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Introduction

The methodology used for the production of variance estimates for
annual point estimates and net changes was developed, and it is
possible to evaluate whether net changes and annual point
estimates are statistically significant. The methodology and
calculations were applyed for the following LFS indicators:

employment rate 20-64, total;
employment rate 20-64, men;
employment rate 20-64, women.
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Theoretical basis of ’vardannual’

Guillaume Osier and Virginie Raymond article ”Development
of methodology for the estimate of variance of annual net
changes for LFS-based indicators” (Osier, Raymond, 2015)
Guillaume Osier and Pauline Perray article ”Variance
estimators of annual levels and net changes for a defined set
of LFS-based indicators” (Osier, Perray, 2016).

Both papers showed an estimator proposed by Berger and Priam
(2013) and Berger and Oguz Alper (2013). This estimator has also
been recommended by the Second Network for the analysis of the
EU-SILC data (”Net-SILC2” project) to deal with measures of
changes between the EU-SILC reference indicators of poverty,
inequality and social exclusion (Eurostat, 2013).
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Methodology description plan

LFS survey
The variance estimation of quartely estimates
Correlation estimation of two quarter change estimates
Variance estimation for annual point estimate
Variance estimation for annual net change estimates
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LFS survey

Methodology for variance estimation for annual point estimates
and net changes was developed taking into account sampling
design (including overlap between quarters) and calibration. The
indicator based on the LFS is sample estimate. The sample was
formed as a rotating panel sample, where sampling units took part
in the survey several times. Thus, we cannot assume that quarterly
or annual estimates of the LFS are time-independent and,
therefore, temporal correlations between cross-sectional estimates
also reflected in variance calculations.
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The variance estimation of quartely estimates
The estimate of the ratio is calculated as:

θ̂t = Ŷt

Ẑt
=
∑

k∈si wt,i · yt,i∑
k∈si wt,i · zt,i

,

where st denotes the sample of individuals at quarter t, the wt are
the survey weights at quarter t, the yt,i is the variable y for person
i at quarter t, the zt,i is the variable z value for person i at quarter
t.
θ̂t is a non-linear statistic and assumes that can be expressed as a
smooth function of estimated population total τ̂t . First-order
Taylor series approximation of θ̂t leads to:

θ̂t = f (τ̂t) ∼=
∑
i∈st

wt,i · ut,i + Rt,n,
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The variance estimation of quartely estimates

Where the remainder Rt,n tends towards zero as the sample size
tends towards infinity. The variance of θ̂t is asymptotically equal to
the linear part τ̂t =

∑
i∈st wt,i · ut,i .

V̂ar(θ̂t) ∼= V̂ar(τ̂t),

Each quarter linearized variable for the ratio estimator (Särndal et
al, 1992) is calculated as

ût,i = 1
Ẑt

(
yt,i − θ̂tzt,i

)
.
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The variance estimation of quartely estimates

If the weights are calibrated, then calibration residual estimates êk
are calculated (Lundstrom, Särndal, 2001) by formula

ϕ̂t,k =
∑

i∈householdk

ût,i − x ′
t,k B̂t ,

where

B̂t =
(∑

k∈s
dt,kqt,kxt,kx ′

t,k

)−1(∑
k∈s

dt,kqt,kxt,k
∑

i∈householdk

ût,i
)

Xt - the matrix of auxiliary variables in quarter t, qt,k - variable,
which is vector of positive values accounting for heteroscedasticity.
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The variance estimation of quartely estimates

The estimation of variance was implemented by ultimate cluster
approach and multivariate regression. With the ultimate cluster
approach, the Primary Sampling units (PSUs) will play the role of
sampling units. We compute the following estimates for each PSU
with such an approach.

y̆t,j =
∑

k∈st∩PSUt,j

wt,k ·


ϕ̂t,k , calibration is used,∑
i∈householdk

ût,i , calibration is not used.

(1)
where j = 1,m denotes total of PSUs at quarter t, PSUt,j denotes
j − th PSU at quarter t.
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Variance estimation with the ultimate cluster method

V̂ar(τ̂t) =
Ht∑

h=1

nt,h
nt,h − 1

nt,h∑
j=1

(y̆t,j − ýt,h∗)2

where

ýt,h∗ =
∑nt,h

j=1 y̆t,j

nt,h
h is the stratum number, with a total of H strata in quarter t,
j is the label of the PSU within stratum h, with a total of nt,h
PSUs in quarter t.
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Variance estimation with the ultimate cluster method

Variance estimation is implemented with ultimate cluster approach
and regression model, where difference

(y̆t,j − ýt,h∗)2

is regarded as the estimated residuals of regression model.
Regression model:

y̆t,j =
Ht∑

h=1
βt,h · zth,j + εt,j
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Variance estimation with the ultimate cluster method

where y̆t,j was defined by (1) and dummy component zth,j is given
by:

zth,j =
{

1, PSUj ∈ st,h,

0, PSUj /∈ st,h.

where st,h is sample for PSU within stratum h at quarter t.
Estimated residuals are used in variance estimator for variable.

V̂ar(τ̂t) =
Ht∑

h=1

nt,h
nt,h − 1

nt,h∑
j=1

(ε̂t,j)2
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Variance estimation of two changes

Variance estimation of two quarter changes for LFS deals with
measuring change between complex non-linear indicators. The idea
is to apply the linearization method (Särndal et al, 1992; Deville,
1999) to approximate a complex non-linear statistic with a linear
function of the observations, justified by asymptotic properties of
the estimator. Then, a variance estimator of the linear
approximation gives an estimator of the variance of the non-linear
statistic.
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Variance estimation of two changes

The estimator of change ∆ between non-linear parameter θ̂1 of
quarter 1 and non-linear parameter θ̂2 of quarter 2 is

∆̂ = θ̂2 − θ̂1,

where θ̂t are the standard estimator of θt based on sample st of
quarter t, where t is first or second. If θt is the ratio of two
population totals at quarter t, where t is first or second, then we
have

θ̂t =
∑

i∈st yt,i · wt,i∑
i∈st zt,i · wt,i

, t = 1, 2

Juris Breidaks
Variance estimation for annual point estimates and net changes for LFS using R package vardpoor



Introduction
Methodology

Function vardannual

LFS survey
The variance estimation of quartely estimates
Variance estimation of two changes
Variance estimation for annual point estimates
Variance estimation for annual net change estimates

Variance estimation of two changes

Let θ̂t be a non-linear statistic and let θ̂t us assume that can be
expressed as a smooth function of estimated population total τ̂t .
First-order Taylor series approximation of θ̂t leads to:

θ̂t = f (τ̂t) ∼=
∑
i∈st

wt,i · ut,i + Rt,n,
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Variance estimation of two changes

Where the remainder Rt,n tends towards zero as the sample size
tends towards infinity.
Let τ̂t =

∑
k∈st wt,k · ϕt,k the linear approximation of θ̂t or both t

value. We obtain the following formula:

ϕ̂t,k =



∑
i∈householdk

ût,i − x ′
t,k B̂t , when variable is linearized

and calibration is used,∑
i∈householdk

ût,i , when variable is linearized.
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The variance estimation of quartely estimates

where

ût,i = 1
ût

(
yt,i − θ̂tzt,i

)

B̂t =
(∑

k∈s
dt,kqt,kxt,kx ′

t,k

)−1(∑
k∈s

dt,kqt,kxt,k
∑

i∈householdk

ût,i
)
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The variance estimation of quartely estimates

Hence, the variance of ∆̂ is given by:

Var(∆̂) = Var(θ̂2 − θ̂1) ∼= Var(τ̂2 − τ̂1) =

= Var(τ̂1) + Var(τ̂2)− 2 · Cov(τ̂2, τ̂1) =

= Var(τ̂1) + Var(τ̂2)− 2 ·
√

Var(τ̂1) ·
√

Var(τ̂2) · ρ(τ̂2, τ̂1)

The variance estimates of and is calculated using the estimator
proposed by Net-SILC2 (Berger et al, 2016).
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The variance estimation of quartely estimates

As the survey quarters in LFS are time-correlated, the correlation
ρ(τ̂2, τ̂1) between the cross-sectional estimators cannot be ignored.
The estimator proposed by Berger and Priam (2016) is based on
the residual matrix of a multivariate regression model. The model
includes covariates which specify the stratification. In addition,
interaction terms specify the rotation of the sampling designs:

(
ϕ1
ϕ2

)
=

H∑
i=1

(
β1

h · z1h,j + β2
h · z2h,j + β12

h · z1h,j · z2h,j
γ1

h · z1h,j + γ2
h · z2h,j + γ12

h · z1h,j · z2h,j

)
+
(
ε1,j
ε2,j

)
.

where s ∈ s = s1 ∪ s2 and residuals εj = (ε1j , ε2j)T

follow a bivariate distribution with mean zero and an unknown
variance-covariance matrix.
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The variance estimation of quartely estimates

The z1h,j and z2h,j are (dummy) design variables which specify the
stratification:

z1h,j =
{

1, PSUj ∈ s1h,

0, PSUj /∈ s1h.

z2h,j =
{

1, PSUj ∈ s2h,

0, PSUj /∈ s2h.

The quantities β1
h , β2

h , γ1
h , γ2

h , β12
h and γ12

h are regression
parameters that need to be included into the model.
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The variance estimation of quartely estimates

The estimated regression residuals ε1j and ε2j gives an estimate of
the correlation ρ(τ̂2, τ̂1) between τ1 and τ2, which can be
respectively defined by:

ρ(τ̂2, τ̂1) =
∑

j∈s1∪s2 ε̂1j · ε̂2j√∑
j∈s1∪s2 (ε̂1j)2 ·

√∑
j∈s1∪s2 (ε̂2j)2
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Variance estimation for annual point estimates
In order to calculate annual point estimates, let

R̂(l)
t = Ẑ (l)

t

Ŷ (l)
t

=
∑

i∈st,l
y (l)

t,i · w
(l)
t,i∑

i∈st,l
z(l)

t,i · w
(l)
t,i
,

be the estimated ratio at the quarter l ∈ 1, 2, 3, 4 of year t.
Assuming that the size of the active population remains (almost)
unchanged from one quarter to another within the same year, we
obtain:

θ̂t = R̂(1)
t Ẑ (1)

t + R̂(2)
t Ẑ (2)

t + R̂(3)
t Ẑ (3)

t + R̂(4)
t Ẑ (4)

t

Ẑ (1)
t + Ẑ (2)

t + Ẑ (3)
t + Ẑ (4)

t
,

θ̂t ∼=
R̂(1)

t + R̂(2)
t + R̂(3)

t + R̂(4)
t

4
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Variance estimation for annual point estimates

The variance of the annual point estimates θ̂t in year t can be
written as:

Var(θ̂t) = 1− f
16 XT

t AtXt

where f is the sampling rate and the matrices A and X contain the
quarterly variances and correlations, respectively:

Xt =



√
Var(R̂(1)

t )√
Var(R̂(2)

t )√
Var(R̂(3)

t )√
Var(R̂(4)

t )


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Variance estimation for annual point estimates

At =


1 ρ̂(R̂1

t , R̂2
t ) ρ̂(R̂1

t , R̂3
t ) ρ̂(R̂1

t , R̂4
t )

ρ̂(R̂2
t , R̂1

t ) 1 ρ̂(R̂2
t , R̂3

t ) ρ̂(R̂2
t , R̂4

t )
ρ̂(R̂3

t , R̂1
t ) ρ̂(R̂3

t , R̂2
t ) 1 ρ̂(R̂3

t , R̂4
t )

ρ̂(R̂4
t , R̂1

t ) ρ̂(R̂4
t , R̂2

t ) ρ̂(R̂4
t , R̂3

t ) 1


All the covariance terms in the matrix A can be estimated using
the approach proposed by Berger and Priam (2016).
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Variance estimation for annual net change estimates

In order to calculate annual net changes, let

R̂ l
t = Ẑ l

t

Ŷ l
t

=
∑

i∈st,l
y l

t,i · w l
t,i∑

i∈st,l
z l

t,i · w l
t,i
,

be the estimated ratio at the quarter l ∈ 1, 2, 3, 4 of year t ∈ 1, 2.
Assuming that the size of the active population remains (almost)
unchanged from one quarter to another within the same year, we
obtain:

θ̂1 = R̂1
1 Ẑ (1)

1 + R̂2
1 Ẑ 2

1 + R̂3
1 Ẑ 3

1 + R̂4
1 Ẑ 4

1

Ẑ (1)
1 + Ẑ 2

1 + Ẑ 3
1 + Ẑ 4

1
,
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Variance estimation for annual net change estimates

θ̂t = R̂1
2 Ẑ 1

2 + R̂2
2 Ẑ 2

2 + R̂3
2 Ẑ 3

2 + R̂4
2 Ẑ 4

2
Ẑ 1

2 + Ẑ 2
2 + Ẑ 3

2 + Ẑ 4
2

,

The estimate of the annual net changes is written as:

∆̂ = θ̂2 − θ̂1

The variance of the annual net changes estimates ∆̂ can be
written as:

Var(∆̂) = 1− f
16 XT AX
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Variance estimation for annual net change estimates

X =



√
Var(R̂1

t )√
Var(R̂2

t )√
Var(R̂3

t )√
Var(R̂4

t )√
Var(R̂5

t )√
Var(R̂6

t )√
Var(R̂7

t )√
Var(R̂8

t )


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Variance estimation for annual net change estimates

A =



1 ρ̂(̂R1
1 , R̂2

1 ) ρ̂(̂R1
1 , R̂3

1 ) ρ̂(̂R1
1 , R̂4

1 ) −ρ̂(̂R1
1 , R̂1

2 ) −ρ̂(̂R1
1 , R̂2

2 ) −ρ̂(̂R1
1 , R̂3

2 ) −ρ̂(̂R1
1 , R̂4

2 )

ρ̂(̂R2
1 , R̂1

1 ) 1 ρ̂(̂R2
1 , R̂3

1 ) ρ̂(̂R2
1 , R̂4

1 ) −ρ̂(̂R2
1 , R̂1

2 ) −ρ̂(̂R2
1 , R̂2

2 ) −ρ̂(̂R2
1 , R̂3

2 ) −ρ̂(̂R2
1 , R̂4

2 )

ρ̂(̂R3
1 , R̂1

1 ) ρ̂(̂R3
1 , R̂2

1 ) 1 ρ̂(̂R3
1 , R̂4

1 ) −ρ̂(̂R3
1 , R̂1

2 ) −ρ̂(̂R3
1 , R̂2

2 ) −ρ̂(̂R3
1 , R̂3

2 ) −ρ̂(̂R3
1 , R̂4

2 )

ρ̂(̂R4
1 , R̂1

1 ) ρ̂(̂R4
1 , R̂2

1 ) ρ̂(̂R4
1 , R̂3

1 ) 1 −ρ̂(̂R4
1 , R̂1

2 ) −ρ̂(̂R4
1 , R̂2

2 ) −ρ̂(̂R4
1 , R̂3

2 ) −ρ̂(̂R4
1 , R̂4

2 )

ρ̂(̂R4
1 , R̂1

1 ) ρ̂(̂R4
1 , R̂2

1 ) ρ̂(̂R4
1 , R̂3

1 ) 1 −ρ̂(̂R4
1 , R̂1

2 ) −ρ̂(̂R4
1 , R̂2

2 ) −ρ̂(̂R4
1 , R̂3

2 ) −ρ̂(̂R4
1 , R̂4

2 )

−ρ̂(̂R1
2 , R̂1

1 ) −ρ̂(̂R1
2 , R̂2

1 ) −ρ̂(̂R1
2 , R̂3

1 ) −ρ̂(̂R1
2 , R̂4

1 ) 1 ρ̂(̂R1
2 , R̂2

2 ) ρ̂(̂R1
2 , R̂3

2 ) ρ̂(̂R1
2 , R̂4

2 )

−ρ̂(̂R2
2 , R̂1

1 ) −ρ̂(̂R2
2 , R̂2

1 ) −ρ̂(̂R2
2 , R̂3

1 ) −ρ̂(̂R2
2 , R̂4

1 ) ρ̂(̂R2
2 , R̂2

1 ) 1 ρ̂(̂R2
2 , R̂3

2 ) ρ̂(̂R2
2 , R̂4

2 )

−ρ̂(̂R3
2 , R̂1

1 ) −ρ̂(̂R3
2 , R̂2

1 ) −ρ̂(̂R3
2 , R̂3

1 ) −ρ̂(̂R3
2 , R̂4

1 ) ρ̂(̂R3
2 , R̂2

1 ) ρ̂(̂R3
2 , R̂2

2 ) 1 ρ̂(̂R3
2 , R̂4

2 )

−ρ̂(̂R4
2 , R̂1

1 ) −ρ̂(̂R4
2 , R̂2

1 ) −ρ̂(̂R4
2 , R̂3

1 ) −ρ̂(̂R4
2 , R̂4

1 ) ρ̂(̂R4
2 , R̂2

1 ) ρ̂(̂R4
2 , R̂2

2 ) ρ̂(̂R4
2 , R̂3

2 ) 1


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Function vardannual description
Based on the description of the methodology given in the previous
sections, a function vardannual in software R package vardpoor
(Breidaks, Liberts and Ivanova, 2019) was created for variance
estimation for measuring annual net change or annual for single
and multistage stage cluster sampling designs. This function
vardannual one of output is table annual results, which is a
data.table containing:

year - survey years of years for measures of annual;
year 1 - survey years of years1 for measures of annual net
change;
year 2 - survey years of years2 for measures of annual net
change;
country - survey countries;
Dom - optional variable of the population domains;
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Function vardannual description

namesY - variable with names of variables of interest;
namesZ - optional variable with names of denominator for
ratio estimation;
estim 1 - the estimated value for period1 for measures of
annual net change;
estim 2 - the estimated value for period2 for measures of
annual net change;
estim - the estimated value;
var - the estimated variance;
se - the estimated standard error;
rse - the estimated relative standard error (coefficient of
variation),
cv - the estimated relative standard error (coefficient of
variation) in percentage,
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Function vardannual description

absolute margin of error - the estimated absolute margin of
error;
relative margin of error - the estimated relative margin of
error in percentage;
CI lower - the estimated confidence interval lower bound;
CI upper - the estimated confidence interval upper bound;
significant - is the the difference significant.
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vardannual function testing results

Function was tested on Latvia data of LFS 2017 and 2018. The
function vardannual() is used for the variance estimation of annual
net changes with and without calibration.
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vardannual function testing results

Calib Indicator Difference in p.p. Variance Lower CI Upper CI
Without Employment rate 20-64, total, in % 2.07 0.25 1.09 3.06
Without Employment rate 20-64, men, in % 2.29 0.42 0.77 3.52
Without Employment rate 20-64, women, in % 2.09 0.47 0.74 3.43

With Employment rate 20-64, total, in % 2.07 0.13 1.36 2.79
With Employment rate 20-64, men, in % 2.05 0.24 1.89 3.01
With Employment rate 20-64, women, in % 2.09 0.24 1.12 3.05

The annual net changes of 3 LFS indicators were calculated with
the confidence interval, and if the confidence interval for the
difference did not include 0, then we were able to conclude that
the difference was statistically significant.
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Conclusion

The function vardannual in software R package vardpoor was
implemented in practice
This function was tested on real data. The function
vardannual is important to assess quality of LFS estimates
and statistical significance of the estimates.
Variance estimates for annual point estimates and net changes
was estimated for 3 LFS indicators using the function
vardannual .
When looking at the results with calibration, it can be
identified that the confidence interval is narrower than the
results without calibration.
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Thank you!
https : //cran.r −project.org/web/packages/vardpoor/index .html
https : //csblatvia.github.io/vardpoor
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