Domain Estimation Techniques Applied to an Agricultural Survey

MARIA HELENA C. GUERRA

Instituto Superior de Estatística e Gestão de Informação

Universidade Nova de Lisboa

Campus de Campolide, 1070-124 Lisboa

PORTUGAL

helena@isegi.unl.pt
Abstract: - Several methods of domain estimation are analysed and tested according to the specific problem of an agricultural survey conducted by the Portuguese National Statistics Institute. The importance of use of appropriate auxiliary information in the scope of the domain estimation is emphasized. It is shown that, the choice of auxiliary variables that are correlated with the variables of interest and its use through several techniques of domain estimation, allows getting considerable gains of accuracy. The bootstrap algorithm and the Taylor linearization are used for variance estimation. The precision of the analyzed estimators is discussed and some recommendations are made regarding their applications under this survey.
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1   Introduction

In the modern society of information, the surveys are more and more used to supply estimates, not only for the population as a whole, but also for specific subpopulations called domains of study or simply domains. More generally, a domain is any subpopulation for which a separate estimate may be requested, before or after the planning stage of the survey [1].

     The sample size of each domain is random and in some cases very small, which renders difficult the achievement of estimates with acceptable precision through the conventional estimators. 

     In this context, the Portuguese Agricultural Survey (PAS) is an example of the increase of interest and demand for information on areas of smaller size. 

     The aim of this work is to study estimation techniques that allow carrying out inference, with a reasonable degree of precision, in a more disaggregated level than the one that is currently used for the publication of results. 

     Some of the estimation techniques analysed for this specific case assumes the existence of relevant auxiliary information that is in some way correlated with the variables of study. It is expected that this issue can improve the quality of the results. 

     The Taylor linearization technique and the Bootstrap method proposed by [2] are used in the precision analysis for the presented estimators.
2  The Portuguese Agricultural Survey: The Inherent Problem

The Portuguese National Statistics Institute carries out a Census of Agriculture for each ten years. In the time between census, three surveys are conducted: the first one after four years of the census and the following ones after periods of two years.
     The main purposes of these surveys are: 

· to know the structure of the farms and to evaluate its evolution; 

· to inform on the evolution of the agricultural production systems;

· to characterize the agricultural population and the wage-earning manpower.

     The design of the PAS is a stratified sampling, using the Agricultural Region (see Fig.1) as a geographic level for the stratification of the sample. In each Agricultural Region a new stratification is carried through and strata are constructed using the variable Used Agricultural Surface as well as others variables specific for each region. Therefore, the PAS uses a stratified sampling design with simple random sampling without replacement in each stratum.

     Since the sample design of this survey was previously established, this study gives a special focus to the estimation phase. So, the aim is to test and to analyze some methods of domain estimation that adjust to the specific problem of the Portuguese Agricultural Survey, that allow the improvement of precision at the level of Agricultural Region and that make possible the inference at a lower level of aggregation, corresponding to the third level of the standard classification of territorial units for statistical ends (NUTS III), with an acceptable degree of precision (see Fig. 1).

[image: image1.wmf]å

Î

=

t

d

U

i

i

d

y

Fig.1 – Division of Portugal (continental) in Agricultural Regions and in NUTS III

     The sample sizes of the NUTS III are between 527 and 6214 farms and the sampling rates have a minimum value of 8% and a maximum value of 27%. This seems encouraging since there aren’t domains of study particularly small.

     Using data from 1993’s PAS it is intended to produce estimates and some accuracy measures for two variables of study:

· Total Cereals

· Total Fresh Fruits

     The specific choice of these two variables was made with the intention of represent a variable that, relatively to the whole set of variables, has presented low coefficients of variation (Total Cereals), and another one that has presented higher coefficients of variation (Total Fresh Fruits).     

3   Domain Estimation Techniques

Since the domains of study have a considerable size and aren’t very small, the estimation methodology will follow a design-based perspective. 

     In small domain estimation a model-based approach is often used, namely through synthetic and combined estimators. A more detailed analysis of the application of model-based estimators to small domains estimation can be found in [3] and [4].

     The sampling design inherent in PAS is stratified sampling with simple random sampling without replacement in each stratum. The population is divided in H strata that can cross the D domains of study (Ud d=1,...,D). Population sizes are represented by N and sample sizes are represented by n. The subscripts h and d refer to the hth stratum and the dth domain, respectively. The symbols ( and ( denote the population mean and the population total, respectively.

     The parameter for which estimates will be produce is the population total, of the variable of study Y in the domain Ud:
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(1)

     The estimators that will be presented next, will always take into account this specific sampling design.

3.1
Estimation without auxiliary information 

The first estimator to consider is the Horvitz-Thompson estimator for domains. This estimator is used in the inference for Agricultural Region and its precision will be confronted and compared with the precision of the other estimators.

     The expression of the Horvitz-Thompson estimator for the particular case of a stratified sampling is:
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where shd is the sub-sampling included in Uhd which is the intersection of the dth domain with the hth stratum. 

     The expressions of the variance of (2) and its estimator are, respectively: 
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where 
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     The symbols 
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 represent, respectively, the sample mean and the sample variance in the hth stratum intersected with the dth domain.

     The two estimators that are presented next do not use any other auxiliary information besides the domains population sizes.

     Consider that the variable of study Y, in the domain Ud, can be written, as a ratio between the population totals of indicator variables Z (zi=1i(Ud) and X (xi=yi1i(Ud), that is,
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     An estimator of 
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 is a domain ratio estimator. As the case in study has a stratified design we’ll consider a combined and a separate domain ratio estimators:
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     For estimators as these, that are not linear functions of population totals, the method of linearization of Taylor [1] e [5] is used to obtain an approximate expression for the real variance of the estimators and also an approximate estimator of this variance. According to [1] for samples of small size the method of linearization of Taylor has tendency to underestimate the variances.

     Therefore, the approximated expressions of the variances are:
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     In practice, the following variance estimators are used to compute the precision measures for the estimators (6) and (7):
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3.2
Estimation with auxiliary information

The presence of auxiliary information correlated with the variable of study, makes possible to use the ratio estimators and to take advantage of this type of estimators allowing the achieving of considerable gains of accuracy. 

     Consider an auxiliary variable, X, that is correlated with the variable of analysis Y and for which the domain population total of X is known. The total (yd can be written as:  
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     In the particular case of PAS, and after the analysis of several variables, the one that showed to have a more satisfactory behavior, in the way of being more correlated with the interest variable, was the proper variable of study observed at the time of the last Census of Agriculture. 

     Using this auxiliary variable, two domain ratio estimators, one combined and one separate, are defined as follows: 

     
[image: image20.wmf]å

å

å

å

=

Î

=

Î

t

=

t

H

1

h

s

i

i

h

h

H

1

h

s

i

i

h

h

d

x

c

Qaux

d

hd

hd

x

n

N

y

n

N

ˆ


(13)

          
[image: image21.wmf]å

å

å

=

Î

Î

t

=

t

H

1

h

s

i

i

s

i

i

d

xh

s

Qaux

d

hd

hd

x

y

ˆ


(14)
     The approximated expressions of the variances by the Taylor’s linearization technique, for each one of these estimators, are:   
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    In practice, the computation of precision measures uses the following variance estimators for the estimators (13) and (14):     
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4 Presentation and Discussion of Results

Analying the standard deviations obtain for each one of the NUTS III, it is possible to observe that, for the variable Total Cereals, the precision of the estimators (13), (14) and (7) is quite similar. For the variable Total Fresh Fruits there is a clearer difference between these estimators. It is possible to point out the estimators (13) and (14) as the ones that have smaller variance.

     The graphic shown in Fig.2 enables to visualize in comparative terms the precision of all the estimators tested, through the design effect, always calculated as the ratio between variances of the analysed estimator and the reference estimator for this study (Horvitz-Thompson estimator). 
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Fig.2 – Graphic representation of the design effect of the analyzed estimators, using HT estimator as reference.

     This graphic also confirms the previous comment regarding the gains of accuracy of the ratio estimators (13) and (14) relatively to the Horvitz-Thompson estimator. For the variable Total Cereals, the design effects for (14) and (13) assume the values 0.77 and 0,78, respectively. For the variable Total Fresh Fruits, there’s a more significant improvement. The design effect for this variable and for the same estimators assumes values of 0.58 and 0,60.

     The coefficients of variation allow getting other conclusions about the precision of the estimators (13) and (14). Analyzing their values for each domain, it can be concluded that they are acceptable, because they are inferior to the currently obtained for the majority of variables at the Agricultural Region level.

     The graphic in Fig.3 shows the mean coefficient of variation (calculated for NUTS III) of all the tested estimators, and confirms that the estimators (13) and (14) are the ones that have smaller variability, for both variables, Total Cereals and Total Fresh Fruits.
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Fig.3 – Graphic representation of the mean coefficient of variation (in NUTS III) for the analyzed estimators .
After a comparative analysis of the tested estimators, it is possible to conclude that the estimators that use relevant auxiliary information have considerable gains of accuracy. This fact was observed for the two variables of analysis, Total Cereals and Total Fresh Fruits. However, there was a more significant improvement for the last mentioned variable.

     To conclude this analysis, the Bootstrap algorithm [2] was applied to estimate the variances of the estimators with a more satisfactory global behaviour: the ratio estimators (13) and (14).
     Of the analysis of these results it can be pointed out that the Bootstrap variances of the estimator (13) are, for a great number of NUTS III, significantly different (in many cases much superior) of the variances obtained by Taylor’s linearization. This fact is due to the small size of some intersections of strata and domains. This leads to an underestimation of variance when approximated by a first order Taylor’s series. Therefore, the use of this estimator should be done with extreme caution and, in the specific case of the PAS, it is not recommended.
For the remaining estimator (13), the Bootstrap variances are not significantly distinct of the variances calculated by Taylor’s linearization. This fact can be observed in Tables 1 and 2, for variables Total Cereals and Total Fresh Fruits, respectively.
Table 1 – Comparison of mean std. deviation and mean coeff. of variation obtain by Taylor’s Linearization and Bootstrap (Total Cereals)
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	Mean standard deviations
          Bootstrap
	     66242,18

	          Taylor’s linearization
	     65819,27

	Mean coefficient of variation

          Bootstrap
	             4,38

	          Taylor’s linearization
	             4,36


Table 2 – Comparison of mean std. deviation and mean coeff. of variation obtain by Taylor’s Linearization and Bootstrap (Total Fresh Fruits)
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	Mean standard deviations
          Bootstrap
	     16179,62

	          Taylor’s linearization
	     16545,23

	Mean coefficient of variation

          Bootstrap
	           12,84

	          Taylor’s linearization
	           12,46


5 Conclusion

The several theoretical evidences that the use of relevant auxiliary information is of particular importance in the scope of the domain estimation have been confirmed in this specific application. In fact, the choice of an auxiliary variable that is strongly correlated with the variable of interest, and its use through some domain estimation techniques, allowed to get considerable gains of accuracy and made possible the inference at a higher level of aggregation.

     Among all the tested estimators, the ratio estimators that use different auxiliary information from the domain sizes were the ones that had better global results. From the analysis of the results obtained for one estimator, the estimator (14) was possible to confirm the risk of underestimation of the variance through the Taylor linearization method, when there are small sample sizes.
    Therefore the combined ratio estimator, which uses as auxiliary information the variable of analysis observed at the time of the latest census, is among all the estimators tested the one that had a more satisfactory behavior and that better adjusts to this specific survey.

     If results are needed at an even higher level of aggregation where the domains are of smaller size, it will be necessary a different approach and the estimation methodology will probably have to follow a model-based perspective.
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