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This work deepens the problem of defining an optimal sampling in the multivariate case where the 
variables of interest are related to different target populations. In order to get insight to the underlying 
phenomena, the observation has to be carried out in an integrated way, implying that units of a given 
population have to be observed jointly with the related units of the other population. Indirect sampling 
provides a natural framework for this setting since the units belonging to a population that is the object 
of a given survey can become carriers of information on another statistical population. This problem 
is studied with respect to the different contexts which characterize the available information in the 
sampling design phase, ranging from very well organized situations in which the links among the 
different units are known in the design phase to a situation in which the available information is very 
poor. Empirical studies on agricultural data of two developing countries are developed. These show that 
controlling in the design phaseis effective since by not doing so, the errors of the indirectly observed 
population can become very high. Furthermore, the need of having good models for predicting the 
unknown variables or the  links is stressed.
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1. Introduction

The need of observing in an integrated way different statistical populations related to each other is often 
encountered in survey sampling. The underlying relationships among the populations are regulated by 
formal rules, contingent dependencies or relationships created for the pursuit of common purposes.
For instance, agricultural surveys often refer to statistical units such as rural households, farms and 
land parcels that are related to each other. The integrated observation of such populations allows to 
measure global phenomena of the agricultural sector: for example, the education level of a farm holder 
and the farm size can affect the productivity of land parcels and thus the risk of malnutrition of rural 
households. The observation of such units in an integrated way can be recommended to get insights 
into the agricultural system of a country. 

Indirect sampling (Lavallée, 2007) provides a natural framework for the estimation of the parameters of 
two target populations that are related to each other since the units belonging to a population that is the 
object of a given survey can become carriers of information on another statistical population, through 
the type of relationship between the entities. Furthermore, indirect sampling is suitable for producing 
statistics of populations for which there is no sampling frame. In such context, the sampling procedure 
assumes a population U A related with the population of interest U B, and for whichthe sampling frame 
of U A is available. Then, a sample is selected from U A, and using the existing links between the two 
populations the units of U B are observed.

This work deepens the problem of sampling allocation when an indirect sampling design is implemented. 
The allocation problem for the direct sampling setting has been dealt with in several papers. When 
one target parameter is to be estimated for the overall population, the optimal allocation in stratified 
sampling can be performed (Cochran, 1977). When more than  one target parameter is to be estimated 
the problem aleads to a compromise allocation method (Khan et al., 2010), with a loss of precision 
compared to the individual optimal allocations. Several authors have discussed various criteria for 
obtaining a feasible compromise allocation: see, for example, Kokan and Khan (1967), Chromy (1987), 
Bethel (1989) and Choudhry et al. (2012).

Falorsi and Righi (2015) provide a general framework for multivariate and multi-domain surveys. This 
paper offers a further generalization of the framework proposed by Falorsi and Righi (2015) to the 
case of integrated observation of two or more populations. Different scenarios related to the level 
of knowledge of the existing links are examined. Section 2 introduces the background and symbols. 
Sections 3 and 4 illustrate the basic allocation problem and how it is declined in the different informative 
scenarios.
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2. Background
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3. Problem

4. Informative contexts and optimization problem1

1 �See for example the Mauss-Rsoftware available at: http://www3.istat.it/strumenti/metodi/software/campione/
mauss_r/.
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