingoMorales

Thank you very much for these nice comments and for these additional references. The
general pseudo-distance used in Deville and Särndal (1992), which is presented in our
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Sect. 3.1.4, is directly related to the divergence proposed by Rényi (1961). The general
pseudo-distance Gα

k (wk, dk) is also an extension of the power divergence studied in
Cressie and Read (1984). The pseudo-distance Gα

k (wk, dk) admits values whose sum
may be different from one. However, Cressie and Read (1984) used it to construct test
of hypothesis and not to reweigh the observations. We strongly agree that this family
of distances has a wide field of applications in statistics.

We completely agree that calibration is a tool that can be used in many other appli-
cations: treatment of nonresponse, coherence of estimators in small areas, estimation
from multiple sources and fusion of samples (Guandalini and Tillé 2017).

5 Response to ChangbaoWu and Shixiao Zhang

Thank you very much for these additional references. In our paper, we wanted to point
out that the calibration function that derives from pseudo empirical likelihood method
is already described in Deville and Särndal (1992). Unfortunately, this calibration
function tends to produce even more extreme weights than the raking ratio method.
We are convinced that this calibration function should be avoided or must be used with
bounds.

The model calibration approach of Wu and Sitter (2001) [also used in Montanari
and Ranalli (2005)] is interesting because it allows to take into account a nonlinear
relation between the auxiliary variables and the variable of interest. However, in the
practice of official statistics, it is often desired to construct weights applicable to
all variables of interest. These weights are sometimes simply provided with a data
file. Users can then apply these weights for any estimation problem. Calibration on
auxiliary variables is often simply useful for constructing tables in which variables
completely known by a register intervene (such as an age distribution). Relationships
(correlations, contingency tables) between different variables must also be analyzed
using a unique weighting system. The advantage of Deville and Särndal’s approach
was precisely to separate the weighting system from the variables of interest. The
model calibration approach is therefore difficult to implement in the case where a
large set of variables of interest must be coherently estimated.
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