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Abstract:

The variability of estimators often depends on mafgments. In this work a new
approach of estimation, proposed by Beaumont, @asgnted. It is based on smoothed
estimators, which have the aim to reduce the vditialof unstable weights. An
application on these estimators to the ISTAT FawumsiBess Survey (RICA-REA) 2006
is presented; this survey is affected by a highabdity on estimators, especially at
regional level. The obtained results are comparedhbse obtained applying the
traditional estimators.
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1. Introduction

The validity of estimates and of their inferenceqass depends on the model underling
the definition of sample weights. The estimatestlod parameters of interest are
influenced by the sample design variables; thisnedhat it exists correlation among
those and the produced estimates. As a consequéercestimates of population totals
which are weakly related with the design varialdesld be inefficient. The Beaumont
approach (Beaumont, 2008), nansatbothed approach, has the purpose of increasing
the efficiency of each design-based estimator, dmguthe attention on a new estimator
which takes into account of new sample weights inbththroughout a model which
relates some variables of interest with the origiveights.

While in the traditional model-based approaches lhecessary to postulate as many
hypotheses and models as variables of interesttiaeeadvantage of the smoothed
approach is in applying only a single model towlegghts.

The smoothed approach should reduce the variabilithe estimators by reducing the
variability of the weights throughout their modelisn. These new estimators are
consistent and more efficient than the model-bastuinators; moreover, they present
lower variance even though they could introducs.bia

In this work we present an application of this agwh to the ISTAT survey on the
Farm Business in 2006. The obtained results argaoed with those obtained with the
weights calculated by traditional methods (Faletsal., 1998).
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2. The smoothed estimator

We suppose to estimate the vector of populaticalsdt, = z Y, Wherey, is the vector
kU

of variables of interest for the utith and U is the finite population of size N.

We denote Y the matrix of N-rows containinyg in the rowk-th. We select a sampte

of sizen according to the probabilistic sample design p(MX= p(l|Z) where Z is the
N-rows matrix containing, in thek-th row, z_being the vector of design variables for
the population unik-th and I =(i,,..,i,,) being a vector of sample inclusion indicators
wherel, =1 if unitk-th is selected into the samei, =0 otherwise.

We define generalised design-based inference dakeimce that is conditional to Y but
not to I. In the smoothed approach we consideiirtfezence related to the distribution

F, 2 which is a particular case of the generalisedrerfee. With this type of inference
only | is viewed as being random.
In the design-based theory the natural estimatorTpfis the unbiased Horvitz-

Thompson estimator (HT)
TyHT = Zkljs Wi ¥

where w, =1/ 7z is the sample weight of urktth and 7z, = E(i, | Z,Y) = E(i, | Z )is its
inclusion probability.

The stronger the variables of interest are relatdtie design variables (for example in
stratification design), the more efficient the H3timator is. However, surveys are in
general multi-purpose and stratification is strgnglated only to one or few variables
of interest but less related to the other variables

To solve this problem we consider the smoothedabtei (SM)

= SHT _— ~
Ty - Zkl]swk yk !

wherew, = E(w, |1,Y )is asmoothed weight for unit k.
The idea is to reduce the weights variability bsnosing their noise considering their
conditioned expected value. This variaEﬂé*T IS not an estimator since it depends on
the unknown weights, . For this reason we modelize the design weightsn order to
obtain the estimatomy, of w, = E(w, |1,Y). At this point we can construct the HT
smoothed estimator

-I:ySHT = Zsz wk Yic:
To estimate themoothed weight, we assume, forlks, thaty, = g.(y, ) underling the
fact that functiong, varies from one sample to another. Many types ofieis can be

defined (Pfeffermann and Sverchkov, 1999) and beMavdescribe the two of them
which have been selected among those more suttabler data.
The first modelssumes
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where &£ given | and Y are errors independently and idaiiyic distributed
withE(g,|1,Y) =0 andvar(g, |1,Y)=0?, B and g® are unknown model parameters
and the vectorsh, andv, >0 are known functions of, .

In the first model themoothed weights are defined asy, = h Sand they are estimated

by W, =h,3 where =3 ﬂ)‘12"@5%% is an estimator of8 obtained using
k

kOs
I/k
the generalised least-squares method. Two extrases®©f the first models are when:
* weights are independent from the design variahiesthis case the model

becomesy, =B +¢£,, that is h, =1 and v,=1 and we obtaif = ’\% :
N=>"_ w,. The HT smoothed estimator beconie¥" =N>" _ y,n;

 the variables of interest predict perfectly weiglitereforew, =h, g, and, in
this case, the smoothed estimator coincides wighHM estimator with no gain
in efficiency.
In practice we have an intermediate situation betwbese two extreme situations.
A second modehssumes

W, =1+explB+v.2%8), (2)

where thesmoothed weights are defined asy, =1+ exph, ) E{epr/kyzng I ,Y}. This
model ensures that weights assume values greatefth

These are only two examples of model which couldded, but, obviously, many more
models exist and the choice among them dependfenype of data which we are
examining.

The estimation of the variance of tlsmoothed estimator can be obtained or by
developing the formula according to the relatedtieor by using methods of Taylor
linearization for not linear functions and re-samg@ltechniques (McCarthy,1966,1969).
As far as the estimates of bias regards, Gwet avesRsuggests the formula

B2 = maxo, (T ~T"")2 /var(T™ -T")} (Gwet and Rivest, 1992) (3)
where var(T™ -T"T )is the estimators of the variance of the differciof the two
estimators.

Therefore, the mean square error could be estinimted

MSE(TS) = minfvar(T ) + B2, var(f ')} (4)

where var(T S Jandvar(T"" ) are the estimators of the variances respectivélthe
smoothed and of the Horvitz-Thompson estimators.
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3 An application to the Farm Business Survey

The smoothed approach has been applied to the 1S9k Business Survey (RICA-
REA) 2006. The survey furnishes a complete and wsthee picture of the economic
situation of the Italian agriculture through thdlection of variables (REA and RICA)
on the economic results of farms. The sample sjyafter the 2006 survey uses a
random sample design stratified by region, typolagg business size (defined by the
unit of economic dimension and by the working dayd)e business size has been
defined in different ways for each region. The edliton of the sample units among
strata is such to minimise the planned errors tbmal (0.03) and regional (among 0.05
and 0.10) level for some strategic variables: ineaoss standard, gross production,
intermediate costs, amortizations, contribution&ls costs, employed labour costs and
production (basic prices).

Since the stratification has been defined at regjitevel, we make the application on
data related to each region.

The relationships among weights (with non-respaweection and calibrated to some
known totals) and some main variables (costs, priialhy, value added ...) have been
studied for the sample of farms of each regionnTlkeme models have been defined:

weights=g, (production), weightsg, (costs), weightsg, (value added), ....,

and they have been used in the construction dadriimothed estimator.
Therefore, the vectors of fitted values have besedufor the construction of the
smoothed weights defined in the first model (1) and a calibration some known
external benchmarks has been made (Deville andd&&rb992). Then, estimators of
some variables of interest for the survey and tredative errors have been calculated.
The variances of such estimators have been catculasing the Balanced Repeated
Replications technique (Zannella, 1989) and theida (3) and (4). It was also done an
application by using the second model (2), butab&@ined weights resulted extremely
high showing the inadequacy of this model to tpisc#fic survey.
For some variables of interest (production, addalde; costs, employed labour costs,
working days, contributions, social contributiongvenues), some measures of
variation and efficiency have been calculated,drtipular:

« the coefficients of variation for the traditionallTHestimator (CV_HT) and for

the smoothed HT estimator (CV_SM),

« the relative distance of the estimates RDEY ™ —Y"T)?/YHT

« the statistic of WALD=(Y™ =Y")2/var(Y™ -Y"T )that gives a measure of
the design bias,
« the relative efficiency given by RESQVAr(Y"™)/mse(YS .)

The results reported in tables 1 to 5 show thapgeneral thesmoothed estimator
compared to the Horvitz-Thompson one produces astsnwith less variability in
almost all Italian regions, with the exception oél¥ D'Aosta, Marche, Puglia and
Veneto (Tablel). It should be noted that, for eximpn Veneto coefficients of
variation of the Horvitz Thompson estimator are éowhan those of the smoothed
estimator for whole variables except for the emetbyabour costs in which the
Horvitz-Thompson estimator is 4.4 percent pointsranthan smoothed one. On the
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other hand, in three regions (Abruzzo, Lombardid &oscana) the smoothed estimator
presents on whole variables considered lower aoeffis of variation, while in the
remaining regions some variables have a gain inieficy with the smoothed estimator
and other regions do not present significant déffiees among the two estimators.

As far as variables of interest are concerned, @imployed labour costs and the
revenues have in all regions a great gain in efficy by using the smoothing approach.
From all that we can deduce the strong variabilibhych characterizes the estimators of
economic variables in the primary sector at theores level, variability that is inside
the agricultural data.

The results are also confirmed in Table 3 whererdhative efficiency (RE) is always
greater than 100, pointing out that the smoothethatkis more efficient than the
traditional one. This emphasizes a strong reduatibthe estimates variability in the
smoothed approach.

However, Table 4 underlies that the smoothed methtvdduces always bias, in some
cases negligible, but in other cases important. Aigkest value (55.06) is observed in
Liguria on the variable social contributions. Howeuhere are unbiased estimators, for
example the costs in Sardegna or the contributioisento.

By observing the relative difference (RD) of thdireates we can note, in general,
lower values for the smoothed estimates than thust@ined with the traditional
approach (Table 5.). However, an exception is spred by the Valle d’Aosta and
Marche in which the difference is positive.

Table 1.Coefficients of variation for traditional (HT) and smoothed (SM) estimators

production added value costs employed labour costs
HT SM HT SM HT SM HT SM
Piemonte 16.62 5.17 16.05 5.38 17.91 8.89 41.60 21.67
Valle d'Aosta 12.98 16.78 14.89 19.00 11.94 15.38 43.11 48.77
Lombardia 8.37 6.37 7.76 5.69 11.04 9.61 14.15 7.31
Veneto 8.81 8.98 10.46 11.34 9.94 10.40 10.82 6.40
Friuli Venezia Giulia ~ 9.29 7.93 6.83 9.30 13.10 8.79 18.65 14.15
Liguria 3.85 3.78 3.91 3.87 4.32 4.18 12.43 8.37
Emilia Romagna 6.31 5.78 8.32 10.66 5.98 5.55 15.79 10.10
Toscana 6.67 5.49 7.11 571 7.08 6.02 11.10 6.32
Umbria 7.12 6.96 8.63 8.71 7.07 6.15 15.12 7.63
Marche 5.48 6.50 7.34 8.67 5.93 6.74 26.02 18.53
Lazio 5.54 5.31 6.00 5.34 5.62 6.42 19.52 6.71
Abruzzo 553 3.92 6.68 458 4.64 3.82 18.28 11.59
Molise 6.89 7.19 7.88 8.11 6.65 7.67 16.15 12.94
Campania 11.51 8.34 13.09 16.11 8.75 11.67 11.95 5.41
Puglia 4.49 4.63 5.48 5.59 4.27 3.92 6.77 6.79
Basilicata 6.77 6.09 7.46 7.39 6.79 4.92 14.78 8.50
Calabria 18.99 16.46 19.96 17.53 14.48 12.27 21.57 17.75
Sicilia 5.40 4.91 5.69 4.83 5.73 5.86 8.04 3.81
Sardegna 7.16 4.04 6.42 4.32 9.52 5.14 26.70 7.11
Trento 8.93 8.66 7.74 6.76 11.84 11.63 19.09 14.72

Bolzano 4.44 3.81 431 4.08 5.74 4.24 9.35 9.15
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Table 2.Coefficients of variation for traditional (HT) and smoothed (SM) estimators

working days contributions social contributions revenues
HT SM HT SM HT SM HT SM

Piemonte 4.71 1.82 4.32 7.62 11.15 2.82 17.61 5.45
Valle d'Aosta 9.35 9.35 6.22 8.90 19.30 23.56 10.44 14.61
Lombardia 471 4.42 12.71 7.98 5.75 4.47 8.50 6.81
Veneto 2.83 3.05 7.42 9.73 4.44 2.99 8.76 8.83
Friuli Venezia Giulia ~ 4.49 2.50 13.74 9.33 8.66 4.35 9.27 8.20
Liguria 2.41 2.70 15.84 15.15 3.70 3.82 4.24 4.03
Emilia Romagna 3.89 1.32 7.93 16.45 8.42 4.06 6.13 5.69
Toscana 5.38 4.60 10.72 9.98 8.73 8.08 6.43 5.35
Umbria 5.62 5.65 8.76 7.29 6.83 7.15 7.16 6.41
Marche 6.46 7.49 7.77 8.00 8.81 8.40 5.69 6.85
Lazio 3.37 3.39 9.89 12.69 6.85 5.47 5.77 5.58
Abruzzo 4.70 4.08 5.53 5.13 5.37 5.38 5.97 417
Molise 5.45 4.82 5.57 5.76 6.39 6.44 7.22 7.55
Campania 4.52 5.72 7.96 8.59 7.03 4.68 12.06 6.11
Puglia 4.04 4.81 5.24 4.78 4.44 4.85 4.68 4.65
Basilicata 4.75 477 7.95 7.54 13.16 12.61 7.04 6.02
Calabria 5.35 4.87 27.90 26.81 18.23 15.22 19.36 16.75
Sicilia 3.36 3.55 6.63 5.62 5.43 5.53 5.48 5.09
Sardegna 8.76 9.55 5.85 5.68 13.47 4.06 7.78 .30 4
Trento 5.47 4.15 18.75 32.50 5.66 5.22 9.96 9.69
Bolzano 4.01 3.40 15.91 14.98 5.34 4.95 4.69 4.31
Table 3.Relative efficiency (RE) of the estimates

production added costs employed —working contributions sqmal_ revenues

value labour costs  days contributions

Piemonte 161 1.198 100 114 104 100 102 230
Valle d'Aosta 100 100 100 100 114 102 100 100
Lombardia 210 207 159 100 101 129 100 194
Veneto 119 115 106 100 100 121 100 122
Friuli Venezia Giulia 101 112 100 100 100 306 100 102
Liguria 100 100 100 233 100 118 100 100
Emilia Romagna 100 100 135 100 100 100 100 104
Toscana 100 100 100 100 100 119 100 100
Umbria 133 121 107 100 144 100 108 170
Marche 102 102 100 100 100 105 100 102
Lazio 129 144 117 100 100 124 100 125
Abruzzo 206 216 161 224 179 113 100 215
Molise 110 108 102 156 124 112 102 106
Campania 101 100 108 100 138 100 100 201
Puglia 136 131 158 100 105 128 116 144
Basilicata 138 127 103 103 100 115 100 150
Calabria 135 136 130 130 123 118 131 135
Sicilia 100 100 102 100 100 173 100 100
Sardegna 342 221 378 643 106 100 157 364
Trento 126 108 224 344 217 100 176 168
Bolzano 100 100 100 128 118 158 100 100
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Table 4 WALD statistic

production added costs employed —working contributions sqmal_ revenues

value labour costs  days contributions

Piemonte 1.78 0.84 2.80 2.49 6.09 4.69 3.62 1.57
Valle d'Aosta 2.54 1.90 2.49 1.46 0.28 0.01 0.73  4.08
Lombardia 0.92 0.99 0.70 4.42 2.44 2.03 3.37 0.76
Veneto 0.36 0.52 0.10 9.25 20.81 0.07 18.93 0.46
Friuli Venezia Giulia 5.39 0.36 9.40 9.67 20.97 3.08 19.36 5.25
Liguria 8.24 5.53 18.38 2.59 42.88 4.70 55.06 8.06
Emilia Romagna 3.07 3.01 0.77 11.68 20.06 0.11 723 1.80
Toscana 13.61 11.67 12.28 27.71 15.29 0.10 24.64 15.70
Umbria 0.47 0.07 2.43 7.80 0.55 7.29 0.08 0.74
Marche 0.92 0.06 0.88 9.00 0.01 0.15 13.21 0.81
Lazio 0.41 0.92 0.01 3.73 17.59 0.03 16.91 0.15
Abruzzo 0.00 0.04 0.21 0.87 1.31 1.59 9.30 0.10
Molise 0.66 0.00 1.83 2.15 2.03 0.06 2.56 1.35
Campania 4.39 6.62 0.00 14.07 1.68 18.61 10.05 10 3.
Puglia 1.07 1.51 0.48 16.99 0.17 0.30 0.39 1.25
Basilicata 1.04 0.23 4.10 7.80 8.58 0.00 9.89 11.1
Calabria 0.03 0.24 0.72 1.19 0.04 4.11 111 0.01
Sicilia 4.86 6.64 1.74 52.75 19.23 0.01 27.99 94.7
Sardegna 0.03 0.33 0.00 1.30 1.58 5.97 2.00 0.02
Trento 3.23 6.06 0.04 511 2.09 0.00 0.48 2.90
Bolzano 11.05 10.42 12.61 0.47 2.43 0.39 18.66 12.42
Table 5.Relative distance (RD) of the estimates

production added costs employed Working contributions sqcia[ revenues

value labour costs  days contributions

Piemonte -20.49 -13.15  -27.57 -56.91 -8.88 -13.89 -18.16 -20.28
Valle d'Aosta 10.23 10.14  10.96 18.62 2.53 0.76 706 13.55
Lombardia -5.03 -5.38  -4.49 -22.58 -4.10 -12.37 7.11 -4.40
Veneto -4.55 -7.69 -1.84 -24.51 -8.35 -1.76 -64.7 -5.06
Friuli Venezia Giulia  -15.82 -4.11 -25.57  -47.93 -19.54 -15.06 -31.97 -15.37
Liguria -5.08 -4.58 -6.39 -10.52 -4.37 -14.00 868. -6.02
Emilia Romagna -10.39 -14.84 -5.70 -44.68 -15.86 5.65 -20.26 -8.13
Toscana -14.75 -14.69  -14.82 -40.04 -8.56 1.91 -16.84 -15.84
Umbria -3.94 -1.87  -7.24 -37.07 -2.78 -15.47 51.0 -4.97
Marche 2.00 0.68 2.68 29.64 0.38 0.90 -4.90 1.86
Lazio -2.47 -4.03 0.39 -34.59 -11.14 1.26 -22.33  -1.60
Abruzzo -0.15 0.72 -1.44 8.03 -2.78 3.65 -4.95 .061
Molise 2.19 -0.15 6.03 -9.34 -3.07 0.69 -3.75 63.5
Campania -23.15 -31.23 0.14 -34.87 -5.52 28.16 8.13 -17.59
Puglia -3.96 -4.77 -2.93 -17.44 -1.85 2.44 -2.46 -4.15
Basilicata -3.10 -1.68  -6.33 -21.28 -5.09 0.15 0.60 -3.44
Calabria -0.80 -2.23 3.59 5.73 0.44 -9.95 3.98 540
Sicilia -12.54 -14.22  -8.45 -47.69 -11.81 0.42 0.1% -12.86
Sardegna 111 2.67 -0.29 -27.59 -5.84 8.08 -17.01 0.98
Trento -8.93 -13.38 -0.96 -21.47 -6.40 -0.53 3.24 -9.01
Bolzano -10.95 -9.44 -15.50 -3.05 -5.48 -7.69 -14.79 -11.58
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4 Conclusions

In conclusion, although there is an extreme valitgtnf the phenomena in the farms it
is particularly complex to define a stratified dgsistrictly correlated with all the
variables of interest. The smoothed approach pteskifierent results. In some regions
smoothed approach is better because the coefficieihtvariation are low. In other
regions the traditional approach seems to be pesfdrecause the smoothed estimator
introduces high bias in the estimates. Howeveggeineral the smoothed approach seems
to presents good results, or at least results gurtdar to the traditional approach. Only
in few cases it produces a significant worseningstimates.

The difficulty of apply such approach mainly comsi®f seeking and defining the
models that relates the weights with some explieatiariables: the problem is mainly
in the fact that they are related to some variabighly correlated only with some
variables of interest, for which the advantageeinmts of estimates is positive, but for
the other variables not correlated it introducegaesening of the estimates. In any case,
the results of the application encourage the uski®hew approach.
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