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Sampling Variance Estimation package

Description

The package contains functions to calculate some point estimators and estimate their variance under
unequal probability sampling without replacement. Uni-stage and two-stage sampling designs are
considered. The package further contains some approximations for the joint-inclusion probabilities
(population and sample based formulae).

Emphasis has been put on the speed of routines as the package mostly uses C compiled code. Below
there is a list of available functions. These are grouped in purpose lists, aiming to clarify their usage.

The user should pick a suitable combination of a population parameter of interest, a choice of point
estimator, and a choice of variance estimator.

For these population parameters:

total:

mean:

The available point estimators are:
Est.Total .NHT

Est.Total.Hajek

Est.Mean.NHT

Est.Mean.Hajek

empirical cumulative distribution function: Est.EmpDistFunc.NHT

Est.EmpDistFunc.Hajek

ratio: Est.Ratio

correlation coefficient: Est.Corr.NHT
Est.Corr.Hajek

regression coefficients: Est.RegCol.Hajek

For these point estimators:

Est.Total .NHT:

Est.Total.Hajek:

Est.RegCo.Hajek

The available variance estimators for uni-stage samples are:
VE.HT.Total.NHT

VE.SYG.Total.NHT

VE.Hajek.Total.NHT

VE.Jk.Tukey.Total.Hajek



Est.Mean.NHT:

Est.Mean.Hajek

Est.Ratio:

Est.Corr.NHT:
Est.Corr.Hajek:

Est.RegCol.Hajek

Est.RegCo.Hajek

For these point estimators:
Est.Total.Hajek:
Est.Mean.Hajek:
Est.Ratio:
Est.Corr.Hajek:
Est.RegCoIl.Hajek:
Est.RegCo.Hajek:

sampling VarEst-package

VE.Jk.CBS.HT.Total.Hajek
VE.Jk.CBS.SYG.Total.Hajek
VE.Jk.B.Total.Hajek
VE.EB.HT.Total.Hajek
VE.EB.SYG.Total.Hajek
VE.HT.Mean.NHT
VE.SYG.Mean.NHT
VE.Hajek.Mean.NHT
VE.Jk.Tukey.Mean.Hajek
VE.Jk.CBS.HT.Mean.Hajek
VE.Jk.CBS.SYG.Mean.Hajek
VE.Jk.B.Mean.Hajek
VE.EB.HT.Mean.Hajek
VE.EB.SYG.Mean.Hajek
VE.Lin.HT.Ratio
VE.Lin.SYG.Ratio
VE.Jk.Tukey.Ratio
VE.Jk.CBS.HT.Ratio
VE.Jk.CBS.SYG.Ratio
VE.Jk.B.Ratio
VE.EB.HT.Ratio
VE.EB.SYG.Ratio
VE.Jk.Tukey.Corr.NHT
VE.Jk.Tukey.Corr.Hajek
VE.Jk.CBS.HT.Corr.Hajek
VE.Jk.CBS.SYG.Corr.Hajek
VE.Jk.B.Corr.Hajek
VE.Jk.Tukey.RegCoI.Hajek
VE.Jk.CBS.HT.RegCoI.Hajek
VE.Jk.CBS.SYG.RegCoI.Hajek
VE.Jk.B.RegCoI.Hajek
VE.Jk.Tukey.RegCo.Hajek
VE.Jk.CBS.HT.RegCo.Hajek
VE.Jk.CBS.SYG.RegCo.Hajek
VE.Jk.B.RegCo.Hajek

The available variance estimators for self-weighted two-stage samples are:
VE.Jk.EB.SW2.Total.Hajek

VE.Jk.EB.SW2.Mean.Hajek

VE.Jk.EB.SW2.Ratio

VE.Jk.EB.SW2.Corr.Hajek

VE.Jk.EB.SW2.RegCoI.Hajek

VE.Jk.EB.SW2.RegCo.Hajek

For the inclusion probabilities: The available functions are:
1st order inclusion probabilities: Pk.PropNorm.U
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2nd order (joint) inclusion probabilities: Pkl.Hajek.s
Pkl.Hajek.U

datasets
oaxaca

Details

To return to this description type:
help(samplingVarEst)

or type:

?samplingVarEst

To cite, use:
citation("samplingVarEst")

Est.Corr.Hajek Estimator of a correlation coefficient using the Hajek point estimator

Description

Estimates a population correlation coefficient of two variables using the Hajek (1971) point estima-
tor.

Usage

Est.Corr.Hajek(VecY.s, VecX.s, VecPk.s)

Arguments

VecY.s vector of the variable of interest Y; its length is equal to n, the sample size. Its
length has to be the same as that of VecPk.s and VecX.s. There must not be
missing values.

VecX.s vector of the variable of interest X; its length is equal to n, the sample size. Its
length has to be the same as that of VecPk.s and VecY.s. There must not be
missing values.

VecPk.s vector of the first-order inclusion probabilities; its length is equal to n, the sam-

ple size. Values in VecPk.s must be greater than zero and less than or equal to
one. There must not be missing values.
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Details

For the population correlation coefficient of two variables y and z:

_ > onev Wk —Y)(zk — 7)
V2okev Wk — D22 ker (@h — T)?

the point estimator of C', assuming that IV is unknown (see Sarndal et al., 1992, Sec. 5.9) (imple-
mented by the current function), is:

C

ZkES wk(yk - ?Hajek)(xk - J%Hajek)

CA(Hajek = — —
\/Zkes wi(ye — gHajek>2\/Ekes We(Tk — THajek)?

where ﬁHajek is the Hajek (1971) point estimator of the population mean §j = N -1 > weu Yk

~ o ZkEs WEYk
YHajek =
ZkES Wk

and wy, = 1/, with 7, denoting the inclusion probability of the k-th element in the sample s.

Value

The function returns a value for the correlation coefficient point estimator.

Author(s)

Emilio Lopez Escobar.

References

Hajek, J. (1971) Comment on An essay on the logical foundations of survey sampling by Basu, D. in
Foundations of Statistical Inference (Godambe, V.P. and Sprott, D.A. eds.), p. 236. Holt, Rinehart
and Winston.

Sarndal, C.-E. and Swensson, B. and Wretman, J. (1992) Model Assisted Survey Sampling. Springer-
Verlag, Inc.

See Also

Est.Corr.NHT
VE.Jk.Tukey.Corr.Hajek
VE.Jk.CBS.HT.Corr.Hajek
VE.Jk.CBS.SYG.Corr.Hajek
VE.Jk.B.Corr.Hajek
VE.Jk.EB.SW2.Corr.Hajek

Examples

data(oaxaca) #lLoads the Oaxaca municipalities dataset
pik.U <- Pk.PropNorm.U(373, oaxaca$HOMES@Q) #Reconstructs the 1st order incl. probs.
S <- oaxaca$sHOMES00Q #Defines the sample to be used
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y1 <- oaxaca$POP10 #Defines the variable of interest y1
y2 <- oaxaca$POPMAL10 #Defines the variable of interest y2
X <- oaxaca$HOMES10 #Defines the variable of interest x

#Computes the correlation coefficient estimator for y1 and x
Est.Corr.Hajek(y1[s==1], x[s==1], pik.U[s==11])
#Computes the correlation coefficient estimator for y2 and x
Est.Corr.Hajek(y2[s==1], x[s==1], pik.U[s==1])

Est.Corr.NHT Estimator of a correlation coefficient using the Narain-Horvitz-
Thompson point estimator

Description
Estimates a population correlation coefficient of two variables using the Narain (1951); Horvitz-
Thompson (1952) point estimator.

Usage

Est.Corr.NHT(VecY.s, VecX.s, VecPk.s, N)

Arguments

VecY.s vector of the variable of interest Y; its length is equal to n, the sample size. Its
length has to be the same as that of VecPk.s and VecX.s. There must not be
missing values.

VecX.s vector of the variable of interest X; its length is equal to n, the sample size. Its
length has to be the same as that of VecPk.s and VecY.s. There must not be
missing values.

VecPk.s vector of the first-order inclusion probabilities; its length is equal to n, the sam-
ple size. Values in VecPk.s must be greater than zero and less than or equal to
one. There must not be missing values.

N the population size. It must be an integer or a double-precision scalar with zero-
valued fractional part.

Details

For the population correlation coefficient of two variables y and z:

- > vev Wk — ) (T — T)
V2 kev Wk — 9’V Epev (@e — 7)°

the point estimator of C' (implemented by the current function) is given by:

C

> wes We(ye — Ynar) (@K — INaT)

C = - ;
\/Zk.es wi(yYx — yNHT)Q\/ZkeS wi (2K — TNaT)?
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where g is the Narain (1951); Horvitz-Thompson (1952) estimator for the population mean
g=N"" > kev Yk

- 1
YNHT = N Zwkyk
kes

and wy, = 1/, with 7, denoting the inclusion probability of the k-th element in the sample s.

Value

The function returns a value for the correlation coefficient point estimator.

Author(s)

Emilio Lopez Escobar.

References

Horvitz, D. G. and Thompson, D. J. (1952) A generalization of sampling without replacement from
a finite universe. Journal of the American Statistical Association, 47, 663—685.

Narain, R. D. (1951) On sampling without replacement with varying probabilities. Journal of the
Indian Society of Agricultural Statistics, 3, 169-175.
See Also

Est.Corr.Hajek
VE.Jk.Tukey.Corr.NHT

Examples
data(oaxaca) #lLoads the Oaxaca municipalities dataset
pik.U <- Pk.PropNorm.U(373, oaxaca$HOMES@Q) #Reconstructs the 1st order incl. probs.
s <- oaxaca$sHOMESQQ #Defines the sample to be used
N <- dim(oaxaca)[1] #Defines the population size
y1 <- oaxaca$POP10 #Defines the variable of interest y1
y2 <- oaxaca$POPMAL10Q #Defines the variable of interest y2
X <- oaxaca$HOMES10 #Defines the variable of interest x

#Computes the correlation coefficient estimator for y1 and x
Est.Corr .NHT(y1[s==1], x[s==1], pik.U[s==1], N)
#Computes the correlation coefficient estimator for y2 and x
Est.Corr.NHT(y2[s==1], x[s==1], pik.U[s==1], N)

Est.EmpDistFunc.Hajek The Hajek estimator for the empirical cumulative distribution function

Description

Computes the Hajek (1971) estimator for the empirical cumulative distribution function (ECDF).



Est.EmpDistFunc.Hajek 9

Usage

Est.EmpDistFunc.Hajek(VecY.s, VecPk.s, t)

Arguments
VecY.s vector of the variable of interest; its length is equal to n, the sample size. Its
length has to be the same as that of VecPk.s. There must not be missing values.
VecPk.s vector of the first-order inclusion probabilities; its length is equal to n, the sam-
ple size. Values in VecPk.s must be greater than zero and less than or equal to
one. There must not be missing values.
t value to be evaluated for the empirical cumulative distribution function. It must
be an integer or a double-precision scalar.
Details

For the population empirical cumulative distribution function (ECDF) of the variable y at the value
t:

#helU:y <t) 1
a = = — I <
n(t) i N 2 [k <t)
keU

the approximately unbiased Hajek (1971) estimator of F'n(t) (implemented by the current function)
is given by:

Zk’és wkI(yk < t)

ZkES Wk
where I(yr < t) denotes the indicator function that takes the value 1 if y; < ¢ and the value 0

otherwise, and where wy, = 1/m, and 7, denotes the inclusion probability of the k-th element in
the sample s.

FnHajek(t) =

Value

The function returns a value for the empirical cumulative distribution function evaluated at ¢.

Author(s)

Emilio Lopez Escobar [aut, cre], Juan Francisco Munoz Rosas [ctb].

References

Hajek, J. (1971) Comment on An essay on the logical foundations of survey sampling by Basu, D. in
Foundations of Statistical Inference (Godambe, V.P. and Sprott, D.A. eds.), p. 236. Holt, Rinehart
and Winston.

See Also

Est.EmpDistFunc.NHT
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Examples
data(oaxaca) #lLoads Oaxaca municipalities dataset
pik.U <- Pk.PropNorm.U(373, oaxaca$HOMES0Q) #Reconstructs the inclusion probs.
s <- oaxaca$sHOMES00Q #Defines the sample to be used
y1 <- oaxaca$POP10 #Defines the variable of interest y1

Est.EmpDistFunc.Hajek(y1[s==1], pik.U[s==1], 950) #Hajek est. of ECDF for y1 at t=950

Est.EmpDistFunc.NHT The Narain-Horvitz-Thompson estimator for the empirical cumulative
distribution function

Description
Computes the Narain (1951); Horvitz-Thompson (1952) estimator for the empirical cumulative
distribution function (ECDF).

Usage

Est.EmpDistFunc.NHT(VecY.s, VecPk.s, N, t)

Arguments
VecY.s vector of the variable of interest; its length is equal to n, the sample size. Its
length has to be the same as that of VecPk.s. There must not be missing values.
VecPk.s vector of the first-order inclusion probabilities; its length is equal to n, the sam-
ple size. Values in VecPk.s must be greater than zero and less than or equal to
one. There must not be missing values.
N the population size. It must be an integer or a double-precision scalar with zero-
valued fractional part.
t value to be evaluated for the empirical cumulative distribution function. It must
be an integer or a double-precision scalar.
Details

For the population empirical cumulative distribution function (ECDF) of the variable y at the value
t:

Fn(t) = #(kGU]\;ykSt) :%ZI(ykSt)

the unbiased Narain (1951); Horvitz-Thompson (1952) estimator of F'n(t) (implemented by the
current function) is given by:

- 1 I(yr < 1)
Fn t) = 7§ AL LA A
NHT() N o T

where I(yr < t) denotes the indicator function that takes the value 1 if y; < ¢ and the value 0
otherwise, and where 7, denotes the inclusion probability of the k-th element in the sample s.
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Value

The function returns a value for the empirical cumulative distribution function evaluated at ¢.

Author(s)

Emilio Lopez Escobar [aut, cre], Juan Francisco Munoz Rosas [ctb].

References

Horvitz, D. G. and Thompson, D. J. (1952) A generalization of sampling without replacement from
a finite universe. Journal of the American Statistical Association, 47, 663—685.

Narain, R. D. (1951) On sampling without replacement with varying probabilities. Journal of the
Indian Society of Agricultural Statistics, 3, 169-175.

See Also

Est.EmpDistFunc.Hajek

Examples
data(oaxaca) #Loads Oaxaca municipalities dataset
pik.U <- Pk.PropNorm.U(373, oaxaca$HOMESQQ) #Reconstructs the inclusion probs.
s <- oaxaca$sHOMESQQ #Defines the sample to be used
N <- dim(oaxaca)[1] #Defines the population size
y1 <- oaxaca$POP10 #Defines the variable of interest y1

Est.EmpDistFunc.NHT(y1[s==1], pik.U[s==1], N, 950) #NHT est. of ECDF for yl1 at t=950

Est.Mean.Hajek The Hajek estimator for a mean

Description

Computes the Hajek (1971) estimator for a population mean.

Usage

Est.Mean.Hajek(VecY.s, VecPk.s)

Arguments
VecY.s vector of the variable of interest; its length is equal to n, the sample size. Its
length has to be the same as that of VecPk.s. There must not be missing values.
VecPk.s vector of the first-order inclusion probabilities; its length is equal to n, the sam-

ple size. Values in VecPk.s must be greater than zero and less than or equal to
one. There must not be missing values.
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Details

For the population mean of the variable y:

<

Est.Mean.Hajek

:%Zyk

keU

the approximately unbiased Hajek (1971) estimator of 4 (implemented by the current function) is

given by:

gHajek =

D kes WkYk

Zkes Wk

where wy, = 1/, and 7, denotes the inclusion probability of the k-th element in the sample s.

Value

The function returns a value for the mean point estimator.

Author(s)

Emilio Lopez Escobar.

References

Hajek, J. (1971) Comment on An essay on the logical foundations of survey sampling by Basu, D. in
Foundations of Statistical Inference (Godambe, V.P. and Sprott, D.A. eds.), p. 236. Holt, Rinehart

and Winston.

See Also

Est.Mean.NHT
VE.Jk.Tukey.Mean.Hajek
VE.Jk.CBS.HT.Mean.Hajek
VE.Jk.CBS.SYG.Mean.Hajek
VE.Jk.B.Mean.Hajek
VE.Jk.EB.SW2.Mean.Hajek

Examples

data(oaxaca)

pik.U <- Pk.PropNorm.U(373, oaxaca$HOMES@Q)
s <- oaxaca$sHOMES00Q

y1 <- oaxaca$POP10

y2 <- oaxaca$HOMES10
Est.Mean.Hajek(y1[s==1], pik.U[s==11])
Est.Mean.Hajek(y2[s==1], pik.U[s==1])

#lLoads the Oaxaca municipalities dataset
#Reconstructs the 1st order incl. probs.
#Defines the sample to be used

#Defines the variable of interest y1
#Defines the variable of interest y2
#Computes the Hajek est. for y1
#Computes the Hajek est. for y2
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Est.Mean.NHT The Narain-Horvitz-Thompson estimator for a mean

Description

Computes the Narain (1951); Horvitz-Thompson (1952) estimator for a population mean.

Usage
Est.Mean.NHT(VecY.s, VecPk.s, N)

Arguments
VecY.s vector of the variable of interest; its length is equal to n, the sample size. Its
length has to be the same as that of VecPk.s. There must not be missing values.
VecPk.s vector of the first-order inclusion probabilities; its length is equal to n, the sam-
ple size. Values in VecPk.s must be greater than zero and less than or equal to
one. There must not be missing values.
N the population size. It must be an integer or a double-precision scalar with zero-
valued fractional part.
Details

For the population mean of the variable y:

:%Zyk

keU

<

the unbiased Narain (1951); Horvitz-Thompson (1952) estimator of § (implemented by the current

function) is given by:
- 1 Yk
YNHT = 5 Z P
keEs
where 7y, denotes the inclusion probability of the k-th element in the sample s.

Value

The function returns a value for the mean point estimator.

Author(s)

Emilio Lopez Escobar.

References
Horvitz, D. G. and Thompson, D. J. (1952) A generalization of sampling without replacement from
a finite universe. Journal of the American Statistical Association, 47, 663—685.

Narain, R. D. (1951) On sampling without replacement with varying probabilities. Journal of the
Indian Society of Agricultural Statistics, 3, 169—-175.
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See Also

Est.Mean.Hajek
VE.HT.Mean.NHT
VE.SYG.Mean.NHT
VE.Hajek.Mean.NHT

Est.Ratio

Examples
data(oaxaca) #Loads the Oaxaca municipalities dataset
pik.U <- Pk.PropNorm.U(373, oaxaca$HOMES@Q) #Reconstructs the 1st order incl. probs.
s <- oaxaca$sHOMES00 #Defines the sample to be used
N <- dim(oaxaca)[1] #Defines the population size
y1 <- oaxaca$POP10 #Defines the variable of interest y1
y2 <- oaxaca$HOMES10 #Defines the variable of interest y2
Est.Mean.NHT(y1[s==1], pik.U[s==1], N) #The NHT estimator for y1
Est.Mean.NHT(y2[s==1], pik.U[s==1], N) #The NHT estimator for y2

Est.Ratio Estimator of a ratio
Description

Estimates a population ratio of two totals/means.

Usage

Est.Ratio(VecY.s, VecX.s, VecPk.s)

Arguments

VecY.s

VecX.s

VecPk.s

vector of the numerator variable of interest; its length is equal to n, the sample
size. Its length has to be the same as that of VecPk.s and VecX.s. There must

not be missing values.

vector of the denominator variable of interest; its length is equal to n, the sample
size. Its length has to be the same as that of VecPk. s and VecY . s. There must not
be missing values. All values of VecX. s should be greater than zero. A warning
is displayed if this does not hold, and computations continue if mathematical
expressions allow this kind of values for the denominator variable.

vector of the first-order inclusion probabilities; its length is equal to n, the sam-
ple size. Values in VecPk.s must be greater than zero and less than or equal to

one. There must not be missing values.
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Details

For the population ratio of two totals/means of the variables y and x:

_ ZkeU yx/N _ ZkeU Yk
Yrev T/N - Yper T

the ratio estimator of R (implemented by the current function) is given by:

R

D kes WkYk

R =
ZkEs WgLk

where wy, = 1/, and 7, denotes the inclusion probability of the k-th element in the sample s.

Value

The function returns a value for the ratio point estimator.

Author(s)

Emilio Lopez Escobar.

References

Hajek, J. (1971) Comment on An essay on the logical foundations of survey sampling by Basu, D. in
Foundations of Statistical Inference (Godambe, V.P. and Sprott, D.A. eds.), p. 236. Holt, Rinehart
and Winston.

Horvitz, D. G. and Thompson, D. J. (1952) A generalization of sampling without replacement from
a finite universe. Journal of the American Statistical Association, 47, 663—685.

Narain, R. D. (1951) On sampling without replacement with varying probabilities. Journal of the
Indian Society of Agricultural Statistics, 3, 169-175.

See Also

VE.Jk.Tukey.Ratio
VE.Jk.CBS.HT.Ratio
VE.Jk.CBS.SYG.Ratio
VE.Jk.B.Ratio
VE.Jk.EB.SW2.Ratio

Examples
data(oaxaca) #Loads the Oaxaca municipalities dataset
pik.U <- Pk.PropNorm.U(373, oaxaca$HOMESQ@) #Reconstructs the 1st order incl. probs.
s <- oaxaca$sHOMESQQ #Defines the sample to be used
y1 <- oaxaca$POP10 #Defines the numerator variable y1
y2 <- oaxaca$POPMAL10Q #Defines the numerator variable y2
X <- oaxaca$HOMES10 #Defines the denominator variable x

Est.Ratio(y1[s==1]1, x[s==1], pik.U[s==1]) #Ratio estimator for y1 and x
Est.Ratio(y2[s==1], x[s==1], pik.U[s==1]) #Ratio estimator for y2 and x
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Est.RegCo.Hajek Estimator of the regression coefficient using the Hajek point estimator

Description

Estimates the population regression coefficient using the Hajek (1971) point estimator.

Usage
Est.RegCo.Hajek(VecY.s, VecX.s, VecPk.s)

Arguments

VecY.s vector of the variable of interest Y; its length is equal to n, the sample size. Its
length has to be the same as that of VecPk.s and VecX.s. There must not be
missing values.

VecX.s vector of the variable of interest X; its length is equal to n, the sample size. Its
length has to be the same as that of VecPk.s and VecY.s. There must not be
missing values.

VecPk.s vector of the first-order inclusion probabilities; its length is equal to n, the sam-
ple size. Values in VecPk.s must be greater than zero and less than or equal to
one. There must not be missing values.

Details

From Linear Regression Analysis, for an imposed population model
y=oa+pz

the population regression coefficient /3, assuming that the population size N is unknown (see Sarn-
dal et al., 1992, Sec. 5.10), can be estimated by:

> s We(Yk — UHajek) (@ — THajek)
ZkeS wk(xk - %Hajek)z

5Hajek’ =

where ﬂHajek and T Hajek are the Hajek (1971) point estimators of the population means § =
Ny coywandz = N1 30, 0 ay, respectively,

IS o ZkeS WrYk

YHajek = Z Wy
kes

2o ) _ ZkES WET

LHajek = Z W
kes

and wy, = 1/, with 7, denoting the inclusion probability of the k-th element in the sample s.

Value

The function returns a value for the regression coefficient point estimator.
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Author(s)

Emilio Lopez Escobar.

References

Hajek, J. (1971) Comment on An essay on the logical foundations of survey sampling by Basu, D. in
Foundations of Statistical Inference (Godambe, V.P. and Sprott, D.A. eds.), p. 236. Holt, Rinehart
and Winston.

Sarndal, C.-E. and Swensson, B. and Wretman, J. (1992) Model Assisted Survey Sampling. Springer-
Verlag, Inc.

See Also

Est.RegCol.Hajek
VE.Jk.Tukey.RegCo.Hajek
VE.Jk.CBS.HT.RegCo.Hajek
VE.Jk.CBS.SYG.RegCo.Hajek
VE.Jk.B.RegCo.Hajek
VE.Jk.EB.SW2.RegCo.Hajek

Examples
data(oaxaca) #Loads the Oaxaca municipalities dataset
pik.U <- Pk.PropNorm.U(373, oaxaca$HOMES@Q) #Reconstructs the 1st order incl. probs.
s <- oaxaca$sHOMESQQ #Defines the sample to be used
y1 <- oaxaca$POP10 #Defines the variable of interest y1
y2 <- oaxaca$POPMAL10Q #Defines the variable of interest y2
X <- oaxaca$HOMES10 #Defines the variable of interest x

#Computes the regression coefficient estimator for y1 and x
Est.RegCo.Hajek(y1[s==1], x[s==1], pik.U[s==1])
#Computes the regression coefficient estimator for y2 and x
Est.RegCo.Hajek(y2[s==1], x[s==1]1, pik.U[s==1])

Est.RegCol.Hajek Estimator of the intercept regression coefficient using the Hajek point
estimator

Description

Estimates the population intercept regression coefficient using the Hajek (1971) point estimator.

Usage

Est.RegCol.Hajek(VecY.s, VecX.s, VecPk.s)
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Arguments

VecY.s vector of the variable of interest Y; its length is equal to n, the sample size. Its
length has to be the same as that of VecPk.s and VecX.s. There must not be
missing values.

VecX.s vector of the variable of interest X; its length is equal to n, the sample size. Its
length has to be the same as that of VecPk.s and VecY.s. There must not be
missing values.

VecPk.s vector of the first-order inclusion probabilities; its length is equal to n, the sam-
ple size. Values in VecPk.s must be greater than zero and less than or equal to
one. There must not be missing values.

Details

From Linear Regression Analysis, for an imposed population model
y=a+pz

the population intercept regression coefficient o, assuming that the population size IV is unknown
(see Sarndal et al., 1992, Sec. 5.10), can be estimated by:

E :kes wk(yk - ﬁHajek)(J?k - -%Hajek) a
= 5 THajek
> hes Wk(Tk — THajek)

dHajek = gHajek -

where ﬁHajek. and T Hajek are the Hajek (1971) point estimators of the population means § =
Ny coyeandz = N1 3", 1 ay, respectively,

A Zkes WEYk

YHajek = Z Wi
kes

2 ) _ ZICES U}kxk-

LTHajek = Z wy
kes

and wy, = 1/, with 7, denoting the inclusion probability of the k-th element in the sample s.

Value

The function returns a value for the intercept regression coefficient point estimator.

Author(s)

Emilio Lopez Escobar.

References

Hajek, J. (1971) Comment on An essay on the logical foundations of survey sampling by Basu, D. in
Foundations of Statistical Inference (Godambe, V.P. and Sprott, D.A. eds.), p. 236. Holt, Rinehart
and Winston.

Sarndal, C.-E. and Swensson, B. and Wretman, J. (1992) Model Assisted Survey Sampling. Springer-
Verlag, Inc.



Est.Total. Hajek 19

See Also

Est.RegCo.Hajek
VE.Jk.Tukey.RegCoI.Hajek
VE.Jk.CBS.HT.RegCoI.Hajek
VE.Jk.CBS.SYG.RegCoIl.Hajek
VE.Jk.B.RegCoI.Hajek
VE.Jk.EB.SW2.RegCoI.Hajek

Examples
data(oaxaca) #Loads the Oaxaca municipalities dataset
pik.U <- Pk.PropNorm.U(373, oaxaca$HOMES@Q) #Reconstructs the 1st order incl. probs.
s <- oaxaca$sHOMES00 #Defines the sample to be used
y1 <- oaxaca$POP10 #Defines the variable of interest y1
y2 <- oaxaca$POPMAL10Q #Defines the variable of interest y2
X <- oaxaca$HOMES10 #Defines the variable of interest x

#Computes the intercept regression coefficient estimator for y1 and x
Est.RegCol.Hajek(y1[s==1], x[s==1], pik.U[s==1])
#Computes the intercept regression coefficient estimator for y2 and x
Est.RegCol.Hajek(y2[s==1], x[s==1], pik.U[s==1])

Est.Total.Hajek The Hajek estimator for a total

Description

Computes the Hajek (1971) estimator for a population total.

Usage

Est.Total.Hajek(VecY.s, VecPk.s, N)

Arguments
VecY.s vector of the variable of interest; its length is equal to n, the sample size. Its
length has to be the same as that of VecPk.s. There must not be missing values.
VecPk.s vector of the first-order inclusion probabilities; its length is equal to n, the sam-
ple size. Values in VecPk.s must be greater than zero and less than or equal to
one. There must not be missing values.
N the population size. It must be an integer or a double-precision scalar with zero-

valued fractional part.
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Details
For the population total of the variable y:
t=2 w
keU

the approximately unbiased Hajek (1971) estimator of ¢ (implemented by the current function) is
given by:

Zkes WEYk

ZkES Wk

where wy, = 1/m and 7y, denotes the inclusion probability of the k-th element in the sample s.

£Hajek =N

Value

The function returns a value for the total point estimator.

Author(s)

Emilio Lopez Escobar.

References

Hajek, J. (1971) Comment on An essay on the logical foundations of survey sampling by Basu, D. in
Foundations of Statistical Inference (Godambe, V.P. and Sprott, D.A. eds.), p. 236. Holt, Rinehart
and Winston.

See Also

Est.Total.NHT
VE.Jk.Tukey.Total.Hajek
VE.Jk.CBS.HT.Total.Hajek
VE.Jk.CBS.SYG.Total.Hajek
VE.Jk.B.Total.Hajek
VE.Jk.EB.SW2.Total.Hajek

Examples
data(oaxaca) #lLoads the Oaxaca municipalities dataset
pik.U <- Pk.PropNorm.U(373, oaxaca$HOMES@Q) #Reconstructs the 1st order incl. probs.
s <- oaxaca$sHOMES@0Q #Defines the sample to be used
N <- dim(oaxaca)[1] #Defines the population size
y1 <- oaxaca$POP10 #Defines the variable y1
y2 <- oaxaca$HOMES10 #Defines the variable y2

Est.Total.Hajek(y1[s==1], pik.U[s==1], N)  #The Hajek estimator for y1
Est.Total.Hajek(y2[s==1], pik.U[s==1], N) #The Hajek estimator for y2
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Est.Total .NHT The Narain-Horvitz-Thompson estimator for a total

Description

Computes the Narain (1951); Horvitz-Thompson (1952) estimator for a population total.

Usage

Est.Total .NHT(VecY.s, VecPk.s)

Arguments
VecY.s vector of the variable of interest; its length is equal to n, the sample size. Its
length has to be the same as that of VecPk. s. There must not be missing values.
VecPk.s vector of the first-order inclusion probabilities; its length is equal to n, the sam-
ple size. Values in VecPk.s must be greater than zero and less than or equal to
one. There must not be missing values.
Details

For the population total of the variable y:
t= Z Yk

the unbiased Narain (1951); Horvitz-Thompson (1952) estimator of ¢ (implemented by the current

function) is given by:
P Yk
INHT = Z —
keEs Tk

where 7, denotes the inclusion probability of the k-th element in the sample s.

Value

The function returns a value for the total point estimator.

Author(s)

Emilio Lopez Escobar.

References

Horvitz, D. G. and Thompson, D. J. (1952) A generalization of sampling without replacement from
a finite universe. Journal of the American Statistical Association, 47, 663—685.

Narain, R. D. (1951) On sampling without replacement with varying probabilities. Journal of the
Indian Society of Agricultural Statistics, 3, 169—-175.
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See Also
Est.Total.Hajek
VE.HT.Total.NHT
VE.SYG.Total.NHT
VE.Hajek.Total .NHT
Examples
data(oaxaca) #lLoads the Oaxaca municipalities dataset
pik.U <- Pk.PropNorm.U(373, oaxaca$HOMES@Q) #Reconstructs the 1st order incl. probs.
s <- oaxaca$sHOMESQQ #Defines the sample to be used
y1 <- oaxaca$POP10 #Defines the variable of interest y1
y2 <- oaxaca$HOMES10 #Defines the variable of interest y2
Est.Total .NHT(y1[s==1], pik.U[s==1]) #Computes the NHT estimator for y1
Est.Total .NHT(y2[s==1], pik.U[s==1]) #Computes the NHT estimator for y2
oaxaca Municipalities of the state of Oaxaca in Mexico
Description

Dataset with information about the free and sovereign state of Oaxaca, which is located in the south-
ern part of Mexico. The dataset contains information on population, surface, indigenous language,
agriculture, and income from years ranging from 2000 to 2010. The information was originally
collected and processed by Mexico’s National Institute of Statistics and Geography (INEGI by its
name in Spanish, ‘Instituto Nacional de Estadistica y Geografia’, http://www.inegi.org.mx/).

Usage

data(oaxaca)

Format

A data frame with 570 observations on the following 41 variables:

IDREGION region INEGI code.

LBREGION region name (without accents and Spanish language characters).
IDDISTRI district INEGI code.

LBDISTRI district name (without accents and Spanish language characters).
IDMUNICI municipality INEGI code.

LBMUNICI municipality name (without accents and Spanish language characters).
SURFACO0S surface in squared kilometres 2005.

POPO0 population 2000.

POP10 population 2010.

HOMESO00 number of homes 2000.
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HOMES10 number of homes 2010.

POPMALOO male population 2000.

POPMAL10 male population 2010.

POPFEMO00 female population 2000.

POPFEM10 female population 2010.

INLANGOO 5 or more years old population which speaks indigenous language 2000.
INLANG10 5 or more years old population which speaks indigenous language 2010.
INCOMEO00 gross income in thousands of Mexican pesos 2000.
INCOMEO01 gross income in thousands of Mexican pesos 2001.
INCOMEQ02 gross income in thousands of Mexican pesos 2002.
INCOMEO03 gross income in thousands of Mexican pesos 2003.
PTREESO00 planted trees 2000.

PTREESO1 planted trees 2001.

PTREES(2 planted trees 2002.

PTREESO03 planted trees 2003.

MARRIA07 marriages 2007.

MARRIA08 marriages 2008.

MARRIA09 marriages 2009.

HARVBEO07 harvested bean surface in hectares 2007.

HARVBEO08 harvested bean surface in hectares 2008.

HARVBE09 harvested bean surface in hectares 2009.

VALUBEO07 value of bean production in thousands of Mexican pesos 2007.
VALUBEO08 value of bean production in thousands of Mexican pesos 2008.
VALUBEO09 value of bean production in thousands of Mexican pesos 2009.
VOLUBEO(7 volume of bean production in tons 2007.

VOLUBEO8 volume of bean production in tons 2008.

VOLUBE09 volume of bean production in tons 2009.

sHOMESO00 a sample (column vector of ones and zeros; 1 = selected, 0 = otherwise) of 373 mu-
nicipalities drawn using the Hajek (1964) maximum-entropy sampling design with inclusion
probabilities proportional to the variable HOMESO0.

sSURFAC a sample (column vector of ones and zeros; 1 = selected, 0 = otherwise) of 373 mu-
nicipalities drawn using the Hajek (1964) maximum-entropy sampling design with inclusion
probabilities proportional to the variable SURFACOS.

SIZEDIST the size of the district, i.e., the number of municipalities in each district.

sSW_10_3 a sample (column vector of ones and zeros; 1 = selected, O = otherwise) of 30 mu-
nicipalities drawn using a self-weighted two-stage sampling design. The first stage draws 10
districts using the Hajek (1964) maximum-entropy sampling design with clusters’ inclusion
probabilities proportional to the size of the clusters (variable SIZEDIST). The second stage
draws 3 municipalities within the selected districts at the first stage, using equal-probability
without-replacement sampling.
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Source

Mexico’s National Institute of Statistics and Geography (INEGI), ‘Instituto Nacional de Estadistica
y Geografia’ http://www.inegi.org.mx/

Examples

data(oaxaca) #lLoads the Oaxaca municipalities dataset
mean(oaxaca$INCOMEQQ, na.rm= TRUE)  #Computes INCOMEQ@ mean (note it has NA's)
median(oaxaca$INCOMEQ®@, na.rm= TRUE) #Computes INCOMEQ® median (note it has NA's)

Pk.PropNorm.U Inclusion probabilities proportional to a specified variable.

Description

Creates and normalises the 1st order inclusion probabilities proportional to a specified variable. In
the current context, normalisation means that the inclusion probabilities are less than or equal to 1.
Ideally, they should sum up to n, the sample size.

Usage

Pk.PropNorm.U(n, VecMOS.U)

Arguments

n the sample size. It must be an integer or a double-precision scalar with zero-
valued fractional part.

VecM0S. U vector of the variable called measure of size (MOS) to which the first-order
inclusion probabilities are to be proportional; its length is equal to the population
size. Values in VecMOS.U should be greater than zero (a warning message
appears if this does not hold). There must not be missing values.

Details

Although the normalisation procedure is well-known in the survey sampling literature, we follow
the procedure described in Chao (1982, p. 654). Hence, we obtain a unique set of inclusion proba-
bilities that are proportional to the MOS variable.

Value

The function returns a vector of length n with the inclusion probabilities.

Author(s)

Emilio Lopez Escobar.
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References

Chao, M. T. (1982) A general purpose unequal probability sampling plan. Biometrika 69, 653—-656.

See Also

Pkl.Hajek.s
Pkl.Hajek.U

Examples

data(oaxaca) #lLoads the Oaxaca municipalities dataset
#Creates the normalised 1st order incl. probs. proportional
#to the variable oaxaca$HOMES@Q and with sample size 373
pik.U <- Pk.PropNorm.U(373, oaxaca$HOMESQ®)
sum(pik.U)  #Shows the sum is equal to the sample size 373
any(pik.U>1) #Shows there isn't any probability greater than 1
any(pik.U<@) #Shows there isn't any probability less than @

Pkl.Hajek.s The Hajek approximation for the 2nd order (joint) inclusion probabil-
ities (sample based)

Description
Computes the Hajek (1964) approximation for the 2nd order (joint) inclusion probabilities utilising
only sample-based quantities.

Usage
Pkl.Hajek.s(VecPk.s)

Arguments
VecPk.s vector of the first-order inclusion probabilities; its length is equal to the sample
size. Values in VecPk. s must be greater than zero and less than or equal to one.
There must not be missing values.
Details

Let 7;, denote the inclusion probability of the k-th element in the sample s, and let 7x; denote the
joint-inclusion probabilities of the k-th and [-th elements in the sample s. If the joint-inclusion
probabilities 7j; are not available, the Hajek (1964) approximation can be used. Note that this
approximation is designed for large-entropy sampling designs, large samples, and large populations,
i.e. care should be taken with highly-stratified samples, e.g. Berger (2005).

The sample-based version of the Hajek (1964) approximation for the joint-inclusion probabilities
Ty, (implemented by the current function) is:

T = mpm{l —d (1 — ) (1 — m)}
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Pkl.Hajek.s

where d = Y okes(1— ).

The approximation was originally developed for d — oo, under the maximum-entropy sampling
design (see Hajek 1981, Theorem 3.3, Ch. 3 and 6), the Rejective Sampling design. It requires
that the utilised sampling design is of large entropy. An overview can be found in Berger and Tille
(2009). An account of different sampling designs, 7j; approximations, and approximate variances
under large-entropy designs can be found in Tille (2006), Brewer and Donadio (2003), and Haziza,
Mecatti, and Rao (2008). Recently, Berger (2011) gave sufficient conditions under which Hajek’s
results still hold for large-entropy sampling designs that are not the maximum-entropy one.

Value

The function returns a (n by n) square matrix with the estimated joint inclusion probabilities, where
n is the sample size.

Author(s)

Emilio Lopez Escobar.

References

Berger, Y. G. (2005) Variance estimation with highly stratified sampling designs with unequal prob-
abilities. Australian & New Zealand Journal of Statistics, 47, 365-373.

Berger, Y. G. (2011) Asymptotic consistency under large entropy sampling designs with unequal
probabilities. Pakistan Journal of Statististics, 27, 407-426.

Berger, Y. G. and Tille, Y. (2009) Sampling with unequal probabilities. In Sample Surveys: Design,
Methods and Applications (eds. D. Pfeffermann and C. R. Rao), 39-54. Elsevier, Amsterdam.

Brewer, K. R. W. and Donadio, M. E. (2003) The large entropy variance of the Horvitz-Thompson
estimator. Survey Methodology 29, 189-196.

Hajek, J. (1964) Asymptotic theory of rejective sampling with varying probabilities from a finite
population. The Annals of Mathematical Statistics, 35, 4, 1491-1523.

Hajek, J. (1981) Sampling From a Finite Population. Dekker, New York.

Haziza, D., Mecatti, F. and Rao, J. N. K. (2008) Evaluation of some approximate variance estimators
under the Rao-Sampford unequal probability sampling design. Metron, LXVI, 91-108.

Tille, Y. (2006) Sampling Algorithms. Springer, New York.

See Also

Pkl.Hajek.U
Pk.PropNorm.U

Examples
data(oaxaca) #Loads the Oaxaca municipalities dataset
pik.U <- Pk.PropNorm.U(373, oaxaca$HOMES@Q) #Reconstructs the 1st order incl. probs.
s <- oaxaca$sHOMES00Q #Defines the sample to be used

#This approximation is only suitable for large-entropy sampling designs
pikl.s <- Pkl.Hajek.s(pik.U[s==1]) #Approx. 2nd order incl. probs. from s
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#First 5 rows/cols of (sample-based) 2nd order incl. probs. matrix
pikl.s[1:5,1:5]

Pkl.Hajek.U The Hajek approximation for the 2nd order (joint) inclusion probabil-
ities (population based)

Description

Computes the Hajek (1964) approximation for the 2nd order (joint) inclusion probabilities utilising
population-based quantities.

Usage
Pkl.Hajek.U(VecPk.U)

Arguments
VecPk.U vector of the first-order inclusion probabilities; its length is equal to the popula-
tion size. Values in VecPk.U must be greater than zero and less than or equal to
one. There must not be missing values.
Details

Let 7, denote the inclusion probability of the k-th element in the sample s, and let 7; denote the
joint-inclusion probabilities of the k-th and [-th elements in the sample s. If the joint-inclusion
probabilities 7; are not available, the Hajek (1964) approximation can be used. Note that this
approximation is designed for large-entropy sampling designs, large samples, and large populations,
i.e., care should be taken with highly-stratified samples, e.g. Berger (2005).

The population-based version of the Hajek (1964) approximation for the joint-inclusion probabili-
ties 7, (implemented by the current function) is:

T = 7Tk’/Tl{]. —d71(1 —7Tk)(]. —7Tl)}

where d =, ;T (1 — 7).

The approximation was originally developed for d — oo, under the maximum-entropy sampling
design (see Hajek 1981, Theorem 3.3, Ch. 3 and 6), the Rejective Sampling design. It requires
that the utilised sampling design is of large entropy. An overview can be found in Berger and Tille
(2009). An account of different sampling designs, mj; approximations, and approximate variances
under large-entropy designs can be found in Tille (2006), Brewer and Donadio (2003), and Haziza,
Mecatti, and Rao (2008). Recently, Berger (2011) gave sufficient conditions under which Hajek’s
results still hold for large-entropy sampling designs that are not the maximum-entropy one.

Value

The function returns a (N by ) square matrix with the estimated joint inclusion probabilities,
where N is the population size.
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Author(s)

Emilio Lopez Escobar.

References
Berger, Y. G. (2005) Variance estimation with highly stratified sampling designs with unequal prob-
abilities. Australian & New Zealand Journal of Statistics, 47, 365-373.

Berger, Y. G. (2011) Asymptotic consistency under large entropy sampling designs with unequal
probabilities. Pakistan Journal of Statististics, 27, 407-426.

Berger, Y. G. and Tille, Y. (2009) Sampling with unequal probabilities. In Sample Surveys: Design,
Methods and Applications (eds. D. Pfeffermann and C. R. Rao), 39-54. Elsevier, Amsterdam.

Brewer, K. R. W. and Donadio, M. E. (2003) The large entropy variance of the Horvitz-Thompson
estimator. Survey Methodology 29, 189-196.

Hajek, J. (1964) Asymptotic theory of rejective sampling with varying probabilities from a finite
population. The Annals of Mathematical Statistics, 35, 4, 1491-1523.

Hajek, J. (1981) Sampling From a Finite Population. Dekker, New York.

Haziza, D., Mecatti, F. and Rao, J. N. K. (2008) Evaluation of some approximate variance estimators
under the Rao-Sampford unequal probability sampling design. Metron, LXVI, 91-108.

Tille, Y. (2006) Sampling Algorithms. Springer, New York.

See Also

Pkl.Hajek.s
Pk.PropNorm.U

Examples

data(oaxaca) #lLoads the Oaxaca municipalities dataset
pik.U <- Pk.PropNorm.U(373, oaxaca$HOMES@Q) #Reconstructs the 1st order incl. probs.
#(This approximation is only suitable for large-entropy sampling designs)

pikl.U <- Pkl.Hajek.U(pik.U) #Approximates 2nd order incl. probs. from U
#First 5 rows/cols of (population-based) 2nd order incl. probs. matrix

pikl.U[1:5,1:5]

VE.EB.HT.Mean.Hajek The Escobar-Berger unequal probability replicate variance estimator
for the Hajek (1971) estimator of a mean (Horvitz-Thompson form)

Description

Computes the Escobar-Berger (2013) unequal probability replicate variance estimator for the Hajek
estimator of a mean. It uses the Horvitz-Thompson (1952) variance form.
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Usage

VE.EB.HT.Mean.Hajek(VecY.s, VecPk.s, MatPkl.s,
VecAlpha.s = rep.int(1, length(VecPk.s)))

Arguments

VecY.s vector of the variable of interest; its length is equal to n, the sample size. Its
length has to be the same as that of VecPk.s. There must not be missing values.

VecPk.s vector of the first-order inclusion probabilities; its length is equal to n, the sam-
ple size. Values in VecPk.s must be greater than zero and less than or equal to
one. There must not be missing values.

MatPkl.s matrix of the second-order inclusion probabilities; its number of rows and columns
equals n, the sample size. Values in MatPkl.s must be greater than zero and less
than or equal to one. There must not be missing values.

VecAlpha.s vector of the «ay, values; its length is equal to n, the sample size. Values in
VecAlpha. s can be different for each unit, and must be greater or equal to zero.
Escobar-Berger (2013) showed that this replicate variance estimator is valid for
ar > 0. In particular, they suggest using o, = 1 for all units in the sample
(the default for VecAlpha.s if omitted in the function call). Using ap > 1
approximates the Demnati-Rao (2004) linearisation variance estimators. There
must not be missing values.

Details

For the population mean of the variable y:
1
-1 T
keU
the approximately unbiased Hajek (1971) estimator of ¥ is given by:

~ o Zst WEYk
YHajek =
Zkés Wk

where wy, = 1/m, and 75, denotes the inclusion probability of the k-th element in the sample s. The
variance of §pqjcr can be estimated by the Escobar-Berger (2013) unequal probability replicate
variance estimator (implemented by the current function):

NN TRl — TET o
V(Yrajer) = E E :71/’“1/[
‘ Tkl
€s lEs
where
oo ap (2 Lk
Ui = wy, (yHajek - yHajek,k)

for some o, > 0 (suggested to be 1, see below comments) and with

1—ayg
ZlEs Wiy — Wy,

1—O¢k
ZlEs wp — wk

Yk

oy _
YHajek,k =
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Regarding the value of oy, Escobar-Berger (2013) show that V(ngajek) is valid for «;; > 0 but
conclude that ap, > 0 should be used as a, = 0 corresponds to a naive biased and unstable
jackknife. They recommend oy, = lorap > 1. If o = 1, V(ﬁHajek) reduces to the Escobar-
Berger (2011) jackknife. Using o > 1 approximates the empirical influence function, i.e. the
Gateaux (1919) derivative, or Demnati-Rao (2004) linearisation variance estimators. The larger the
ag, the closer the approximation. Further, Escobar-Berger (2013) give an intuitive explanation of
the replication method from a jackknife and bootstrap perspective.

Value

The function returns a value for the estimated variance.

Author(s)

Emilio Lopez Escobar.

References

Demnati, A. and Rao, J. N. K. (2004) Linearization variance estimators for survey data. Survey
Methodology, 30, 17-26.

Escobar, E. L. and Berger, Y. G. (2011) Jackknife variance estimation for functions of Horvitz-
Thompson estimators under unequal probability sampling without replacement. In Proceeding of
the 58th World Statistics Congress. Dublin, Ireland: International Statistical Institute.

Escobar, E. L. and Berger, Y. G. (2013) A new replicate variance estimator for unequal probability
sampling without replacement. Canadian Journal of Statistics 41, 3, 508-524.

Gateaux, R. (1919) Fonctions d’une infinite de variables indeependantes. Bulletin de la Societe
Mathematique de France, 47, 70-96.

Hajek, J. (1971) Comment on An essay on the logical foundations of survey sampling by Basu, D. in
Foundations of Statistical Inference (Godambe, V.P. and Sprott, D.A. eds.), p. 236. Holt, Rinehart
and Winston.

Horvitz, D. G. and Thompson, D. J. (1952) A generalization of sampling without replacement from
a finite universe. Journal of the American Statistical Association, 47, 663—685.

See Also

VE.Jk.Tukey.Mean.Hajek
VE.Jk.CBS.SYG.Mean.Hajek
VE.Jk.B.Mean.Hajek
VE.Jk.EB.SW2.Mean.Hajek
VE.EB.SYG.Mean.Hajek

Examples
data(oaxaca) #lLoads the Oaxaca municipalities dataset
pik.U <= Pk.PropNorm.U(373, oaxaca$HOMESQQ) #Reconstructs the 1st order incl. probs.
s <- oaxaca$sHOMES00@ #Defines the sample to be used
y1 <- oaxaca$POP10 #Defines the variable y1

y2 <- oaxaca$POPMAL10@ #Defines the variable y2
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Alpha.s <- rep(2, times=373) #Defines the vector with Alpha values
#This approximation is only suitable for large-entropy sampling designs
pikl.s <- Pkl.Hajek.s(pik.U[s==11) #Approx. 2nd order incl. probs. from s

#Computes the
VE.EB.HT.Mean
#Computes the
VE.EB.HT.Mean

var. est. of the Hajek mean point estimator using y1
.Hajek(y1[s==1], pik.U[s==1], pikl.s)

var. est. of the Hajek mean point estimator using y2
.Hajek(y2[s==1], pik.U[s==1], pikl.s, Alpha.s)

VE.EB.HT.Ratio

The Escobar-Berger unequal probability replicate variance estimator
for the estimator of a ratio (Horvitz-Thompson form)

Description

Computes the Escobar-Berger (2013) unequal probability replicate variance estimator for the esti-
mator of a ratio of two totals/means. It uses the Horvitz-Thompson (1952) variance form.

Usage

VE.EB.HT.Ratio(VecY.s, VecX.s, VecPk.s, MatPkl.s,

Arguments

VecY.s

VecX.s

VecPk.s

MatPkl.s

VecAlpha.s

VecAlpha.s = rep.int(1, length(VecPk.s)))

vector of the numerator variable of interest; its length is equal to n, the sample
size. Its length has to be the same as that of VecPk.s and VecX.s. There must
not be missing values.

vector of the denominator variable of interest; its length is equal to n, the sample
size. Its length has to be the same as that of VecPk. s and VecY . s. There must not
be missing values. All values of VecX. s should be greater than zero. A warning
is displayed if this does not hold, and computations continue if mathematical
expressions allow this kind of values for the denominator variable.

vector of the first-order inclusion probabilities; its length is equal to n, the sam-
ple size. Values in VecPk.s must be greater than zero and less than or equal to
one. There must not be missing values.

matrix of the second-order inclusion probabilities; its number of rows and columns
equals n, the sample size. Values in MatPkl.s must be greater than zero and less
than or equal to one. There must not be missing values.

vector of the oy, values; its length is equal to n, the sample size. Values in
VecAlpha. s can be different for each unit, and must be greater or equal to zero.
Escobar-Berger (2013) showed that this replicate variance estimator is valid for
ar > 0. In particular, they suggest using o, = 1 for all units in the sample
(the default for VecAlpha.s if omitted in the function call). Using ap > 1
approximates the Demnati-Rao (2004) linearisation variance estimators. There
must not be missing values.
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Details

For the population ratio of two totals/means of the variables y and «:

_ EkeU yx/N _ EkeU Yk
ZkeU zx/N ZkeU Lk

R

the ratio estimator of R is given by:

R _ Zke s WEYk

Zk es WkTk

where wy, =1 /7 and 7, denotes the inclusion probability of the k-th element in the sample s. The
variance of R can be estimated by the Escobar-Berger (2013) unequal probability replicate variance
estimator (implemented by the current function):

O TS Tl — TET o o
V(R = Y3

kes les

where
v = wpt (R - Bp)

for some o > 0 (suggested to be 1, see below comments) and with

1—ag 1—ap l—ay

Y (Cies wiy —w” " yr) [ (Cieswr —wy ™) Yies wiyn — wy” " yk

k= P _ - —
(Cres wimr —wy ) [ (e, wi —wy ™) Y, wim — wy”

Regarding the value of oy, Escobar-Berger (2013) show that V(R) is valid for ay; > 0 but conclude
that a; > 0 should be used as a, = 0 corresponds to a naive biased and unstable jackknife.
They recommend o, = lor oy > 1. If o = 1, V(R) reduces to the Escobar-Berger (2011)
jackknife. Using o, > 1 approximates the empirical influence function, i.e. the Gateaux (1919)
derivative, or Demnati-Rao (2004) linearisation variance estimators. The larger the oy, the closer
the approximation. Further, Escobar-Berger (2013) give an intuitive explanation of the replication
method from a jackknife and bootstrap perspective.

Value

The function returns a value for the estimated variance.

Author(s)

Emilio Lopez Escobar.

References

Demnati, A. and Rao, J. N. K. (2004) Linearization variance estimators for survey data. Survey
Methodology, 30, 17-26.

Escobar, E. L. and Berger, Y. G. (2011) Jackknife variance estimation for functions of Horvitz-
Thompson estimators under unequal probability sampling without replacement. In Proceeding of
the 58th World Statistics Congress. Dublin, Ireland: International Statistical Institute.
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Escobar, E. L. and Berger, Y. G. (2013) A new replicate variance estimator for unequal probability
sampling without replacement. Canadian Journal of Statistics 41, 3, 508-524.

Gateaux, R. (1919) Fonctions d’une infinite de variables indeependantes. Bulletin de la Societe

Mathematique de France, 47, 70-96.

Horvitz, D. G. and Thompson, D. J. (1952) A generalization of sampling without replacement from
a finite universe. Journal of the American Statistical Association, 47, 663-685.

See Also

VE.Lin.HT.Ratio
VE.Lin.SYG.Ratio
VE.Jk.Tukey.Ratio
VE.Jk.CBS.HT.Ratio
VE.Jk.CBS.SYG.Ratio
VE.Jk.B.Ratio
VE.Jk.EB.SW2.Ratio
VE.EB.SYG.Ratio

Examples

data(oaxaca) #lLoads the Oaxaca municipalities dataset
pik.U  <- Pk.PropNorm.U(373, oaxaca$HOMESQQ) #Reconstructs the 1st order incl. probs.

s <- oaxaca$sHOMES0Q #Defines
y1 <- oaxaca$POP10 #Defines
y2 <- oaxaca$POPMAL10@ #Defines
X <- oaxaca$HOMES10 #Defines
Alpha.s <- rep(2, times=373) #Defines
#This approximation is only suitable for large-entropy
pikl.s <- Pkl.Hajek.s(pik.U[s==1]) #Approx.

the sample to be used

the numerator variable y1

the numerator variable y2

the denominator variable x
the vector with Alpha values
sampling designs

2nd order incl. probs. from s

#Computes the var. est. of the ratio point estimator using y1
VE.EB.HT.Ratio(y1[s==1]1, x[s==1], pik.U[s==1], pikl.s) #Using default VecAlpha.s
#Computes the var. est. of the ratio point estimator using y2
VE.EB.HT.Ratio(y2[s==1], x[s==1], pik.U[s==1], pikl.s, Alpha.s)

VE.EB.HT.Total.Hajek The Escobar-Berger unequal probability replicate variance estimator
for the Hajek (1971) estimator of a total (Horvitz-Thompson form)

Description

Computes the Escobar-Berger (2013) unequal probability replicate variance estimator for the Hajek
estimator of a total. It uses the Horvitz-Thompson (1952) variance form.

Usage

VE.EB.HT.Total.Hajek(VecY.s, VecPk.s, MatPkl.s, N,
VecAlpha.s = rep.int(1, length(VecPk.s)))
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Arguments

VecY.s vector of the variable of interest; its length is equal to n, the sample size. Its
length has to be the same as that of VecPk.s. There must not be missing values.

VecPk.s vector of the first-order inclusion probabilities; its length is equal to n, the sam-
ple size. Values in VecPk.s must be greater than zero and less than or equal to
one. There must not be missing values.

MatPkl.s matrix of the second-order inclusion probabilities; its number of rows and columns
equals n, the sample size. Values in MatPkl.s must be greater than zero and less
than or equal to one. There must not be missing values.

N the population size. It must be an integer or a double-precision scalar with zero-
valued fractional part.

VecAlpha.s vector of the «y, values; its length is equal to n, the sample size. Values in
VecAlpha.s can be different for each unit, and must be greater or equal to zero.
Escobar-Berger (2013) showed that this replicate variance estimator is valid for
oy > 0. In particular, they suggest using o, = 1 for all units in the sample
(the default for VecAlpha.s if omitted in the function call). Using aj > 1
approximates the Demnati-Rao (2004) linearisation variance estimators. There
must not be missing values.

Details

For the population total of the variable y:
t=2 u
keU

the approximately unbiased Hajek (1971) estimator of ¢ is given by:

Fo = N Dokes Wkl
aje -
! ZkEG W

where wy, = 1/7;, and 7y, denotes the inclusion probability of the k-th element in the sample s. The
variance of ?4jcr can be estimated by the Escobar-Berger (2013) unequal probability replicate
variance estimator (implemented by the current function):

Tl — TRTL .
tHajek E E —— I}

kes les
where
U = wi* (LHajek — thajer k)
for some a > 0 (suggested to be 1, see below comments) and with

lak

o N 2tes Wi — Yk
Hajek,k =
aje Zles wy — 1 ag

Regarding the value of ay, Escobar-Berger (2013) show that V(fHajek) is valid for ap > 0 but
conclude that o > 0 should be used as oy = 0 corresponds to a naive biased and unstable
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jackknife. They recommend o, = 1 or oy > 1. If a, = 1, V(f Hajek) Teduces to the Escobar-
Berger (2011) jackknife. Using o > 1 approximates the empirical influence function, i.e. the
Gateaux (1919) derivative, or Demnati-Rao (2004) linearisation variance estimators. The larger the
ag, the closer the approximation. Further, Escobar-Berger (2013) give an intuitive explanation of
the replication method from a jackknife and bootstrap perspective.

Value

The function returns a value for the estimated variance.

Author(s)

Emilio Lopez Escobar.

References

Demnati, A. and Rao, J. N. K. (2004) Linearization variance estimators for survey data. Survey
Methodology, 30, 17-26.

Escobar, E. L. and Berger, Y. G. (2011) Jackknife variance estimation for functions of Horvitz-
Thompson estimators under unequal probability sampling without replacement. In Proceeding of
the 58th World Statistics Congress. Dublin, Ireland: International Statistical Institute.

Escobar, E. L. and Berger, Y. G. (2013) A new replicate variance estimator for unequal probability
sampling without replacement. Canadian Journal of Statistics 41, 3, 508-524.

Gateaux, R. (1919) Fonctions d’une infinite de variables indeependantes. Bulletin de la Societe
Mathematique de France, 47, 70-96.

Hajek, J. (1971) Comment on An essay on the logical foundations of survey sampling by Basu, D. in
Foundations of Statistical Inference (Godambe, V.P. and Sprott, D.A. eds.), p. 236. Holt, Rinehart
and Winston.

Horvitz, D. G. and Thompson, D. J. (1952) A generalization of sampling without replacement from
a finite universe. Journal of the American Statistical Association, 47, 663—685.

See Also

VE.Jk.Tukey.Total.Hajek
VE.Jk.CBS.SYG.Total.Hajek
VE.Jk.B.Total.Hajek
VE.Jk.EB.SW2.Total.Hajek
VE.EB.SYG.Total.Hajek

Examples
data(oaxaca) #lLoads the Oaxaca municipalities dataset
pik.U  <- Pk.PropNorm.U(373, oaxaca$HOMESQQ) #Reconstructs the 1st order incl. probs.
s <- oaxaca$sHOMES00@ #Defines the sample to be used
N <- dim(oaxaca)[1] #Defines the population size
y1 <- oaxaca$POP10 #Defines the variable of interest y1
y2 <- oaxaca$POPMAL10 #Defines the variable of interest y2
Alpha.s <- rep(2, times=373) #Defines the vector with Alpha values

#This approximation is only suitable for large-entropy sampling designs
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pikl.s <- Pkl.Hajek.s(pik.U[s==1]) #Approx. 2nd order incl. probs. from s
#Computes the var. est. of the Hajek total point estimator using y1
VE.EB.HT.Total.Hajek(y1[s==1], pik.U[s==1], pikl.s, N)

#Computes the var. est. of the Hajek total point estimator using y2
VE.EB.HT.Total.Hajek(y2[s==1], pik.U[s==1], pikl.s, N, Alpha.s)

VE.EB.SYG.Mean.Hajek The Escobar-Berger unequal probability replicate variance estimator

for the Hajek (1971) estimator of a mean (Sen-Yates-Grundy form)

Description

Computes the Escobar-Berger (2013) unequal probability replicate variance estimator for the Hajek
estimator of a mean. It uses the Sen (1953); Yates-Grundy(1953) variance form.

Usage

VE.EB.SYG.Mean.Hajek(VecY.s, VecPk.s, MatPkl.s,

Arguments

VecY.s

VecPk.s

MatPkl.s

VecAlpha.s

Details

VecAlpha.s = rep.int(1, length(VecPk.s)))

vector of the variable of interest; its length is equal to n, the sample size. Its
length has to be the same as that of VecPk.s. There must not be missing values.

vector of the first-order inclusion probabilities; its length is equal to n, the sam-
ple size. Values in VecPk.s must be greater than zero and less than or equal to
one. There must not be missing values.

matrix of the second-order inclusion probabilities; its number of rows and columns
equals n, the sample size. Values in MatPkl.s must be greater than zero and less
than or equal to one. There must not be missing values.

vector of the oy values; its length is equal to n, the sample size. Values in
VecAlpha. s can be different for each unit, and must be greater or equal to zero.
Escobar-Berger (2013) showed that this replicate variance estimator is valid for
ar > 0. In particular, they suggest using o, = 1 for all units in the sample
(the default for VecAlpha.s if omitted in the function call). Using aj > 1
approximates the Demnati-Rao (2004) linearisation variance estimators. There
must not be missing values.

For the population mean of the variable y:

?j:%zyk

keU

the approximately unbiased Hajek (1971) estimator of y is given by:

~ ZkES WrYk
YHajek =
ZkES Wk
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where wy, = 1/7, and 71, denotes the inclusion probability of the k-th element in the sample s. The
variance of §pq e can be estimated by the Escobar-Berger (2013) unequal probability replicate
variance estimator (implemented by the current function):

NN -1 Tel — TET 9
V(YHaiek) = — —— (), — U
(yHa]ek) 9 ZZ oy ( k l)
kes les
where
U = w}?k (?]Hajek - g;{ajelmk)
for some a; > 0 (suggested to be 1, see below comments) and with

l1—ay
D ies Wiyt — wy” Py

1—ag
2165 Wy — Wy

oy _
YHajek,k =

Regarding the value of ay,, Escobar-Berger (2013) show that V(ﬁHajek) is valid for iz, > 0 but
conclude that ap, > 0 should be used as a, = 0 corresponds to a naive biased and unstable
jackknife. They recommend o, = 1 or oy, > 1. If o = 1, V(ZjHajek) reduces to the Escobar-
Berger (2011) jackknife. Using o > 1 approximates the empirical influence function, i.e. the
Gateaux (1919) derivative, or Demnati-Rao (2004) linearisation variance estimators. The larger the
ag, the closer the approximation. Further, Escobar-Berger (2013) give an intuitive explanation of
the replication method from a jackknife and bootstrap perspective.

Value

The function returns a value for the estimated variance.

Author(s)

Emilio Lopez Escobar.

References

Demnati, A. and Rao, J. N. K. (2004) Linearization variance estimators for survey data. Survey
Methodology, 30, 17-26.

Escobar, E. L. and Berger, Y. G. (2011) Jackknife variance estimation for functions of Horvitz-
Thompson estimators under unequal probability sampling without replacement. In Proceeding of
the 58th World Statistics Congress. Dublin, Ireland: International Statistical Institute.

Escobar, E. L. and Berger, Y. G. (2013) A new replicate variance estimator for unequal probability
sampling without replacement. Canadian Journal of Statistics 41, 3, 508-524.

Gateaux, R. (1919) Fonctions d’une infinite de variables indeependantes. Bulletin de la Societe
Mathematique de France, 47, 70-96.

Hajek, J. (1971) Comment on An essay on the logical foundations of survey sampling by Basu, D. in
Foundations of Statistical Inference (Godambe, V.P. and Sprott, D.A. eds.), p. 236. Holt, Rinehart
and Winston.

Hajek, J. (1971) Comment on An essay on the logical foundations of survey sampling by Basu, D. in
Foundations of Statistical Inference (Godambe, V.P. and Sprott, D.A. eds.), p. 236. Holt, Rinehart
and Winston.
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Sen, A. R. (1953) On the estimate of the variance in sampling with varying probabilities. Journal

of the Indian Society of Agricultural Statistics, S5, 119—127.

Yates, F. and Grundy, P. M. (1953) Selection without replacement from within strata with probability
proportional to size. Journal of the Royal Statistical Society B, 15, 253-261.

See Also

VE.Jk.Tukey.Mean.Hajek
VE.Jk.CBS.HT.Mean.Hajek
VE.Jk.B.Mean.Hajek
VE.Jk.EB.SW2.Mean.Hajek
VE.EB.HT.Mean.Hajek

Examples

data(oaxaca) #lLoads the Oaxaca municipalities dataset
pik.U <= Pk.PropNorm.U(373, oaxaca$HOMESQQ) #Reconstructs the 1st order incl. probs.

s <- oaxaca$sHOMES09Q #Defines
y1 <- oaxaca$POP10 #Defines
y2 <- oaxaca$POPMAL10@ #Defines
Alpha.s <- rep(2, times=373) #Defines
#This approximation is only suitable for large-entropy
pikl.s <- Pkl.Hajek.s(pik.U[s==11) #Approx.

the sample to be used

the variable of interest y1
the variable of interest y2
the vector with Alpha values
sampling designs

2nd order incl. probs. from s

#Computes the var. est. of the Hajek mean point estimator using y1

VE.EB.SYG.Mean.Hajek(y1[s==1], pik.U[s==1], pikl.s)

#Computes the var. est. of the Hajek mean point estimator using y2
VE.EB.SYG.Mean.Hajek(y2[s==1], pik.U[s==1], pikl.s, Alpha.s)

VE.EB.SYG.Ratio The Escobar-Berger unequal probability replicate variance estimator
for the estimator of a ratio (Sen-Yates-Grundy form)

Description

Computes the Escobar-Berger (2013) unequal probability replicate variance estimator for the esti-
mator of a ratio of two totals/means. It uses the Sen (1953); Yates-Grundy(1953) variance form.

Usage

VE.EB.SYG.Ratio(VecY.s, VecX.s, VecPk.s, MatPkl.s,
VecAlpha.s = rep.int(1, length(VecPk.s)))

Arguments

VecY.s vector of the numerator variable of interest; its length is equal to n, the sample
size. Its length has to be the same as that of VecPk.s and VecX.s. There must

not be missing values.
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VecX.s vector of the denominator variable of interest; its length is equal to n, the sample
size. Its length has to be the same as that of VecPk. s and VecY . s. There must not
be missing values. All values of VecX. s should be greater than zero. A warning
is displayed if this does not hold, and computations continue if mathematical
expressions allow this kind of values for the denominator variable.

VecPk.s vector of the first-order inclusion probabilities; its length is equal to n, the sam-
ple size. Values in VecPk.s must be greater than zero and less than or equal to
one. There must not be missing values.

MatPkl.s matrix of the second-order inclusion probabilities; its number of rows and columns
equals n, the sample size. Values in MatPkl.s must be greater than zero and less
than or equal to one. There must not be missing values.

VecAlpha.s vector of the ay values; its length is equal to n, the sample size. Values in
VecAlpha.s can be different for each unit, and must be greater or equal to zero.
Escobar-Berger (2013) showed that this replicate variance estimator is valid for
oy > 0. In particular, they suggest using o, = 1 for all units in the sample
(the default for VecAlpha.s if omitted in the function call). Using aj > 1
approximates the Demnati-Rao (2004) linearisation variance estimators. There
must not be missing values.

Details

For the population ratio of two totals/means of the variables y and x:

EkGU yk/N _ ZkeU Yk
Yev Te/N  Yper Tr

R =

the ratio estimator of R is given by:

f = Lkes WkYk

ZkEs Wi Tk
where wy, = 1 /7, and 7, denotes the inclusion probability of the k-th element in the sample s. The
variance of R can be estimated by the Escobar-Berger (2013) unequal probability replicate variance
estimator (implemented by the current function):

Aoy —1 Thl — TET o o \2
VIR =—> >, el )
kes les
where A X
Dy = Wl (R - R;;)
for some a > 0 (suggested to be 1, see below comments) and with
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Regarding the value of «;, Escobar-Berger (2013) show that V(R) is valid for a, > 0 but conclude
that o, > 0 should be used as o, = 0 corresponds to a naive biased and unstable jackknife.
They recommend o, = 1 orag > 1. If o, = 1, V(R) reduces to the Escobar-Berger (2011)
jackknife. Using o > 1 approximates the empirical influence function, i.e. the Gateaux (1919)
derivative, or Demnati-Rao (2004) linearisation variance estimators. The larger the oy, the closer
the approximation. Further, Escobar-Berger (2013) give an intuitive explanation of the replication
method from a jackknife and bootstrap perspective.
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Value

The function returns a value for the estimated variance.

Author(s)

Emilio Lopez Escobar.

References

Demnati, A. and Rao, J. N. K. (2004) Linearization variance estimators for survey data. Survey
Methodology, 30, 17-26.

Escobar, E. L. and Berger, Y. G. (2011) Jackknife variance estimation for functions of Horvitz-
Thompson estimators under unequal probability sampling without replacement. In Proceeding of
the 58th World Statistics Congress. Dublin, Ireland: International Statistical Institute.

Escobar, E. L. and Berger, Y. G. (2013) A new replicate variance estimator for unequal probability
sampling without replacement. Canadian Journal of Statistics 41, 3, 508-524.

Gateaux, R. (1919) Fonctions d’une infinite de variables indeependantes. Bulletin de la Societe
Mathematique de France, 47, 70-96.

Sen, A. R. (1953) On the estimate of the variance in sampling with varying probabilities. Journal
of the Indian Society of Agricultural Statistics, S5, 119—127.

Yates, F. and Grundy, P. M. (1953) Selection without replacement from within strata with probability
proportional to size. Journal of the Royal Statistical Society B, 15, 253-261.

See Also

VE.Lin.HT.Ratio
VE.Lin.SYG.Ratio
VE.Jk.Tukey.Ratio
VE.Jk.CBS.HT.Ratio
VE.Jk.CBS.SYG.Ratio
VE.Jk.B.Ratio
VE.Jk.EB.SW2.Ratio
VE.EB.HT.Ratio

Examples
data(oaxaca) #lLoads the Oaxaca municipalities dataset
pik.U <= Pk.PropNorm.U(373, oaxaca$HOMESQ®@) #Reconstructs the 1st order incl. probs.
s <- oaxaca$sHOMESQ0 #Defines the sample to be used
y1 <- oaxaca$POP10 #Defines the numerator variable y1
y2 <- oaxaca$POPMAL10 #Defines the numerator variable y2
X <- oaxaca$HOMES10@ #Defines the denominator variable x
Alpha.s <- rep(2, times=373) #Defines the vector with Alpha values
#This approximation is only suitable for large-entropy sampling designs
pikl.s <- Pkl.Hajek.s(pik.U[s==1]) #Approx. 2nd order incl. probs. from s

#Computes the var. est. of the ratio point estimator using y1
VE.EB.SYG.Ratio(y1[s==1], x[s==1], pik.U[s==1], pikl.s) #Using default VecAlpha.s
#Computes the var. est. of the ratio point estimator using y2
VE.EB.SYG.Ratio(y2[s==1]1, x[s==1], pik.U[s==1], pikl.s, Alpha.s)
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VE.EB.SYG.Total.Hajek The Escobar-Berger unequal probability replicate variance estimator
for the Hajek (1971) estimator of a total (Sen-Yates-Grundy form)

Description

Computes the Escobar-Berger (2013) unequal probability replicate variance estimator for the Hajek
estimator of a total. It uses the Sen (1953); Yates-Grundy(1953) variance form.

Usage

VE.EB.SYG.Total.Hajek(VecY.s, VecPk.s, MatPkl.s, N,
VecAlpha.s = rep.int(1, length(VecPk.s)))

Arguments

VecY.s vector of the variable of interest; its length is equal to n, the sample size. Its
length has to be the same as that of VecPk.s. There must not be missing values.

VecPk.s vector of the first-order inclusion probabilities; its length is equal to n, the sam-
ple size. Values in VecPk.s must be greater than zero and less than or equal to
one. There must not be missing values.

MatPkl.s matrix of the second-order inclusion probabilities; its number of rows and columns
equals n, the sample size. Values in MatPkl.s must be greater than zero and less
than or equal to one. There must not be missing values.

N the population size. It must be an integer or a double-precision scalar with zero-
valued fractional part.

VecAlpha.s vector of the oy values; its length is equal to n, the sample size. Values in
VecAlpha.s can be different for each unit, and must be greater or equal to zero.
Escobar-Berger (2013) showed that this replicate variance estimator is valid for
ar > 0. In particular, they suggest using ap, = 1 for all units in the sample
(the default for VecAlpha.s if omitted in the function call). Using ap > 1
approximates the Demnati-Rao (2004) linearisation variance estimators. There
must not be missing values.

Details

For the population total of the variable y:

t= Z Yk
keU
the approximately unbiased Hajek (1971) estimator of ¢ is given by:

Zkes WrYk

tHajek = N—=""—
ZkEs Wk
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where wy, = 1/7, and 71, denotes the inclusion probability of the k-th element in the sample s. The
variance of ?g4jer can be estimated by the Escobar-Berger (2013) unequal probability replicate
variance estimator (implemented by the current function):

o —1 Tl — TkT 2
Vtgaier) = — —— (U, — U
( Ha]ek:) 9 ZZ Thl ( k l)
kes les
where
ljk = w](:k (tHajek - t}ilajek;’k;)
for some a > 0 (suggested to be 1, see below comments) and with

lfock
NZ[ES WY — Wy Yk

1—ag
Zl@ Wy — Wy

- .
tHajek:,k -

Regarding the value of oy, Escobar-Berger (2013) show that V(fHajek) is valid for o, > 0 but
conclude that ap, > 0 should be used as a;, = 0 corresponds to a naive biased and unstable
jackknife. They recommend o, = 1 or oy > 1. If a, = 1, V(f Hajek) Teduces to the Escobar-
Berger (2011) jackknife. Using o > 1 approximates the empirical influence function, i.e. the
Gateaux (1919) derivative, or Demnati-Rao (2004) linearisation variance estimators. The larger the
ag, the closer the approximation. Further, Escobar-Berger (2013) give an intuitive explanation of
the replication method from a jackknife and bootstrap perspective.

Value

The function returns a value for the estimated variance.

Author(s)

Emilio Lopez Escobar.

References

Demnati, A. and Rao, J. N. K. (2004) Linearization variance estimators for survey data. Survey
Methodology, 30, 17-26.

Escobar, E. L. and Berger, Y. G. (2011) Jackknife variance estimation for functions of Horvitz-
Thompson estimators under unequal probability sampling without replacement. In Proceeding of
the 58th World Statistics Congress. Dublin, Ireland: International Statistical Institute.

Escobar, E. L. and Berger, Y. G. (2013) A new replicate variance estimator for unequal probability
sampling without replacement. Canadian Journal of Statistics 41, 3, 508-524.

Gateaux, R. (1919) Fonctions d’une infinite de variables indeependantes. Bulletin de la Societe
Mathematique de France, 47, 70-96.

Hajek, J. (1971) Comment on An essay on the logical foundations of survey sampling by Basu, D. in
Foundations of Statistical Inference (Godambe, V.P. and Sprott, D.A. eds.), p. 236. Holt, Rinehart
and Winston.

Hajek, J. (1971) Comment on An essay on the logical foundations of survey sampling by Basu, D. in
Foundations of Statistical Inference (Godambe, V.P. and Sprott, D.A. eds.), p. 236. Holt, Rinehart
and Winston.
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Sen, A. R. (1953) On the estimate of the variance in sampling with varying probabilities. Journal
of the Indian Society of Agricultural Statistics, S5, 119—127.

Yates, F. and Grundy, P. M. (1953) Selection without replacement from within strata with probability
proportional to size. Journal of the Royal Statistical Society B, 15, 253-261.

See Also

VE.Jk.Tukey.Total.Hajek
VE.Jk.CBS.HT.Total.Hajek
VE.Jk.B.Total.Hajek
VE.Jk.EB.SW2.Total.Hajek
VE.EB.SYG.Total.Hajek

Examples
data(oaxaca) #lLoads the Oaxaca municipalities dataset
pik.U <= Pk.PropNorm.U(373, oaxaca$HOMESQ®@) #Reconstructs the 1st order incl. probs.
s <- oaxaca$sHOMES00Q #Defines the sample to be used
N <- dim(oaxaca)[1] #Defines the population size
y1 <- oaxaca$POP10 #Defines the variable of interest y1
y2 <- oaxaca$POPMAL10@ #Defines the variable of interest y2
Alpha.s <- rep(2, times=373) #Defines the vector with Alpha values
#This approximation is only suitable for large-entropy sampling designs
pikl.s <- Pkl.Hajek.s(pik.U[s==11]) #Approx. 2nd order incl. probs. from s

#Computes the var. est. of the Hajek total point estimator using y1
VE.EB.SYG.Total.Hajek(y1[s==1], pik.U[s==1], pikl.s, N)

#Computes the var. est. of the Hajek total point estimator using y2
VE.EB.SYG.Total .Hajek(y2[s==1], pik.U[s==1], pikl.s, N, Alpha.s)

VE.Hajek.Mean.NHT The Hajek variance estimator for the Narain-Horvitz-Thompson point
estimator for a mean

Description
Computes the Hajek (1964) variance estimator for the Narain (1951); Horvitz-Thompson (1952)
point estimator for a population mean.

Usage
VE.Hajek.Mean.NHT(VecY.s, VecPk.s, N)

Arguments
VecY.s vector of the variable of interest; its length is equal to n, the sample size. Its
length has to be the same as that of VecPk.s. There must not be missing values.
VecPk.s vector of the first-order inclusion probabilities; its length is equal to n, the sam-

ple size. Values in VecPk.s must be greater than zero and less than or equal to
one. There must not be missing values.
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N the population size. It must be an integer or a double-precision scalar with zero-
valued fractional part.

Details
For the population mean of the variable y:
_ 1
Y= N Z Yk
keU
the unbiased Narain (1951); Horvitz-Thompson (1952) estimator of ¥ is given by:
- _ 1 Yk
YNHT = N ; ™

where 7 denotes the inclusion probability of the k-th element in the sample s. For large-entropy
sampling designs, the variance of ¢y g is approximated by the Hajek (1964) variance:

V(ynur) = m [Z i—:(l — ) — dG?

with d = Zk’EU 7Tk(]. — 71'k) and G =d ! Zk’EU(]‘ — Wk)yk.

The variance V(f ~NHT) can be estimated by the variance estimator (implemented by the current
function):

V(ijnaT) = m lz (?r;]:) (1 — ) — dG?

kes

whered =Y, . (1—m)and G =d~' Y, . (1 — m)yx /7.
Note that the Hajek (1964) variance approximation is designed for large-entropy sampling designs,

large samples, and large populations, i.e., care should be taken with highly-stratified samples, e.g.
Berger (2005).

Value

The function returns a value for the estimated variance.

Author(s)

Emilio Lopez Escobar.

References
Berger, Y. G. (2005) Variance estimation with highly stratified sampling designs with unequal prob-
abilities. Australian & New Zealand Journal of Statistics, 47, 365-373.

Hajek, J. (1964) Asymptotic theory of rejective sampling with varying probabilities from a finite
population. The Annals of Mathematical Statistics, 35, 4, 1491-1523.

Horvitz, D. G. and Thompson, D. J. (1952) A generalization of sampling without replacement from
a finite universe. Journal of the American Statistical Association, 47, 663—685.

Narain, R. D. (1951) On sampling without replacement with varying probabilities. Journal of the
Indian Society of Agricultural Statistics, 3, 169—-175.
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See Also

VE.HT.Mean .NHT
VE.SYG.Mean .NHT

Examples
data(oaxaca) #Loads the Oaxaca municipalities dataset
pik.U <- Pk.PropNorm.U(373, oaxaca$HOMES@Q) #Reconstructs the 1st order incl. probs.
s <- oaxaca$sHOMES00 #Defines the sample to be used
N <- dim(oaxaca)[1] #Defines the population size
y1 <- oaxaca$POP10 #Defines the variable of interest y1
y2 <- oaxaca$HOMES10 #Defines the variable of interest y2

#Computes the (approximate) var. est. of the NHT point est. for y1
VE.Hajek.Mean.NHT(y1[s==1]1, pik.U[s==1], N)
#Computes the (approximate) var. est. of the NHT point est. for y2
VE.Hajek.Mean.NHT(y2[s==1], pik.U[s==1], N)

VE.Hajek.Total.NHT The Hajek variance estimator for the Narain-Horvitz-Thompson point
estimator for a total

Description
Computes the Hajek (1964) variance estimator for the Narain (1951); Horvitz-Thompson (1952)
point estimator for a population total.

Usage
VE.Hajek.Total .NHT(VecY.s, VecPk.s)

Arguments
VecY.s vector of the variable of interest; its length is equal to n, the sample size. Its
length has to be the same as that of VecPk.s. There must not be missing values.
VecPk.s vector of the first-order inclusion probabilities; its length is equal to n, the sam-
ple size. Values in VecPk.s must be greater than zero and less than or equal to
one. There must not be missing values.
Details

For the population total of the variable y:
t=> w
keU
the unbiased Narain (1951); Horvitz-Thompson (1952) estimator of ¢ is given by:

2 Yk
tNaT = E —
Tk

kEs
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where 75, denotes the inclusion probability of the k-th element in the sample s. For large-entropy
sampling designs, the variance of ¢y ;77 is approximated by the Hajek (1964) variance:

V(I?NHT) = % [Z ﬁ(l — ) — dG2‘|

with d = ZkGU 7Tk(1 — 7Tk) and G = d! ZkeU(l — Wk)yk-

The variance V (fyz7) can be estimated by the variance estimator (implemented by the current

function):
2
A ~ n PN
V(tnar) = — lz (i’i) (1 —mp) — dG?
k€Es

whered =Y, . (1 —m)and G =d 'Y, . (1 — m)yx /7.
Note that the Hajek (1964) variance approximation is designed for large-entropy sampling designs,

large samples, and large populations, i.e., care should be taken with highly-stratified samples, e.g.
Berger (2005).

Value

The function returns a value for the estimated variance.

Author(s)

Emilio Lopez Escobar.

References

Berger, Y. G. (2005) Variance estimation with highly stratified sampling designs with unequal prob-
abilities. Australian & New Zealand Journal of Statistics, 47, 365-373.

Hajek, J. (1964) Asymptotic theory of rejective sampling with varying probabilities from a finite
population. The Annals of Mathematical Statistics, 35, 4, 1491-1523.

Horvitz, D. G. and Thompson, D. J. (1952) A generalization of sampling without replacement from
a finite universe. Journal of the American Statistical Association, 47, 663—685.

Narain, R. D. (1951) On sampling without replacement with varying probabilities. Journal of the
Indian Society of Agricultural Statistics, 3, 169-175.

See Also

VE.HT.Total.NHT
VE.SYG.Total .NHT

Examples
data(oaxaca) #Loads the Oaxaca municipalities dataset
pik.U <- Pk.PropNorm.U(373, oaxaca$SURFAC@5) #Reconstructs the 1st order incl. probs.
s <- oaxaca$sSURFAC #Defines the sample to be used
y1 <- oaxaca$POP10 #Defines the variable of interest y1

y2 <- oaxaca$HOMES10 #Defines the variable of interest y2
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#Computes the (approximate) var. est. of the NHT point est. from y1
VE.Hajek.Total NHT(y1[s==1], pik.U[s==1])
#Computes the (approximate) var. est. of the NHT point est. from y2
VE.Hajek.Total .NHT(y2[s==1], pik.U[s==1])

VE.HT.Mean.NHT The Horvitz-Thompson variance estimator for the Narain-Horvitz-
Thompson point estimator for a mean

Description
Computes the Horvitz-Thompson (1952) variance estimator for the Narain (1951); Horvitz-Thompson
(1952) point estimator for a population mean.

Usage
VE.HT.Mean.NHT(VecY.s, VecPk.s, MatPkl.s, N)

Arguments

VecY.s vector of the variable of interest; its length is equal to n, the sample size. Its
length has to be the same as that of VecPk.s. There must not be missing values.

VecPk.s vector of the first-order inclusion probabilities; its length is equal to n, the sam-
ple size. Values in VecPk.s must be greater than zero and less than or equal to
one. There must not be missing values.

MatPkl.s matrix of the second-order inclusion probabilities; its number of rows and columns
equals n, the sample size. Values in MatPkl.s must be greater than zero and less
than or equal to one. There must not be missing values.

N the population size. It must be an integer or a double-precision scalar with zero-
valued fractional part.

Details

For the population mean of the variable y:
_ 1
Y¥=xN Z Yk
keU
the unbiased Narain (1951); Horvitz-Thompson (1952) estimator of § is given by:
2~ _ 1 Yk
YNHT = N kzes ™

where 7, denotes the inclusion probability of the k-th element in the sample s. Let m; denotes the
joint-inclusion probabilities of the k-th and I-th elements in the sample s. The variance of 4 g is

given by:
- 1 Yk Y1
Viyver) = 553 SN (- Wkﬂz);k;l
kU leU
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which can therefore be estimated by the Horvitz-Thompson variance estimator (implemented by the

current function):
~ Tkl — Tk Yk Y1
V(ynur) = N2 E 5 -
kEs les kT

Value

The function returns a value for the estimated variance.

Author(s)

Emilio Lopez Escobar.

References

Horvitz, D. G. and Thompson, D. J. (1952) A generalization of sampling without replacement from
a finite universe. Journal of the American Statistical Association, 47, 663—685.

Narain, R. D. (1951) On sampling without replacement with varying probabilities. Journal of the
Indian Society of Agricultural Statistics, 3, 169-175.
See Also

VE.SYG.Mean.NHT
VE.Hajek.Mean.NHT

Examples
data(oaxaca) #lLoads the Oaxaca municipalities dataset
pik.U <- Pk.PropNorm.U(373, oaxaca$SURFACQ5) #Reconstructs the 1st order incl. probs.
S <- oaxaca$sSURFAC #Defines the sample to be used
N <- dim(oaxaca)[1] #Defines the population size
y1 <- oaxaca$POP10 #Defines the variable of interest y1
y2 <- oaxaca$HOMES10 #Defines the variable of interest y2
#This approximation is only suitable for large-entropy sampling designs
pikl.s <- Pkl.Hajek.s(pik.U[s==1]) #Approx. 2nd order incl. probs. from s

#Computes the variance estimation of the NHT point estimator for y1
VE.HT.Mean.NHT(y1[s==1], pik.U[s==1], pikl.s, N)
#Computes the variance estimation of the NHT point estimator for y2
VE.HT.Mean.NHT(y2[s==1], pik.U[s==1], pikl.s, N)

VE.HT.Total.NHT The Horvitz-Thompson variance estimator for the Narain-Horvitz-
Thompson point estimator for a total

Description

Computes the Horvitz-Thompson (1952) variance estimator for the Narain (1951); Horvitz-Thompson
(1952) point estimator for a population total.
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Usage
VE.HT.Total .NHT(VecY.s, VecPk.s, MatPkl.s)

Arguments

VecY.s vector of the variable of interest; its length is equal to n, the sample size. Its
length has to be the same as that of VecPk.s. There must not be missing values.

VecPk.s vector of the first-order inclusion probabilities; its length is equal to n, the sam-
ple size. Values in VecPk.s must be greater than zero and less than or equal to
one. There must not be missing values.

MatPkl.s matrix of the second-order inclusion probabilities; its number of rows and columns
equals n, the sample size. Values in MatPkl.s must be greater than zero and less
than or equal to one. There must not be missing values.

Details

For the population total of the variable y:
t=D w
k€U
the unbiased Narain (1951); Horvitz-Thompson (1952) estimator of ¢ is given by:
Yk
inar = Z ™
kes

where 7, denotes the inclusion probability of the k-th element in the sample s. Let m; denotes the
joint-inclusion probabilities of the k-th and [-th elements in the sample s. The variance of ¢ g7 is

given by:
yk Y
V(inar) ZZ Tt — 1)
keU leU

which can therefore be estimated by the Horvitz-Thompson variance estimator (implemented by the

current function):
Tkl — TkTL Yk Yt
Viinar) =33 ————
Tk T

kes les

Value

The function returns a value for the estimated variance.

Author(s)

Emilio Lopez Escobar.

References
Horvitz, D. G. and Thompson, D. J. (1952) A generalization of sampling without replacement from
a finite universe. Journal of the American Statistical Association, 47, 663—685.

Narain, R. D. (1951) On sampling without replacement with varying probabilities. Journal of the
Indian Society of Agricultural Statistics, 3, 169-175.
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See Also

VE.SYG.Total.NHT
VE.Hajek.Total .NHT

Examples
data(oaxaca) #Loads the Oaxaca municipalities dataset
pik.U <- Pk.PropNorm.U(373, oaxaca$HOMES@Q) #Reconstructs the 1st order incl. probs.
s <- oaxaca$sHOMESQ®@ #Defines the sample to be used
y1 <- oaxaca$POP10 #Defines the variable of interest y1
y2 <- oaxaca$HOMES10 #Defines the variable of interest y2
#This approximation is only suitable for large-entropy sampling designs
pikl.s <- Pkl.Hajek.s(pik.U[s==11]) #Approx. 2nd order incl. probs. from s

#Computes the var. est. of the NHT point estimator for y1
VE.HT.Total .NHT(y1[s==1], pik.U[s==1], pikl.s)
#Computes the var. est. of the NHT point estimator for y2
VE.HT.Total .NHT(y2[s==1], pik.U[s==1], pikl.s)

VE.Jk.B.Corr.Hajek The Berger (2007) unequal probability jackknife variance estimator
for the estimator of a correlation coefficient using the Hajek point es-
timator

Description

Computes the Berger (2007) unequal probability jackknife variance estimator for the estimator of a
correlation coefficient of two variables using the Hajek (1971) point estimator.

Usage

VE.Jk.B.Corr.Hajek(VecY.s, VecX.s, VecPk.s)

Arguments

VecY.s vector of the variable of interest Y; its length is equal to n, the sample size. Its
length has to be the same as that of VecPk.s and VecX.s. There must not be
missing values.

VecX.s vector of the variable of interest X; its length is equal to n, the sample size. Its
length has to be the same as that of VecPk.s and VecY.s. There must not be
missing values.

VecPk.s vector of the first-order inclusion probabilities; its length is equal to n, the sam-

ple size. Values in VecPk.s must be greater than zero and less than or equal to
one. There must not be missing values.
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Details
For the population correlation coefficient of two variables y and z:

_ > wev Wk — ) (T — T)
V2 ker Wk — )22 ke (tr — T)?

the point estimator of C, assuming that /N is unknown (see Sarndal et al., 1992, Sec. 5.9), is:

C

> wes WUk — YHagek) Tk — THajek)

\/ZkeS wy,(yr — ﬁHajek)Q\/ZkeS wi(Tk — THajer)?

CHajek =

where ﬁHajek is the Hajek (1971) point estimator of the population mean y = N~ kU Yk

- ZkES WEYk
YHajek = ~—~
Zkes W

and wy, = 1/m;, with 7, denoting the inclusion probability of the k-th element in the sample s. The
variance of C'qjer can be estimated by the Berger (2007) unequal probability jackknife variance
estimator (implemented by the current function):

A n -\ 2
V(CHajek) :Z _1(177”6) (EkiB)
keEs n
where
A ZkES(l 7 7Tk-)€k
B=—"—""——
ZkES(l - 7T]€)
and
e = (1 —wg) (OHajek - éHajek(k))
with
@ Ok
k==
ZZES wy

and where C Hajek(k) has the same functional form as C Hajek but omitting the £-th element from
the sample s. Note that this variance estimator implicitly utilises the Hajek (1964) approximations
that are designed for large-entropy sampling designs, large samples, and large populations, i.e., care
should be taken with highly-stratified samples, e.g. Berger (2005).

Value

The function returns a value for the estimated variance.

Author(s)

Emilio Lopez Escobar.
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See Also

VE.Jk.Tukey.Corr.Hajek
VE.Jk.CBS.HT.Corr.Hajek
VE.Jk.CBS.SYG.Corr.Hajek

VE.Jk.EB.SW2.Corr.Hajek

Examples
data(oaxaca) #Loads the Oaxaca municipalities dataset
pik.U <- Pk.PropNorm.U(373, oaxaca$HOMES@Q) #Reconstructs the 1st order incl. probs.
s <- oaxaca$sHOMESQ®@ #Defines the sample to be used
y1 <- oaxaca$POP10 #Defines the variable of interest y1
y2 <- oaxaca$POPMAL10 #Defines the variable of interest y2
X <- oaxaca$HOMES10 #Defines the variable of interest x
#Computes the var. est. of the corr. coeff. point estimator using y1

VE.Jk.B.Corr.Hajek(y1[s==1], x[s==1], pik.U[s==1])

#Computes

the var. est. of the corr. coeff. point estimator using y2

VE.Jk.B.Corr.Hajek(y2[s==1]1, x[s==11], pik.U[s==1])

VE.Jk.B.Mean.Hajek The Berger (2007) unequal probability jackknife variance estimator

for the Hajek estimator of a mean

Description

Computes the Berger (2007) unequal probability jackknife variance estimator for the Hajek (1971)
estimator of a mean.

Usage

VE.Jk.B.Mean.Hajek(VecY.s, VecPk.s)
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Arguments
VecY.s vector of the variable of interest; its length is equal to n, the sample size. Its
length has to be the same as that of VecPk.s. There must not be missing values.
VecPk.s vector of the first-order inclusion probabilities; its length is equal to n, the sam-
ple size. Values in VecPk.s must be greater than zero and less than or equal to
one. There must not be missing values.
Details

For the population mean of the variable y:
1
Y= N Z Yk
keU

the approximately unbiased Hajek (1971) estimator of  is given by:

A Zkes WrYk
YHajek = ~—~
Zkes Wk

where wy, = 1/m, and 75, denotes the inclusion probability of the k-th element in the sample s. The
variance of §rqjex can be estimated by the Berger (2007) unequal probability jackknife variance
estimator (implemented by the current function):

V@Hajek) = Z t (1 —my) (5k - 3)2

n—1
kes
where
B= ZkES(l — Tk )k
ZkES(l - 7Tk)
and
ek = (1 — k) (YHajek — UHajen(k))
with
- W
Wy = ==
ZIES wi
and
i o = ZZEs,lgék Wiy
Hajek(k) = ~—~
e Zle@,l;ﬁk wy

Note that this variance estimator implicitly utilises the Hajek (1964) approximations that are de-
signed for large-entropy sampling designs, large samples, and large populations, i.e., care should be
taken with highly-stratified samples, e.g. Berger (2005).

Value

The function returns a value for the estimated variance.

Author(s)

Emilio Lopez Escobar.
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References

Berger, Y. G. (2005) Variance estimation with highly stratified sampling designs with unequal prob-
abilities. Australian & New Zealand Journal of Statistics, 47, 365-373.

Berger, Y. G. (2007) A jackknife variance estimator for unistage stratified samples with unequal
probabilities. Biometrika 94, 953-964.

Hajek, J. (1964) Asymptotic theory of rejective sampling with varying probabilities from a finite
population. The Annals of Mathematical Statistics, 35, 4, 1491-1523.

Hajek, J. (1971) Comment on An essay on the logical foundations of survey sampling by Basu, D. in
Foundations of Statistical Inference (Godambe, V.P. and Sprott, D.A. eds.), p. 236. Holt, Rinehart
and Winston.

See Also

VE.Jk.Tukey.Mean.Hajek
VE.Jk.CBS.HT.Mean.Hajek
VE.Jk.CBS.SYG.Mean.Hajek
VE.Jk.EB.SW2.Mean.Hajek

Examples
data(oaxaca) #lLoads the Oaxaca municipalities dataset
pik.U <- Pk.PropNorm.U(373, oaxaca$HOMES@Q) #Reconstructs the 1st order incl. probs.
s <- oaxaca$sHOMES00Q #Defines the sample to be used
y1 <- oaxaca$POP10 #Defines the variable of interest y1
y2 <- oaxaca$POPMAL10Q #Defines the variable of interest y2

#Computes the var. est. of the Hajek mean point estimator using y1
VE.Jk.B.Mean.Hajek(y1[s==1], pik.U[s==1])
#Computes the var. est. of the Hajek mean point estimator using y2
VE.Jk.B.Mean.Hajek(y2[s==1], pik.U[s==1])

VE.Jk.B.Ratio The Berger (2007) unequal probability jackknife variance estimator
for the estimator of a ratio

Description

Computes the Berger (2007) unequal probability jackknife variance estimator for the estimator of a
ratio of two totals/means.

Usage

VE.Jk.B.Ratio(VecY.s, VecX.s, VecPk.s)



VE.Jk.B.Ratio 55

Arguments

VecY.s vector of the numerator variable of interest; its length is equal to n, the sample
size. Its length has to be the same as that of VecPk.s and VecX.s. There must
not be missing values.

VecX.s vector of the denominator variable of interest; its length is equal to n, the sample
size. Its length has to be the same as that of VecPk. s and VecY . s. There must not
be missing values. All values of VecX. s should be greater than zero. A warning
is displayed if this does not hold, and computations continue if mathematical
expressions allow this kind of values for the denominator variable.

VecPk.s vector of the first-order inclusion probabilities; its length is equal to n, the sam-
ple size. Values in VecPk.s must be greater than zero and less than or equal to
one. There must not be missing values.

Details

For the population ratio of two totals/means of the variables y and x:

_ >rev Yu/N _ >keu Yk
2kev /N ey Th

R

the ratio estimator of R is given by:

R _ Zkes WYk
2 kes WhTk

where wy, = 1/ 7, and 7, denotes the inclusion probability of the k-th element in the sample s.
The variance of R can be estimated by the Berger (2007) unequal probability jackknife variance
estimator (implemented by the current function):

VR =Y (1 —m) (gk - 3)2

n—1
kE€s
where
5 2opes(l— mh)er
B==== "
> kes(L— k)
and
Er = (]. - ?I)k) (R - R(k)>
with
T
= ———
ZZES wi
and

ZZEs,lgék wiy/ ZZEs,l;ék wy _ ZZEs,lgék Wiy
Zles,l;&k wizy/ ZlEs,l;ék' wy Zles,l;ék wixy
Note that this variance estimator implicitly utilises the Hajek (1964) approximations that are de-

signed for large-entropy sampling designs, large samples, and large populations, i.e., care should be
taken with highly-stratified samples, e.g. Berger (2005).

R(k) =



56

Value

VE.Jk.B.RegCo.Hajek

The function returns a value for the estimated variance.

Author(s)

Emilio Lopez Escobar.

References

Berger, Y. G. (2005) Variance estimation with highly stratified sampling designs with unequal prob-
abilities. Australian & New Zealand Journal of Statistics, 47, 365-373.

Berger, Y. G. (2007) A jackknife variance estimator for unistage stratified samples with unequal
probabilities. Biometrika 94, 953-964.

Hajek, J. (1964) Asymptotic theory of rejective sampling with varying probabilities from a finite
population. The Annals of Mathematical Statistics, 35, 4, 1491-1523.

See Also

VE.Lin.HT.Ratio
VE.Lin.SYG.Ratio
VE.Jk.Tukey.Ratio
VE.Jk.CBS.HT.Ratio
VE.Jk.CBS.SYG.Ratio

VE.JK.EB.
VE.EB.HT.

SW2.Ratio
Ratio

VE.EB.SYG.Ratio

Examples
data(oaxaca) #Loads the Oaxaca municipalities dataset
pik.U <- Pk.PropNorm.U(373, oaxaca$HOMES0Q) #Reconstructs the 1st order incl. probs.
S <- oaxaca$sHOMES00Q #Defines the sample to be used
y1 <- oaxaca$POP10 #Defines the numerator variable y1
y2 <- oaxaca$POPMAL10Q #Defines the numerator variable y2
X <- oaxaca$HOMES10 #Defines the denominator variable x
#Computes the var. est. of the ratio point estimator using y1

VE.Jk.B.Ratio(y1[s==1], x[s==1]1, pik.U[s==1])

#Computes

the var. est. of the ratio point estimator using y2

VE.Jk.B.Ratio(y2[s==1], x[s==1], pik.U[s==1])

VE.Jk.B.RegCo.Hajek The Berger (2007) unequal probability jackknife variance estimator

for the estimator of the regression coelfficient using the Hajek point
estimator




VE.Jk.B.RegCo.Hajek 57

Description
Computes the Berger (2007) unequal probability jackknife variance estimator for the estimator of
the regression coefficient using the Hajek (1971) point estimator.

Usage
VE.Jk.B.RegCo.Hajek(VecY.s, VecX.s, VecPk.s)

Arguments

VecY.s vector of the variable of interest Y; its length is equal to n, the sample size. Its
length has to be the same as that of VecPk.s and VecX.s. There must not be
missing values.

VecX.s vector of the variable of interest X; its length is equal to n, the sample size. Its
length has to be the same as that of VecPk.s and VecY.s. There must not be
missing values.

VecPk.s vector of the first-order inclusion probabilities; its length is equal to n, the sam-
ple size. Values in VecPk.s must be greater than zero and less than or equal to
one. There must not be missing values.

Details

From Linear Regression Analysis, for an imposed population model
y=a+px

the population regression coefficient 3, assuming that the population size N is unknown (see Sarn-
dal et al., 1992, Sec. 5.10), can be estimated by:

ZkES wk(yk - ?jHajek)(xk - i‘Hajek)
ZkeS wk(gjk - %Hajek)z

6Hajek =

where ﬁHajek and T Hajek are the Hajek (1971) point estimators of the population means § =
Ny coyeandz = N1 3", ) ay, respectively,

A Zkes WEYk

YHajek = Z Wi
kes

a2 ) _ ZICES U}kxk-

LTHajek = Z wy
kes

and wy, = 1/, with 7, denoting the inclusion probability of the k-th element in the sample s. The
variance of B4 ek can be estimated by the Berger (2007) unequal probability jackknife variance
estimator (implemented by the current function):

n

V(BHajer) = Z (1 —mk) (€k: - B>2

n—1
kEs

where

Dokes(l— me)ek

SO S ey
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VE.Jk.B.RegCo.Hajek
and . R
er = (1 —wg) (/3Hajek - ﬁHajek(k))
with
- Wk
Wy = =
ZZES wy

and where B Hajek(k) has the same functional form as B Hajek but omitting the k-th element from
the sample s. Note that this variance estimator implicitly utilises the Hajek (1964) approximations
that are designed for large-entropy sampling designs, large samples, and large populations, i.e., care
should be taken with highly-stratified samples, e.g. Berger (2005).

Value

The function returns a value for the estimated variance.

Author(s)

Emilio Lopez Escobar.

References
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and Winston.
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See Also

VE.Jk.B.RegCoI.Hajek
VE.Jk.Tukey.RegCo.Hajek
VE.Jk.CBS.HT.RegCo.Hajek
VE.Jk.CBS.SYG.RegCo.Hajek
VE.Jk.EB.SW2.RegCo.Hajek

Examples
data(oaxaca) #Loads the Oaxaca municipalities dataset
pik.U <- Pk.PropNorm.U(373, oaxaca$HOMES@Q) #Reconstructs the 1st order incl. probs.
s <- oaxaca$sHOMES00Q #Defines the sample to be used
y1 <- oaxaca$POP10 #Defines the variable of interest y1
y2 <- oaxaca$POPMAL19Q #Defines the variable of interest y2

X <- oaxaca$HOMES10 #Defines the variable of interest x
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#Computes the var. est. of the regression coeff. point estimator using y1
VE.Jk.B.RegCo.Hajek(y1[s==1]1, x[s==1], pik.U[s==1])
#Computes the var. est. of the regression coeff. point estimator using y2
VE.Jk.B.RegCo.Hajek(y2[s==1], x[s==1], pik.U[s==1])

VE.Jk.B.RegCol.Hajek The Berger (2007) unequal probability jackknife variance estimator
for the estimator of the intercept regression coefficient using the Hajek
point estimator

Description
Computes the Berger (2007) unequal probability jackknife variance estimator for the estimator of
the intercept regression coefficient using the Hajek (1971) point estimator.

Usage

VE.Jk.B.RegCoI.Hajek(VecY.s, VecX.s, VecPk.s)

Arguments

VecY.s vector of the variable of interest Y; its length is equal to n, the sample size. Its
length has to be the same as that of VecPk.s and VecX.s. There must not be
missing values.

VecX.s vector of the variable of interest X; its length is equal to n, the sample size. Its
length has to be the same as that of VecPk.s and VecY.s. There must not be
missing values.

VecPk.s vector of the first-order inclusion probabilities; its length is equal to n, the sam-
ple size. Values in VecPk.s must be greater than zero and less than or equal to
one. There must not be missing values.

Details

From Linear Regression Analysis, for an imposed population model
y=o+ Bz

the population intercept regression coefficient «, assuming that the population size N is unknown
(see Sarndal et al., 1992, Sec. 5.10), can be estimated by:

Zst wk:(yk: - ?jHajek:)(xk - -%Hajek:) ~
= 2 THajek
Ekeg wk(xk - xHajek:)

@Hajek = ﬁHajek -
where ngajek and T Hajek are the Hajek (1971) point estimators of the population means § =

Ny coywandz = N~1 5", 0 ap, respectively,

~ ZkES WrYk
YHajek =
ZkES Wk
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2 _ ZkES Wk Tk
THajek = ~—~
ZkES Wk

and wy, = 1/, with 7, denoting the inclusion probability of the k-th element in the sample s. The
variance of &g ek can be estimated by the Berger (2007) unequal probability jackknife variance
estimator (implemented by the current function):

N n %
V(OéHajek) — Z — 1(1 — k) <€k - B)
keEs n
where
o Y es(L—T)en
B ==
ZkES(l - ﬂ—k)
and
ev = (1 — ) (Grajer — Grrajerc))
with
T L
p=
ZlES wi

and where & fyg e (k) has the same functional form as & g gjex but omitting the k-th element from
the sample s. Note that this variance estimator implicitly utilises the Hajek (1964) approximations
that are designed for large-entropy sampling designs, large samples, and large populations, i.e., care
should be taken with highly-stratified samples, e.g. Berger (2005).

Value

The function returns a value for the estimated variance.

Author(s)

Emilio Lopez Escobar.

References
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See Also

VE.Jk.B.RegCo.Hajek
VE.Jk.Tukey.RegCol.Hajek
VE.Jk.CBS.HT.RegCoI.Hajek
VE.Jk.CBS.SYG.RegCoI.Hajek
VE.Jk.EB.SW2.RegCoI.Hajek

Examples
data(oaxaca) #Loads the Oaxaca municipalities dataset
pik.U <- Pk.PropNorm.U(373, oaxaca$HOMES@Q) #Reconstructs the 1st order incl. probs.
s <- oaxaca$sHOMES0Q #Defines the sample to be used
y1 <- oaxaca$POP10 #Defines the variable of interest y1
y2 <- oaxaca$POPMAL19Q #Defines the variable of interest y2
X <- oaxaca$HOMES10 #Defines the variable of interest x

#Computes the var. est. of the intercept reg. coeff. point estimator using y1
VE.Jk.B.RegCoI.Hajek(y1[s==1], x[s==1], pik.U[s==11)
#Computes the var. est. of the intercept reg. coeff. point estimator using y2
VE.Jk.B.RegCoI.Hajek(y2[s==1], x[s==1], pik.U[s==1])

VE.Jk.B.Total.Hajek The Berger (2007) unequal probability jackknife variance estimator
for the Hajek estimator of a total

Description

Computes the Berger (2007) unequal probability jackknife variance estimator for the Hajek (1971)
estimator of a total.

Usage

VE.Jk.B.Total.Hajek(VecY.s, VecPk.s, N)

Arguments
VecY.s vector of the variable of interest; its length is equal to n, the sample size. Its
length has to be the same as that of VecPk.s. There must not be missing values.
VecPk.s vector of the first-order inclusion probabilities; its length is equal to n, the sam-
ple size. Values in VecPk.s must be greater than zero and less than or equal to
one. There must not be missing values.
N the population size. It must be an integer or a double-precision scalar with zero-

valued fractional part.
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Details
For the population total of the variable y:
t=2 w
keU

the approximately unbiased Hajek (1971) estimator of ¢ is given by:

> kes WkYk
Zkes Wy,

where wy, = 1/m, and 7, denotes the inclusion probability of the k-th element in the sample s. The
variance of 4. can be estimated by the Berger (2007) unequal probability jackknife variance
estimator (implemented by the current function):

2€Hajek: =N

NI n O\ 2
V(tHajek) :Z — 1(177@) (Ek 73)
kEs n
where
> ZkES(l - ﬂ-k)sk
B===__“
ZkES(l - 71'}@)
and
e = (1 — ) (trajek — trajenr))
with
Wy, = _ Wk
Zles wi
and E
- les, £k WYl
LHajek(k) = NELEE T
Zle.s,lqék wi

Note that this variance estimator implicitly utilises the Hajek (1964) approximations that are de-
signed for large-entropy sampling designs, large samples, and large populations, i.e., care should be
taken with highly-stratified samples, e.g. Berger (2005).

Value

The function returns a value for the estimated variance.

Author(s)

Emilio Lopez Escobar.

References

Berger, Y. G. (2005) Variance estimation with highly stratified sampling designs with unequal prob-
abilities. Australian & New Zealand Journal of Statistics, 47, 365-373.

Berger, Y. G. (2007) A jackknife variance estimator for unistage stratified samples with unequal
probabilities. Biometrika 94, 953-964.
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Hajek, J. (1964) Asymptotic theory of rejective sampling with varying probabilities from a finite
population. The Annals of Mathematical Statistics, 35, 4, 1491-1523.

Hajek, J. (1971) Comment on An essay on the logical foundations of survey sampling by Basu, D. in
Foundations of Statistical Inference (Godambe, V.P. and Sprott, D.A. eds.), p. 236. Holt, Rinehart
and Winston.

See Also

VE.Jk.Tukey.Total.Hajek
VE.Jk.CBS.HT.Total.Hajek
VE.Jk.CBS.SYG.Total.Hajek

VE.Jk.EB.SW2.Total.Hajek

Examples
data(oaxaca) #Loads the Oaxaca municipalities dataset
pik.U <- Pk.PropNorm.U(373, oaxaca$HOMES@Q) #Reconstructs the 1st order incl. probs.
s <- oaxaca$sHOMESQ®@ #Defines the sample to be used
N <- dim(oaxaca)[1] #Defines the population size
y1 <- oaxaca$POP10 #Defines the variable of interest y1
y2 <- oaxaca$POPMAL19Q #Defines the variable of interest y2
#Computes the var. est. of the Hajek total point estimator using y1

VE.Jk.B.Total.Hajek(y1[s==1], pik.U[s==1], N)

#Computes

the var. est. of the Hajek total point estimator using y2

VE.Jk.B.Total.Hajek(y2[s==1], pik.U[s==1], N)

VE.Jk.CBS.HT.Corr.Hajek

The Campbell-Berger-Skinner unequal probability jackknife variance
estimator for the estimator of a correlation coefficient using the Hajek
point estimator (Horvitz-Thompson form)

Description

Computes the Campbell(1980); Berger-Skinner(2005) unequal probability jackknife variance esti-
mator for the estimator of a correlation coefficient of two variables using the Hajek (1971) point
estimator. It uses the Horvitz-Thompson (1952) variance form.

Usage

VE.Jk.CBS.HT.Corr.Hajek(VecY.s, VecX.s, VecPk.s, MatPkl.s)

Arguments

VecY.s

vector of the variable of interest Y; its length is equal to n, the sample size. Its
length has to be the same as that of VecPk.s and VecX.s. There must not be
missing values.
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VecX.s vector of the variable of interest X; its length is equal to n, the sample size. Its
length has to be the same as that of VecPk.s and VecY.s. There must not be
missing values.

VecPk.s vector of the first-order inclusion probabilities; its length is equal to n, the sam-
ple size. Values in VecPk.s must be greater than zero and less than or equal to
one. There must not be missing values.

MatPkl.s matrix of the second-order inclusion probabilities; its number of rows and columns
equals n, the sample size. Values in MatPkl.s must be greater than zero and less
than or equal to one. There must not be missing values.

Details

For the population correlation coefficient of two variables y and z:

Y onev Wk —9)(z) — 7)

V2 ker Wk — 0)2V/ 2 ke (tr — T)?

the point estimator of C, assuming that N is unknown (see Sarndal et al., 1992, Sec. 5.9), is:

C:

Zkes wk:(yk - :leajek:)(xk - -%Hajek)

\/Zkes wy,(yr — ﬁHajek)2\/Zkes wi (21, — THajek)?

CHajek =

where ngajek is the Hajek (1971) point estimator of the population mean § = N -1 > kU Yk

ZkES WEYk
yHajek -
ZkES Wk

and wy, = 1/mg with 7, denoting the inclusion probability of the k-th element in the sample s.
The variance of Crrqjcr can be estimated by the Campbell(1980); Berger-Skinner(2005) unequal
probability jackknife variance estimator (implemented by the current function):

7Tkl - 7Tk7rl
CHa]ek E E ELEl

kes les

where . N
er = (1 —wg) (CHajek - CHajek(k))

with
W

Zles wy

and where C Hajek(k) has the same functional form as C Hajer but omitting the k-th element from
the sample s.

W =

Value

The function returns a value for the estimated variance.

Author(s)

Emilio Lopez Escobar.
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See Also

VE.Jk.Tukey.Corr.Hajek
VE.Jk.CBS.SYG.Corr.Hajek
VE.Jk.B.Corr.Hajek
VE.Jk.EB.SW2.Corr.Hajek

Examples
data(oaxaca) #lLoads the Oaxaca municipalities dataset
pik.U <- Pk.PropNorm.U(373, oaxaca$HOMES@Q) #Reconstructs the 1st order incl. probs.
S <- oaxaca$sHOMES0Q #Defines the sample to be used
y1 <- oaxaca$POP10 #Defines the variable of interest y1
y2 <- oaxaca$POPMAL10Q #Defines the variable of interest y2
X <- oaxaca$HOMES10 #Defines the variable of interest x
#This approximation is only suitable for large-entropy sampling designs
pikl.s <- Pkl.Hajek.s(pik.U[s==1]) #Approx. 2nd order incl. probs. from s

#Computes the var. est. of the corr. coeff. point estimator using y1
VE.Jk.CBS.HT.Corr.Hajek(y1[s==1]1, x[s==1], pik.U[s==1], pikl.s)
#Computes the var. est. of the corr. coeff. point estimator using y2
VE.Jk.CBS.HT.Corr.Hajek(y2[s==1], x[s==1], pik.U[s==1], pikl.s)

VE.Jk.CBS.HT.Mean.Hajek
The Campbell-Berger-Skinner unequal probability jackknife vari-
ance estimator for the Hajek (1971) estimator of a mean (Horvitz-
Thompson form)

Description

Computes the Campbell(1980); Berger-Skinner(2005) unequal probability jackknife variance esti-
mator for the Hajek estimator of a mean. It uses the Horvitz-Thompson (1952) variance form.
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Usage
VE.Jk.CBS.HT.Mean.Hajek(VecY.s, VecPk.s, MatPkl.s)

Arguments

VecY.s vector of the variable of interest; its length is equal to n, the sample size. Its
length has to be the same as that of VecPk.s. There must not be missing values.

VecPk.s vector of the first-order inclusion probabilities; its length is equal to n, the sam-
ple size. Values in VecPk.s must be greater than zero and less than or equal to
one. There must not be missing values.

MatPkl.s matrix of the second-order inclusion probabilities; its number of rows and columns
equals n, the sample size. Values in MatPkl.s must be greater than zero and less
than or equal to one. There must not be missing values.

Details

For the population mean of the variable y:
1
¥=N Z Yk
keU

the approximately unbiased Hajek (1971) estimator of § is given by:

~ . ZkES WEYk
YHajek = ~—
Zkes Wi

where wy, = 1/m, and 7, denotes the inclusion probability of the k-th element in the sample s.
The variance of §pqjer can be estimated by the Campbell(1980); Berger-Skinner(2005) unequal
probability jackknife variance estimator (implemented by the current function):

NN TR — Tk
V(YHajer) = Z Z BT EREL

kes les

where

e = (1 — k) (YHajek — UHajek(k))
with ] o

e Dies W
and
ZjHajek(k) = M
Zles,l;ék wy
Value

The function returns a value for the estimated variance.

Author(s)

Emilio Lopez Escobar.
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Horvitz, D. G. and Thompson, D. J. (1952) A generalization of sampling without replacement from
a finite universe. Journal of the American Statistical Association, 47, 663—685.

See Also

VE.Jk.Tukey.Mean.Hajek
VE.Jk.CBS.SYG.Mean.Hajek
VE.Jk.B.Mean.Hajek
VE.Jk.EB.SW2.Mean.Hajek

Examples
data(oaxaca) #lLoads the Oaxaca municipalities dataset
pik.U <- Pk.PropNorm.U(373, oaxaca$HOMES@Q) #Reconstructs the 1st order incl. probs.
S <- oaxaca$sHOMES00Q #Defines the sample to be used
y1 <- oaxaca$POP10 #Defines the variable of interest y1
y2 <- oaxaca$POPMAL10Q #Defines the variable of interest y2
#This approximation is only suitable for large-entropy sampling designs
pikl.s <- Pkl.Hajek.s(pik.U[s==1]) #Approx. 2nd order incl. probs. from s

#Computes the var. est. of the Hajek mean point estimator using y1
VE.Jk.CBS.HT.Mean.Hajek(y1[s==1], pik.U[s==1], pikl.s)
#Computes the var. est. of the Hajek mean point estimator using y2
VE.Jk.CBS.HT.Mean.Hajek(y2[s==1], pik.U[s==1], pikl.s)

VE.Jk.CBS.HT.Ratio The Campbell-Berger-Skinner unequal probability jackknife variance
estimator for the estimator of a ratio (Horvitz-Thompson form)

Description

Computes the Campbell(1980); Berger-Skinner(2005) unequal probability jackknife variance esti-
mator for the estimator of a ratio of two totals/means. It uses the Horvitz-Thompson (1952) variance
form.

Usage

VE.Jk.CBS.HT.Ratio(VecY.s, VecX.s, VecPk.s, MatPkl.s)
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Arguments

VecY.s vector of the numerator variable of interest; its length is equal to n, the sample
size. Its length has to be the same as that of VecPk.s and VecX.s. There must
not be missing values.

VecX.s vector of the denominator variable of interest; its length is equal to n, the sample
size. Its length has to be the same as that of VecPk. s and VecY . s. There must not
be missing values. All values of VecX. s should be greater than zero. A warning
is displayed if this does not hold, and computations continue if mathematical
expressions allow this kind of values for the denominator variable.

VecPk.s vector of the first-order inclusion probabilities; its length is equal to n, the sam-
ple size. Values in VecPk.s must be greater than zero and less than or equal to
one. There must not be missing values.

MatPkl.s matrix of the second-order inclusion probabilities; its number of rows and columns
equals n, the sample size. Values in MatPkl.s must be greater than zero and less
than or equal to one. There must not be missing values.

Details

For the population ratio of two totals/means of the variables y and x:

o ZkeU yk/N o Zke[] Yk

R= -
ZkEU zi/N ZkeU Tk

the ratio estimator of R is given by:

> Zkes WEYk
R= Skes RIE
> kes WkTk

where wy, =1 /71, and 7, denotes the inclusion probability of the k-th element in the sample s. The
variance of I can be estimated by the Campbell(1980); Berger-Skinner(2005) unequal probability
jackknife variance estimator (implemented by the current function):

ST Tkl — TR
ViR =YY

kes les
where
Ek = (]. — ?I)k) (R — R(k)>
with w
- k
W = =——
ZZES wi
and
R( )= Zles,lqék wlyl/zles,lqék wy Zles,lyék wiyi
k) = —
Eles,z;sk wyzy ) ZZES,l;ék wi ZlES,l;ék wixy
Value

The function returns a value for the estimated variance.
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Author(s)
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See Also

VE.Lin.HT.Ratio
VE.Lin.SYG.Ratio
VE.Jk.Tukey.Ratio
VE.Jk.CBS.SYG.Ratio
VE.Jk.B.Ratio
VE.Jk.EB.SW2.Ratio
VE.EB.HT.Ratio
VE.EB.SYG.Ratio

Examples
data(oaxaca) #lLoads the Oaxaca municipalities dataset
pik.U <- Pk.PropNorm.U(373, oaxaca$HOMES@Q) #Reconstructs the 1st order incl. probs.
s <- oaxaca$sHOMES00Q #Defines the sample to be used
y1 <- oaxaca$POP10 #Defines the numerator variable y1
y2 <- oaxaca$POPMAL10@ #Defines the numerator variable y2
X <- oaxaca$HOMES10 #Defines the denominator variable x
#This approximation is only suitable for large-entropy sampling designs
pikl.s <- Pkl.Hajek.s(pik.U[s==1]) #Approx. 2nd order incl. probs. from s

#Computes the var. est. of the ratio point estimator using y1
VE.Jk.CBS.HT.Ratio(y1[s==1], x[s==1]1, pik.U[s==1], pikl.s)
#Computes the var. est. of the ratio point estimator using y2
VE.Jk.CBS.HT.Ratio(y2[s==1], x[s==11, pik.U[s==1], pikl.s)

VE.Jk.CBS.HT.RegCo.Hajek
The Campbell-Berger-Skinner unequal probability jackknife variance
estimator for the estimator of the regression coefficient using the Hajek
point estimator (Horvitz-Thompson form)
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Description

Computes the Campbell(1980); Berger-Skinner(2005) unequal probability jackknife variance esti-
mator for the estimator of the regression coefficient using the Hajek (1971) point estimator. It uses
the Horvitz-Thompson (1952) variance form.

Usage
VE.Jk.CBS.HT.RegCo.Hajek(VecY.s, VecX.s, VecPk.s, MatPkl.s)

Arguments

VecY.s vector of the variable of interest Y; its length is equal to n, the sample size. Its
length has to be the same as that of VecPk.s and VecX.s. There must not be
missing values.

VecX.s vector of the variable of interest X; its length is equal to n, the sample size. Its
length has to be the same as that of VecPk.s and VecY.s. There must not be
missing values.

VecPk.s vector of the first-order inclusion probabilities; its length is equal to n, the sam-
ple size. Values in VecPk.s must be greater than zero and less than or equal to
one. There must not be missing values.

MatPkl.s matrix of the second-order inclusion probabilities; its number of rows and columns
equals n, the sample size. Values in MatPkl.s must be greater than zero and less
than or equal to one. There must not be missing values.

Details

From Linear Regression Analysis, for an imposed population model
y=a+px

the population regression coefficient 3, assuming that the population size N is unknown (see Sarn-
dal et al., 1992, Sec. 5.10), can be estimated by:

ZkEs wk(yk - @H(zjek)(xk - %Hajek)
Y okes Wk(Th — THajer)?

ﬁHajek =

where ngajek and T Hajek are the Hajek (1971) point estimators of the population means § =
Ny coywandz = N~1 5", o a, respectively,

Zkeé WrYk
yHajek =
ZkES Wk
2kes WhTk
xHu]ek =
Zkes Wk

and wy = 1/m with 7 denoting the inclusion probability of the k-th element in the sample s.
The variance of Spqjer can be estimated by the Campbell(1980); Berger-Skinner(2005) unequal
probability jackknife variance estimator (implemented by the current function):

7Tkl - 7Tk7rl
ﬁHa]ek E E ELEl

kes les
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where R A
er = (1 — wy) (5Hajek - ﬂHajek(k))

with
Wi

a ZlES wy

and where B Hajek(k) has the same functional form as B Hajer but omitting the k-th element from
the sample s.

Wk

Value

The function returns a value for the estimated variance.

Author(s)
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See Also

VE.Jk.CBS.HT.RegCoI.Hajek
VE.Jk.Tukey.RegCo.Hajek
VE.Jk.CBS.SYG.RegCo.Hajek
VE.Jk.B.RegCo.Hajek
VE.Jk.EB.SW2.RegCo.Hajek

Examples
data(oaxaca) #Loads the Oaxaca municipalities dataset
pik.U <- Pk.PropNorm.U(373, oaxaca$HOMES@Q) #Reconstructs the 1st order incl. probs.
s <- oaxaca$sHOMES00Q #Defines the sample to be used
y1 <- oaxaca$POP10 #Defines the variable of interest y1
y2 <- oaxaca$POPMAL10 #Defines the variable of interest y2
X <- oaxaca$HOMES10 #Defines the variable of interest x

#This approximation is only suitable for large-entropy sampling designs
pikl.s <- Pkl.Hajek.s(pik.U[s==1]) #Approx. 2nd order incl. probs. from s
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#Computes the var. est. of the regression coeff. point estimator using y1
VE.Jk.CBS.HT.RegCo.Hajek(y1[s==1], x[s==1], pik.U[s==1], pikl.s)
#Computes the var. est. of the regression coeff. point estimator using y2
VE.Jk.CBS.HT.RegCo.Hajek(y2[s==1], x[s==1], pik.U[s==1], pikl.s)

VE.Jk.CBS.HT.RegCoI.Hajek
The Campbell-Berger-Skinner unequal probability jackknife variance
estimator for the estimator of the intercept regression coefficient using
the Hajek point estimator (Horvitz-Thompson form)

Description

Computes the Campbell(1980); Berger-Skinner(2005) unequal probability jackknife variance esti-
mator for the estimator of the intercept regression coefficient using the Hajek (1971) point estimator.
It uses the Horvitz-Thompson (1952) variance form.

Usage

VE.Jk.CBS.HT.RegCoI.Hajek(VecY.s, VecX.s, VecPk.s, MatPkl.s)

Arguments

VecY.s vector of the variable of interest Y; its length is equal to n, the sample size. Its
length has to be the same as that of VecPk.s and VecX.s. There must not be
missing values.

VecX.s vector of the variable of interest X; its length is equal to n, the sample size. Its
length has to be the same as that of VecPk.s and VecY.s. There must not be
missing values.

VecPk.s vector of the first-order inclusion probabilities; its length is equal to n, the sam-
ple size. Values in VecPk.s must be greater than zero and less than or equal to
one. There must not be missing values.

MatPkl.s matrix of the second-order inclusion probabilities; its number of rows and columns
equals n, the sample size. Values in MatPkl.s must be greater than zero and less
than or equal to one. There must not be missing values.

Details

From Linear Regression Analysis, for an imposed population model
y=a+fx

the population intercept regression coefficient «v, assuming that the population size N is unknown
(see Sarndal et al., 1992, Sec. 5.10), can be estimated by:

Zkes wk’(yk - f/Hajek’)(CCk - Q_A:Hajek) ~
) = 2 THajek
> hes Wk(Th — THajek)

dHajck = gHajek -
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where ngajek and 2 Hajek are the Hajek (1971) point estimators of the population means § =
Ny, coywandz = N1 5", ayp, respectively,

ZkeS WEYk
yHa]ek = Z Wy
kes
2kes WrTk
xHa]ek - Z wy
kes

and wy, = 1/ with 75 denoting the inclusion probability of the k-th element in the sample s.
The variance of &fqjer can be estimated by the Campbell(1980); Berger-Skinner(2005) unequal
probability jackknife variance estimator (implemented by the current function):

7Tkrl — TET
aHa]ek § E ELEl

kes les
where
er = (1 — W) (GHajek — CHajer(r))

with
~ Wi

Wy = =<
ZZES wi

and where & pyqjer(k) has the same functional form as @/yrqjer but omitting the k-th element from
the sample s.

Value

The function returns a value for the estimated variance.

Author(s)
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See Also

VE.Jk.CBS.HT.RegCo.Hajek
VE.Jk.Tukey.RegCol.Hajek
VE.Jk.CBS.SYG.RegCol.Hajek
VE.Jk.B.RegCoI.Hajek
VE.Jk.EB.SW2.RegCoI.Hajek

Examples
data(oaxaca) #lLoads the Oaxaca municipalities dataset
pik.U <- Pk.PropNorm.U(373, oaxaca$HOMES@Q) #Reconstructs the 1st order incl. probs.
S <- oaxaca$sHOMES0Q #Defines the sample to be used
y1 <- oaxaca$POP10 #Defines the variable of interest y1
y2 <- oaxaca$POPMAL10Q #Defines the variable of interest y2
X <- oaxaca$HOMES10 #Defines the variable of interest x
#This approximation is only suitable for large-entropy sampling designs
pikl.s <- Pkl.Hajek.s(pik.U[s==1]) #Approx. 2nd order incl. probs. from s

#Computes the var. est. of the intercept reg. coeff. point estimator using y1
VE.Jk.CBS.HT.RegCol.Hajek(y1[s==1], x[s==1], pik.U[s==1], pikl.s)
#Computes the var. est. of the intercept reg. coeff. point estimator using y2
VE.Jk.CBS.HT.RegCoI.Hajek(y2[s==1], x[s==1], pik.U[s==1], pikl.s)

VE.Jk.CBS.HT.Total.Hajek
The Campbell-Berger-Skinner unequal probability jackknife variance
estimator for the Hajek (1971) estimator of a total (Horvitz-Thompson

form)

Description
Computes the Campbell(1980); Berger-Skinner(2005) unequal probability jackknife variance esti-
mator for the Hajek estimator of a total. It uses the Horvitz-Thompson (1952) variance form.
Usage
VE.Jk.CBS.HT.Total.Hajek(VecY.s, VecPk.s, MatPkl.s, N)

Arguments

VecY.s vector of the variable of interest; its length is equal to n, the sample size. Its
length has to be the same as that of VecPk.s. There must not be missing values.

VecPk.s vector of the first-order inclusion probabilities; its length is equal to n, the sam-
ple size. Values in VecPk.s must be greater than zero and less than or equal to
one. There must not be missing values.

MatPkl.s matrix of the second-order inclusion probabilities; its number of rows and columns
equals n, the sample size. Values in MatPkl.s must be greater than zero and less
than or equal to one. There must not be missing values.

N the population size. It must be an integer or a double-precision scalar with zero-

valued fractional part.
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Details

For the population total of the variable y:

t=> uk

keU

the approximately unbiased Hajek (1971) estimator of ¢ is given by:

F = N Dokes Wkl
aje -
! ZkEs Wk

where wy, = 1/m, and 7, denotes the inclusion probability of the k-th element in the sample s.
The variance of ¢ Hajek can be estimated by the Campbell(1980); Berger-Skinner(2005) unequal
probability jackknife variance estimator (implemented by the current function):

7Tkl - '/Tk'/Tl
tHaJek § § EKEl

kes les
where
er = (1 — k) (tajer — Lrajenr))
with
. wy
e Dles Wi
and
'EHajek(k) 72168 el L
Dies, £k Wi
Value

The function returns a value for the estimated variance.

Author(s)
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VE.Jk.CBS.SYG.Corr.Hajek

See Also

VE.Jk.Tukey.Total.Hajek
VE.Jk.CBS.SYG.Total.Hajek
VE.Jk.B.Total.Hajek
VE.Jk.EB.SW2.Total.Hajek

Examples
data(oaxaca) #Loads the Oaxaca municipalities dataset
pik.U <- Pk.PropNorm.U(373, oaxaca$HOMES@Q) #Reconstructs the 1st order incl. probs.
s <- oaxaca$sHOMES00Q #Defines the sample to be used
N <- dim(oaxaca)[1] #Defines the population size
y1 <- oaxaca$POP10 #Defines the variable of interest y1
y2 <- oaxaca$POPMAL10Q #Defines the variable of interest y2
#This approximation is only suitable for large-entropy sampling designs
pikl.s <- Pkl.Hajek.s(pik.U[s==1]) #Approx. 2nd order incl. probs. from s

#Computes the var. est. of the Hajek total point estimator using y1
VE.Jk.CBS.HT.Total.Hajek(y1[s==1], pik.U[s==1], pikl.s, N)
#Computes the var. est. of the Hajek total point estimator using y2
VE.Jk.CBS.HT.Total.Hajek(y2[s==1], pik.U[s==1], pikl.s, N)

VE.Jk.CBS.SYG.Corr.Hajek
The Campbell-Berger-Skinner unequal probability jackknife variance
estimator for the estimator of a correlation coefficient using the Hajek
point estimator (Sen-Yates-Grundy form)

Description

Computes the Campbell(1980); Berger-Skinner(2005) unequal probability jackknife variance esti-
mator for the estimator of a correlation coefficient of two variables using the Hajek (1971) point
estimator. It uses the Sen (1953); Yates-Grundy(1953) variance form.

Usage

VE.Jk.CBS.SYG.Corr.Hajek(VecY.s, VecX.s, VecPk.s, MatPkl.s)

Arguments

VecY.s vector of the variable of interest Y; its length is equal to n, the sample size. Its
length has to be the same as that of VecPk.s and VecX.s. There must not be
missing values.

VecX.s vector of the variable of interest X; its length is equal to n, the sample size. Its
length has to be the same as that of VecPk.s and VecY.s. There must not be
missing values.

VecPk.s vector of the first-order inclusion probabilities; its length is equal to n, the sam-

ple size. Values in VecPk.s must be greater than zero and less than or equal to
one. There must not be missing values.
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MatPkl.s matrix of the second-order inclusion probabilities; its number of rows and columns
equals n, the sample size. Values in MatPkl.s must be greater than zero and less
than or equal to one. There must not be missing values.

Details

For the population correlation coefficient of two variables y and z:

> onev Wk —9)(z) — 7)

V2 ker Wk — 02/ 2 ke (@r — T)?

the point estimator of C, assuming that N is unknown (see Sarndal et al., 1992, Sec. 5.9), is:

C:

ZkEs wk( ﬁHajek)(Ik - :%Haj(rk;)

CHajek -
\/ZkeS W yk yHajek \/ZkES wk(xk 7$Ha]ek)

where Ypqjer is the Hajek (1971) point estimator of the population meany = N =1 Y kev Yk

~ Zkes WEYk
YHajek = ~—
ZkES Wi

and wy, = 1/m; with 7 denoting the inclusion probability of the k-th element in the sample s.

The variance of C Hajek can be estimated by the Campbell(1980); Berger-Skinner(2005) unequal
probability jackknife variance estimator (implemented by the current function):

(éHa]ek _ ZZ L Trkﬂ-l Ek — El)

kes les
where
er = (1 —wg) (CHajek - CHajek(k)>
with
- Wi,
Wy = =<
ZZES wy

and where C Hajek(k) has the same functional form as C Hajer but omitting the k-th element from
the sample s. The Sen-Yates-Grundy form for the Campbell(1980); Berger-Skinner(2005) unequal
probability jackknife variance estimator is proposed in Escobar-Berger (2013) under less-restrictive
regularity conditions.

Value

The function returns a value for the estimated variance.

Author(s)

Emilio Lopez Escobar.
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See Also

VE.Jk.Tukey.Corr.Hajek
VE.Jk.CBS.HT.Corr.Hajek
VE.Jk.B.Corr.Hajek
VE.Jk.EB.SW2.Corr.Hajek

Examples
data(oaxaca) #lLoads the Oaxaca municipalities dataset
pik.U <- Pk.PropNorm.U(373, oaxaca$HOMES@Q) #Reconstructs the 1st order incl. probs.
s <- oaxaca$sHOMES00Q #Defines the sample to be used
y1 <- oaxaca$POP10 #Defines the variable of interest y1
y2 <- oaxaca$POPMAL10 #Defines the variable of interest y2
X <- oaxaca$HOMES10 #Defines the variable of interest x
#This approximation is only suitable for large-entropy sampling designs
pikl.s <- Pkl.Hajek.s(pik.U[s==1]) #Approx. 2nd order incl. probs. from s

#Computes the var. est. of the corr. coeff. point estimator using y1
VE.Jk.CBS.SYG.Corr.Hajek(y1[s==1], x[s==1], pik.U[s==1], pikl.s)
#Computes the var. est. of the corr. coeff. point estimator using y2
VE.Jk.CBS.SYG.Corr.Hajek(y2[s==1], x[s==1], pik.U[s==1], pikl.s)

VE.Jk.CBS.SYG.Mean.Hajek
The Campbell-Berger-Skinner unequal probability jackknife variance
estimator for the Hajek (1971) estimator of a mean (Sen-Yates-Grundy

form)
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Description

Computes the Campbell(1980); Berger-Skinner(2005) unequal probability jackknife variance es-
timator for the Hajek estimator of a mean. It uses the Sen (1953); Yates-Grundy(1953) variance
form.

Usage
VE.Jk.CBS.SYG.Mean.Hajek(VecY.s, VecPk.s, MatPkl.s)

Arguments

VecY.s vector of the variable of interest; its length is equal to n, the sample size. Its
length has to be the same as that of VecPk.s. There must not be missing values.

VecPk.s vector of the first-order inclusion probabilities; its length is equal to n, the sam-
ple size. Values in VecPk.s must be greater than zero and less than or equal to
one. There must not be missing values.

MatPkl.s matrix of the second-order inclusion probabilities; its number of rows and columns
equals n, the sample size. Values in MatPkl.s must be greater than zero and less
than or equal to one. There must not be missing values.

Details

For the population mean of the variable y:
= >
Y= N Yk
keU

the approximately unbiased Hajek (1971) estimator of § is given by:

~ ZkES WrYk
YHajek =
ZkEs Wk

where wy, = 1/m, and 7, denotes the inclusion probability of the k-th element in the sample s.
The variance of §pqjer can be estimated by the Campbell(1980); Berger-Skinner(2005) unequal
probability jackknife variance estimator (implemented by the current function):

NN -1 Tl — TET]
V(yHajer) = > T(gk —a)?

kes les
where
e = (1 — W) (YHajek — YHajek(k))
with
- Wi
Wy = —=——
ZZES wi
and
i 0 = ZZES,l;ék wiyr
Hajek(k) = ~—~
Zles,l;ék wy

The Sen-Yates-Grundy form for the Campbell(1980); Berger-Skinner(2005) unequal probability
jackknife variance estimator is proposed in Escobar-Berger (2013) under less-restrictive regularity
conditions.
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Value

The function returns a value for the estimated variance.

Author(s)

Emilio Lopez Escobar.
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See Also

VE.Jk.Tukey.Mean.Hajek
VE.Jk.CBS.HT.Mean.Hajek
VE.Jk.B.Mean.Hajek
VE.Jk.EB.SW2.Mean.Hajek

Examples
data(oaxaca) #lLoads the Oaxaca municipalities dataset
pik.U <- Pk.PropNorm.U(373, oaxaca$HOMES@Q) #Reconstructs the 1st order incl. probs.
s <- oaxaca$sHOMES00Q #Defines the sample to be used
y1 <- oaxaca$POP10 #Defines the variable of interest y1
y2 <- oaxaca$POPMAL10@ #Defines the variable of interest y2
#This approximation is only suitable for large-entropy sampling designs
pikl.s <- Pkl.Hajek.s(pik.U[s==1]) #Approx. 2nd order incl. probs. from s

#Computes the var. est. of the Hajek mean point estimator using y1
VE.Jk.CBS.SYG.Mean.Hajek(y1[s==1], pik.U[s==1], pikl.s)
#Computes the var. est. of the Hajek mean point estimator using y2
VE.Jk.CBS.SYG.Mean.Hajek(y2[s==1], pik.U[s==1], pikl.s)



VE.Jk.CBS.SYG.Ratio 81

VE.Jk.CBS.SYG.Ratio The Campbell-Berger-Skinner unequal probability jackknife variance
estimator for the estimator of a ratio (Sen-Yates-Grundy form)

Description

Computes the Campbell(1980); Berger-Skinner(2005) unequal probability jackknife variance esti-
mator for the estimator of a ratio of two totals/means. It uses the Sen (1953); Yates-Grundy(1953)
variance form.

Usage

VE.Jk.CBS.SYG.Ratio(VecY.s, VecX.s, VecPk.s, MatPkl.s)

Arguments

VecY.s vector of the numerator variable of interest; its length is equal to n, the sample
size. Its length has to be the same as that of VecPk.s and VecX.s. There must
not be missing values.

VecX.s vector of the denominator variable of interest; its length is equal to n, the sample
size. Its length has to be the same as that of VecPk. s and VecY . s. There must not
be missing values. All values of VecX. s should be greater than zero. A warning
is displayed if this does not hold, and computations continue if mathematical
expressions allow this kind of values for the denominator variable.

VecPk.s vector of the first-order inclusion probabilities; its length is equal to n, the sam-
ple size. Values in VecPk.s must be greater than zero and less than or equal to
one. There must not be missing values.

MatPkl.s matrix of the second-order inclusion probabilities; its number of rows and columns
equals n, the sample size. Values in MatPkl.s must be greater than zero and less
than or equal to one. There must not be missing values.

Details

For the population ratio of two totals/means of the variables y and x:

_ ZkeU yr/N _ ZkeU Yk
Yrev TR/N  Yper Tr

R

the ratio estimator of R is given by:
ZkeS WrYk
2 kes WLk

where wy, = 1/, and 71, denotes the inclusion probability of the k-th element in the sample s. The
variance of R can be estimated by the Campbell(1980); Berger-Skinner(2005) unequal probability
jackknife variance estimator (implemented by the current function):

oy 1 Tkl — TR
V(R) = TZZ T(Ek - 61)2

kes les

‘é:
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where
er = (1) (R - Ry
with
S wg
e Dies Wi
and

_ Zles,l;ék wlyl/ZZES,lyék wq _ ZZGS,z;ek wiy
ZIES,Z;HC wizy/ Zles,l;ék wy Zl€s,l;£k: Wiy
The Sen-Yates-Grundy form for the Campbell(1980); Berger-Skinner(2005) unequal probability

jackknife variance estimator is proposed in Escobar-Berger (2013) under less-restrictive regularity
conditions.

R(k)

Value

The function returns a value for the estimated variance.

Author(s)

Emilio Lopez Escobar.
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See Also

VE.Lin.HT.Ratio
VE.Lin.SYG.Ratio
VE.Jk.Tukey.Ratio
VE.Jk.CBS.HT.Ratio
VE.Jk.B.Ratio
VE.Jk.EB.SW2.Ratio
VE.EB.HT.Ratio
VE.EB.SYG.Ratio
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Examples
data(oaxaca) #lLoads the Oaxaca municipalities dataset
pik.U <- Pk.PropNorm.U(373, oaxaca$HOMES@Q) #Reconstructs the 1st order incl. probs.
s <- oaxaca$sHOMESQQ #Defines the sample to be used for
y1 <- oaxaca$POP10 #Defines the numerator variable y1
y2 <- oaxaca$POPMAL19Q #Defines the numerator variable y2
X <- oaxaca$HOMES10 #Defines the denominator variable x
#This approximation is only suitable for large-entropy sampling designs
pikl.s <- Pkl.Hajek.s(pik.U[s==1]) #Approx. 2nd order incl. probs. from s

#Computes the var. est. of the ratio point estimator using y1
VE.Jk.CBS.SYG.Ratio(y1[s==1]1, x[s==1]1, pik.U[s==1], pikl.s)
#Computes the var. est. of the ratio point estimator using y2
VE.Jk.CBS.SYG.Ratio(y2[s==1]1, x[s==1]1, pik.U[s==1], pikl.s)

VE.Jk.CBS.SYG.RegCo.Hajek
The Campbell-Berger-Skinner unequal probability jackknife variance
estimator for the estimator of the regression coefficient using the Hajek
point estimator (Sen-Yates-Grundy form)

Description

Computes the Campbell(1980); Berger-Skinner(2005) unequal probability jackknife variance esti-
mator for the estimator of the regression coefficient using the Hajek (1971) point estimator. It uses
the Sen (1953); Yates-Grundy(1953) variance form.

Usage

VE.Jk.CBS.SYG.RegCo.Hajek(VecY.s, VecX.s, VecPk.s, MatPkl.s)

Arguments

VecY.s vector of the variable of interest Y; its length is equal to n, the sample size. Its
length has to be the same as that of VecPk.s and VecX.s. There must not be
missing values.

VecX.s vector of the variable of interest X; its length is equal to n, the sample size. Its
length has to be the same as that of VecPk.s and VecY.s. There must not be
missing values.

VecPk.s vector of the first-order inclusion probabilities; its length is equal to n, the sam-
ple size. Values in VecPk.s must be greater than zero and less than or equal to
one. There must not be missing values.

MatPkl.s matrix of the second-order inclusion probabilities; its number of rows and columns

equals n, the sample size. Values in MatPkl.s must be greater than zero and less
than or equal to one. There must not be missing values.
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Details
From Linear Regression Analysis, for an imposed population model
y=a+ px

the population regression coefficient /3, assuming that the population size N is unknown (see Sarn-
dal et al., 1992, Sec. 5.10), can be estimated by:

Zkes wy (Y — Z?Hajek)(fk - t%Hajek)
> kes Wk(Tk = THajer)?

BHajek =

where g?Hajek and & Hajek are the Hajek (1971) point estimators of the population means § =
Ny coyeandz = N1 Y0, ) ay, respectively,

~ ZkES WEYk
YHajek =
Zkes Wk

- _ Dkes WETK
THajek = ~—~
Zkes Wk

and wy = 1/m with 75 denoting the inclusion probability of the k-th element in the sample s.
The variance of Bpqjer can be estimated by the Campbell(1980); Berger-Skinner(2005) unequal
probability jackknife variance estimator (implemented by the current function):

IS -1 Tel — ML
V(BHagjek) = > ZZ T(Ek —a)’

kes les
where
er = (1 —wg) <5Hajek - ﬁHajek-(k))
with
- Wi
Wy = =
2165 wy

and where B Hagjek(k) has the same functional form as B Hajek but omitting the k-th element from
the sample s. The Sen-Yates-Grundy form for the Campbell(1980); Berger-Skinner(2005) unequal
probability jackknife variance estimator is proposed in Escobar-Berger (2013) under less-restrictive
regularity conditions.

Value

The function returns a value for the estimated variance.

Author(s)

Emilio Lopez Escobar.
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See Also

VE.Jk.CBS.SYG.RegCoIl.Hajek
VE.Jk.Tukey.RegCo.Hajek
VE.Jk.CBS.HT.RegCo.Hajek
VE.Jk.B.RegCo.Hajek
VE.Jk.EB.SW2.RegCo.Hajek

Examples
data(oaxaca) #Loads the Oaxaca municipalities dataset
pik.U <- Pk.PropNorm.U(373, oaxaca$HOMES@Q) #Reconstructs the 1st order incl. probs.
s <- oaxaca$sHOMES00Q #Defines the sample to be used
y1 <- oaxaca$POP10 #Defines the variable of interest y1
y2 <- oaxaca$POPMAL10 #Defines the variable of interest y2
X <- oaxaca$HOMES10@ #Defines the variable of interest x
#This approximation is only suitable for large-entropy sampling designs
pikl.s <- Pkl.Hajek.s(pik.U[s==1]) #Approx. 2nd order incl. probs. from s

#Computes the var. est. of the regression coeff. point estimator using y1l
VE.Jk.CBS.SYG.RegCo.Hajek(y1[s==1], x[s==1], pik.U[s==1], pikl.s)
#Computes the var. est. of the regression coeff. point estimator using y2
VE.Jk.CBS.SYG.RegCo.Hajek(y2[s==11, x[s==1]1, pik.U[s==1], pikl.s)

VE.Jk.CBS.SYG.RegCoI.Hajek
The Campbell-Berger-Skinner unequal probability jackknife variance
estimator for the estimator of the intercept regression coefficient using
the Hajek point estimator (Sen-Yates-Grundy form)
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Description

Computes the Campbell(1980); Berger-Skinner(2005) unequal probability jackknife variance esti-
mator for the estimator of the intercept regression coefficient using the Hajek (1971) point estimator.
It uses the Sen (1953); Yates-Grundy(1953) variance form.

Usage
VE.Jk.CBS.SYG.RegCoI.Hajek(VecY.s, VecX.s, VecPk.s, MatPkl.s)

Arguments

VecY.s vector of the variable of interest Y; its length is equal to n, the sample size. Its
length has to be the same as that of VecPk.s and VecX.s. There must not be
missing values.

VecX.s vector of the variable of interest X; its length is equal to n, the sample size. Its
length has to be the same as that of VecPk.s and VecY.s. There must not be
missing values.

VecPk.s vector of the first-order inclusion probabilities; its length is equal to n, the sam-
ple size. Values in VecPk.s must be greater than zero and less than or equal to
one. There must not be missing values.

MatPkl.s matrix of the second-order inclusion probabilities; its number of rows and columns
equals n, the sample size. Values in MatPkl.s must be greater than zero and less
than or equal to one. There must not be missing values.

Details

From Linear Regression Analysis, for an imposed population model
y=a+fx

the population intercept regression coefficient o, assuming that the population size IV is unknown
(see Sarndal et al., 1992, Sec. 5.10), can be estimated by:

ZkES wk(yk - f’Hajek)(CCk - Q_A:Ha,jek) ~
= 2 THajek
> kes Wk(Tk — THajek)

dHajek = gHajek -

where ngajek and 2 Hajek are the Hajek (1971) point estimators of the population means § =
Ny coywandz = N1 5", 0 ay, respectively,

N _ Dkes WU
YHajek = Z
kes Wk
2 _ ZkES WkTk
THajek = ~—~
ZkES Wk

and wy = 1/m with 7 denoting the inclusion probability of the k-th element in the sample s.
The variance of &g er can be estimated by the Campbell(1980); Berger-Skinner(2005) unequal
probability jackknife variance estimator (implemented by the current function):

L —1 Tkl — TkT
V(GHajer) = = Yy F—— (e —a)’
kes les Tkl
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where
ex = (1 — W) (GHajek — AHajer(r))
with
o wy
e Dles Wi

and where &g e (k) has the same functional form as & g gjex but omitting the k-th element from
the sample s. The Sen-Yates-Grundy form for the Campbell(1980); Berger-Skinner(2005) unequal
probability jackknife variance estimator is proposed in Escobar-Berger (2013) under less-restrictive
regularity conditions.

Value

The function returns a value for the estimated variance.
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Examples
data(oaxaca) #Loads the Oaxaca municipalities dataset
pik.U <- Pk.PropNorm.U(373, oaxaca$HOMES@Q) #Reconstructs the 1st order incl. probs.
s <- oaxaca$sHOMESQ0 #Defines the sample to be used
y1 <- oaxaca$POP10 #Defines the variable of interest y1
y2 <- oaxaca$POPMAL10@ #Defines the variable of interest y2
X <- oaxaca$HOMES10 #Defines the variable of interest x
#This approximation is only suitable for large-entropy sampling designs
pikl.s <- Pkl.Hajek.s(pik.U[s==1]) #Approx. 2nd order incl. probs. from s

#Computes the var. est. of the intercept reg. coeff. point estimator using y1
VE.Jk.CBS.SYG.RegCoI.Hajek(y1[s==1], x[s==1], pik.U[s==1], pikl.s)
#Computes the var. est. of the intercept reg. coeff. point estimator using y2
VE.Jk.CBS.SYG.RegCoI.Hajek(y2[s==1], x[s==1], pik.U[s==1], pikl.s)

VE.Jk.CBS.SYG.Total.Hajek
The Campbell-Berger-Skinner unequal probability jackknife variance
estimator for the Hajek (1971) estimator of a total (Sen-Yates-Grundy
form)

Description

Computes the Campbell(1980); Berger-Skinner(2005) unequal probability jackknife variance es-
timator for the Hajek estimator of a total. It uses the Sen (1953); Yates-Grundy(1953) variance
form.

Usage

VE.Jk.CBS.SYG.Total.Hajek(VecY.s, VecPk.s, MatPkl.s, N)

Arguments

VecY.s vector of the variable of interest; its length is equal to n, the sample size. Its
length has to be the same as that of VecPk.s. There must not be missing values.

VecPk.s vector of the first-order inclusion probabilities; its length is equal to n, the sam-
ple size. Values in VecPk.s must be greater than zero and less than or equal to
one. There must not be missing values.

MatPkl.s matrix of the second-order inclusion probabilities; its number of rows and columns
equals n, the sample size. Values in MatPkl.s must be greater than zero and less
than or equal to one. There must not be missing values.

N the population size. It must be an integer or a double-precision scalar with zero-

valued fractional part.
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Details
For the population total of the variable y:
b= u
keU

the approximately unbiased Hajek (1971) estimator of ¢ is given by:

D kes WkYk
Zkes Wy,

where wy, = 1/, and 7, denotes the inclusion probability of the k-th element in the sample s.
The variance of ¢ Hajek can be estimated by the Campbell(1980); Berger-Skinner(2005) unequal
probability jackknife variance estimator (implemented by the current function):

A -1 Tl — TR
V(tHajek) = 5 ZZ %(Ek - 51)2

2€Hajelc =N

kes les
where
L = (1 - ’UDk) (tHajek - tHajek(k))
with
W = _ Wk
ZZES wy
and
~ o Eleal#k Wiy
tHajek(k) = N——"—
ZlES,l?ék wi

The Sen-Yates-Grundy form for the Campbell(1980); Berger-Skinner(2005) unequal probability
jackknife variance estimator is proposed in Escobar-Berger (2013) under less-restrictive regularity
conditions.

Value

The function returns a value for the estimated variance.

Author(s)

Emilio Lopez Escobar.
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See Also

VE.Jk.Tukey.Total.Hajek
VE.Jk.CBS.HT.Total.Hajek
VE.Jk.B.Total.Hajek
VE.Jk.EB.SW2.Total.Hajek

Examples
data(oaxaca) #Loads the Oaxaca municipalities dataset
pik.U <- Pk.PropNorm.U(373, oaxaca$HOMES@Q) #Reconstructs the 1st order incl. probs.
s <- oaxaca$sHOMES00Q #Defines the sample to be used
N <- dim(oaxaca)[1] #Defines the population size
y1 <- oaxaca$POP10 #Defines the variable of interest y1
y2 <- oaxaca$POPMAL10@ #Defines the variable of interest y2
#This approximation is only suitable for large-entropy sampling designs
pikl.s <- Pkl.Hajek.s(pik.U[s==1]) #Approx. 2nd order incl. probs. from s

#Computes the var. est. of the Hajek total point estimator using y1
VE.Jk.CBS.SYG.Total.Hajek(y1[s==1], pik.U[s==1], pikl.s, N)
#Computes the var. est. of the Hajek total point estimator using y2
VE.Jk.CBS.SYG.Total.Hajek(y2[s==1], pik.U[s==1], pikl.s, N)

VE.Jk.EB.SW2.Corr.Hajek
The self-weighted two-stage sampling Escobar-Berger (2013) jack-
knife variance estimator for the estimator of a correlation coefficient
using the Hajek point estimator

Description

Computes the self-weighted two-stage sampling Escobar-Berger (2013) jackknife variance esti-
mator for the estimator of a correlation coefficient of two variables using the Hajek (1971) point
estimator.

Usage

VE.Jk.EB.SW2.Corr.Hajek(VecY.s, VecX.s, VecPk.s, nII, VecPi.s,
VecCluLab.s, VecCluSize.s)



VE.Jk.EB.SW2.Corr.Hajek 91

Arguments

VecY.s vector of the variable of interest Y; its length is equal to n, the total sample size.
Its length has to be the same as that of VecPk. s and VecX.s. There must not be
missing values.

VecX.s vector of the variable of interest X; its length is equal to n, the total sample size.
Its length has to be the same as that of VecPk. s and VecY.s. There must not be
missing values.

VecPk.s vector of the elements’ first-order inclusion probabilities; its length is equal to
n, the total sample size. Values in VecPk.s must be greater than zero and less
than or equal to one. There must not be missing values.

nlI the second stage sample size, i.e., the fixed number of ultimate sampling units
selected within each cluster. Its size must be less than or equal to the minimum
cluster size in the sample.

VecPi.s vector of the clusters’ first-order inclusion probabilities; its length is equal to n,
the total sample size. Hence values are expected to be repeated in the utilised
sample dataset. Values in VecPi.s must be greater than zero and less than or
equal to one. There must not be missing values.

VecClulLab.s vector of the clusters’ labels for the elements; its length is equal to n, the total
sample size. The labels must be integer numbers.

VecCluSize.s vector of the clusters’ sizes; its length is equal to n, the total sample size. Hence
values are expected to be repeated in the utilised sample dataset. None of the
sizes must be smaller than nII.

Details

For the population correlation coefficient of two variables y and z:

_ Prev Wk — 9)(zx — T)
Vewev Wk — 02> per (e — )2

the point estimator of C, assuming that /N is unknown (see Sarndal et al., 1992, Sec. 5.9), is:

C

A Zk:ES wk(yk - ?Hajek)(xk - i‘Hajek:)
C(Hajek = - =
\/ZkeS wi(Yr — gHajek)Q\/Ekes W (Tk — THajek)?

where Ypajer is the Hajek (1971) point estimator of the population meany = N =1 Y rev Yk

~ ZkES WrYk
YHajek = —~—~
ZkEs Wi

and wy, = 1/, with 7, denoting the inclusion probability of the k-th element in the sample s. If s
is a self-weighted two-stage sample, the variance of C'y 4, can be estimated by the Escobar-Berger
(2013) jackknife variance estimator (implemented by the current function):

V(éHajek> = Velu + Vobs

2
. 1
Verw = Y (1= 75;)sCriy — 3 (E (1- Tm)<(u>>

1€ES 1€ES
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Vobs = Z ¢k€%k)

kes

where d = Zies(l — 7T[Z‘), d)]c = I{k/’ € Si}ﬂ'}ki(Mi — n[[)/(Mi — 1), 7T?Z- = W]in[[(Mi —
1)/(nrr — 1)M;, with s; denoting the sample elements from the i-th cluster, I{k € s;} is an
indicator that takes the value 1 if the k-th observation is within the i-th cluster and 0 otherwise, 7y;
is the inclusion probability of the i-th cluster in the sample s, M; is the size of the ¢-th cluster, nyy
is the sample size within each cluster, n; is the number of sampled clusters, and where

nr—1, A
! (CHajek — CHajek(ri))

S(1i) = ny

n—1, 4 A
(CHajek — CHajek(k))

Ek) =

where C‘Hajek(”) and C’Hajek(k.) have the same functional form as C’Hajek but omitting the ¢-th
cluster and the k-th element, respectively, from the sample s. Note that this variance estimator
implicitly utilises the Hajek (1964) approximations that are designed for large-entropy sampling
designs, large samples, and large populations, i.e., care should be taken with highly-stratified sam-
ples, e.g. Berger (2005).

Value

The function returns a value for the estimated variance.

Author(s)

Emilio Lopez Escobar.

References
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Hajek, J. (1964) Asymptotic theory of rejective sampling with varying probabilities from a finite
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Hajek, J. (1971) Comment on An essay on the logical foundations of survey sampling by Basu, D. in
Foundations of Statistical Inference (Godambe, V.P. and Sprott, D.A. eds.), p. 236. Holt, Rinehart
and Winston.
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Verlag, Inc.

See Also

VE.Jk.Tukey.Corr.Hajek
VE.Jk.CBS.HT.Corr.Hajek
VE.Jk.CBS.SYG.Corr.Hajek
VE.Jk.B.Corr.Hajek
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Examples
data(oaxaca)
s <-
SampData <-
nII <-
CluLab.s <-

CluSize.s <-
pili.s <-

pik.s <-
yl.s <-
y2.s <-
X.S <-

oaxaca$sSW_10_3
oaxacal[s==1, ]
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#Loads the Oaxaca municipalities dataset

#Defines
#Defines

the sample to be used
the sample dataset

3 #Defines the 2nd stage fixed sample size
SampData$IDDISTRI #Defines the clusters' labels
SampData$SIZEDIST #Defines the clusters' sizes

(10 % CluSize.s / 570)
pili.s * (nII/CluSize.s)

#Reconstructs clusters' 1st order incl. probs.
#Reconstructs elements' 1st order incl. probs.

SampData$POP10 #Defines the variable y1
SampData$POPMAL10 #Defines the variable y2
SampData$HOMES10 #Defines the variable x

#Computes the var. est. of the corr. coeff. point estimator using y1
VE.Jk.EB.SW2.Corr.Hajek(yl.s, x.s, pik.s, nII, pili.s, CluLab.s, CluSize.s)
#Computes the var. est. of the corr. coeff. point estimator using y2
VE.Jk.EB.SW2.Corr.Hajek(y2.s, x.s, pik.s, nII, pili.s, CluLab.s, CluSize.s)

VE.Jk.EB.SW2.Mean.Hajek
The self-weighted two-stage sampling Escobar-Berger (2013) jack-
knife variance estimator for the Hajek (1971) estimator of a mean

Description

Computes the self-weighted two-stage sampling Escobar-Berger (2013) jackknife variance estima-
tor for the Hajek estimator of a mean.

Usage

VE.Jk.EB.SW2.Mean.Hajek(VecY.s, VecPk.s, nII, VecPi.s,
VecCluLab.s, VecCluSize.s)

Arguments

VecY.s

VecPk.s

nlI

VecPi.s

vector of the variable of interest; its length is equal to n, the total sample size.
Its length has to be the same as that of VecPk.s. There must not be missing
values.

vector of the elements’ first-order inclusion probabilities; its length is equal to
n, the total sample size. Values in VecPk.s must be greater than zero and less
than or equal to one. There must not be missing values.

the second stage sample size, i.e., the fixed number of ultimate sampling units
selected within each cluster. Its size must be less than or equal to the minimum
cluster size in the sample.

vector of the clusters’ first-order inclusion probabilities; its length is equal to n,
the total sample size. Hence values are expected to be repeated in the utilised
sample dataset. Values in VecPi.s must be greater than zero and less than or
equal to one. There must not be missing values.
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VecClulLab.s vector of the clusters’ labels for the elements; its length is equal to n, the total
sample size. The labels must be integer numbers.

VecCluSize.s  vector of the clusters’ sizes; its length is equal to n, the total sample size. Hence
values are expected to be repeated in the utilised sample dataset. None of the
sizes must be smaller than nII.

Details

For the population mean of the variable y:
1
Yy= N Z Yk
keU
the approximately unbiased Hajek (1971) estimator of ¢ is given by:

~ Zkes wkyk
YHajek = ~—
ZkES Wk

where wy, = 1/7, and 7, denotes the inclusion probability of the k-th element in the sample s. If s
is a self-weighted two-stage sample, the variance of §z4;cx can be estimated by the Escobar-Berger
(2013) jackknife variance estimator (implemented by the current function):

V(ZjHajek) = VUelu + Vobs

2
. 1
Velu = E (1= 77:)stray — 7 (E (11— 7Tu)€(u)>

1€Es 1€ES

Vobs = Z ¢k€(2k)

kes

where d = ZiES(l — ﬂ'[i), Or = I{k € Si}ﬂ'}‘i(Mi — nu)/(M,; — 1), W?i = TI'[,;TL[[(Mi —
1)/(nrr — 1)M;, with s; denoting the sample elements from the i-th cluster, I{k € s;} is an
indicator that takes the value 1 if the k-th observation is within the i-th cluster and 0 otherwise, 7y;
is the inclusion probability of the i-th cluster in the sample s, M; is the size of the ¢-th cluster, n;;
is the sample size within each cluster, n; is the number of sampled clusters, and where

nr— 1 ~ ~
S(ri) = TI(yHajek - yHajek(Ii))

n—1 . N
Ek) = — (YHajek — YHajek(k))

where g qjer(ri) and Y ajer(x) have the same functional form as iz qjex but omitting the i-th clus-
ter and the k-th element, respectively, from the sample s. Note that this variance estimator implicitly
utilises the Hajek (1964) approximations that are designed for large-entropy sampling designs, large
samples, and large populations, i.e., care should be taken with highly-stratified samples, e.g. Berger
(2005).

Value

The function returns a value for the estimated variance.
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Author(s)

Emilio Lopez Escobar.
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See Also

VE.Jk.Tukey.Mean.Hajek
VE.Jk.CBS.HT.Mean.Hajek
VE.Jk.CBS.SYG.Mean.Hajek
VE.Jk.B.Mean.Hajek

Examples
data(oaxaca)
s <- oaxaca$sSW_10_3
SampData <- oaxacal[s==1, ]
nII <- 3

CluLab.s <- SampData$IDDISTRI
CluSize.s <- SampData$SIZEDIST
pili.s <- (10 * CluSize.s / 570)

pik.s <- pili.s * (nII/CluSize.s)
yl.s <- SampData$POP10
y2.s <- SampData$POPMAL10

#lLoads the Oaxaca municipalities dataset
#Defines the sample to be used

#Defines the sample dataset

#Defines the 2nd stage fixed sample size
#Defines the clusters' labels

#Defines the clusters' sizes

#Reconstructs clusters' 1st order incl. probs.
#Reconstructs elements' 1st order incl. probs.
#Defines the variable of interest y1

#Defines the variable of interest y2

#Computes the var. est. of the Hajek mean point estimator using y1
VE.Jk.EB.SW2.Mean.Hajek(yl.s, pik.s, nII, pili.s, CluLab.s, CluSize.s)
#Computes the var. est. of the Hajek mean point estimator using y2
VE.Jk.EB.SW2.Mean.Hajek(y2.s, pik.s, nII, pili.s, CluLab.s, CluSize.s)

VE.Jk.EB.SW2.Ratio The self-weighted two-stage sampling Escobar-Berger (2013) jack-
knife variance estimator for the estimator of a ratio

Description

Computes the self-weighted two-stage sampling Escobar-Berger (2013) jackknife variance estima-
tor for the estimator of a ratio of two totals/means.
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Usage

VE.Jk.EB.SW2.Ratio

VE.Jk.EB.SW2.Ratio(VecY.s, VecX.s, VecPk.s, nII, VecPi.s,

Arguments

VecY.s

VecX.s

VecPk.s

nII

VecPi.s

VecCluLab.s

VecCluSize.s

Details

VecCluLab.s, VecCluSize.s)

vector of the numerator variable of interest; its length is equal to n, the total
sample size. Its length has to be the same as that of VecPk. s and VecX.s. There
must not be missing values.

vector of the denominator variable of interest; its length is equal to n, the total
sample size. Its length has to be the same as that of VecPk.s and VecY.s.
There must not be missing values. All values of VecX.s should be greater than
zero. A warning is displayed if this does not hold, and computations continue if
mathematical expressions allow this kind of values for the denominator variable.

vector of the elements’ first-order inclusion probabilities; its length is equal to
n, the total sample size. Values in VecPk.s must be greater than zero and less
than or equal to one. There must not be missing values.

the second stage sample size, i.e., the fixed number of ultimate sampling units
selected within each cluster. Its size must be less than or equal to the minimum
cluster size in the sample.

vector of the clusters’ first-order inclusion probabilities; its length is equal to n,
the total sample size. Hence values are expected to be repeated in the utilised
sample dataset. Values in VecPi.s must be greater than zero and less than or
equal to one. There must not be missing values.

vector of the clusters’ labels for the elements; its length is equal to n, the total
sample size. The labels must be integer numbers.

vector of the clusters’ sizes; its length is equal to n, the total sample size. Hence
values are expected to be repeated in the utilised sample dataset. None of the
sizes must be smaller than nII.

For the population ratio of two totals/means of the variables y and x:

_ ZkeU yr/N _ ZkeU Yk
ZkeU zi /N ZkeU Tk

R

the ratio estimator of R is given by:

Zkés WrYk

E =
> kes Wkik

where wy = 1/m), and 7;, denotes the inclusion probability of the k-th element in the sample s. If
s is a self-weighted two-stage sample, the variance of R can be estimated by the Escobar-Berger
(2013) jackknife variance estimator (implemented by the current function):

V(]%) = VUclu + Vobs
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2
. 1
Vel = E (1 —773)sCry — 3 ( E (1— 7r17:)§(1i))

1€ES 1€ES

Vobs = Z sté‘?k)

kes

where d = ZiEs(]‘ — 71'[1'), Or = I{k’ € Si}’/T}ki(Mi — n]])/(Ml — 1), W?i = ’/T[Z'TL[[(MZ' —
1)/(nrr — 1)M;, with s; denoting the sample elements from the i-th cluster, [{k € s;} is an
indicator that takes the value 1 if the k-th observation is within the i-th cluster and O otherwise, 7p;
is the inclusion probability of the i-th cluster in the sample s, M; is the size of the ¢-th cluster, n;
is the sample size within each cluster, n; is the number of sampled clusters, and where

nr—1 - N
L™ 2(R - Ru)

S = nr

ew = (R — R

where ]A%( 14y and R( %) have the same functional form as R but omitting the ¢-th cluster and the k-th
element, respectively, from the sample s. Note that this variance estimator implicitly utilises the
Hajek (1964) approximations that are designed for large-entropy sampling designs, large samples,
and large populations, i.e., care should be taken with highly-stratified samples, e.g. Berger (2005).

Value

The function returns a value for the estimated variance.

Author(s)

Emilio Lopez Escobar.

References

Berger, Y. G. (2005) Variance estimation with highly stratified sampling designs with unequal prob-
abilities. Australian & New Zealand Journal of Statistics, 47, 365-373.

Escobar, E. L. and Berger, Y. G. (2013) A jackknife variance estimator for self-weighted two-stage
samples. Statistica Sinica, 23, 595-613.

Hajek, J. (1964) Asymptotic theory of rejective sampling with varying probabilities from a finite
population. The Annals of Mathematical Statistics, 35, 4, 1491-1523.

See Also

VE.Jk.Tukey.Ratio
VE.Jk.CBS.HT.Ratio
VE.Jk.CBS.SYG.Ratio
VE.Jk.B.Ratio
VE.EB.HT.Ratio
VE.EB.SYG.Ratio
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Examples
data(oaxaca)
s <-
SampData <-
nII <-
CluLab.s <-

CluSize.s <-
pili.s <-

pik.s <-
yl.s <-
y2.s <-
X.S <-

oaxaca$sSW_10_3
oaxacal[s==1, ]

VE.Jk.EB.SW2.RegCo.Hajek

#Loads the Oaxaca municipalities dataset

#Defines
#Defines

the sample to be used
the sample dataset

3 #Defines the 2nd stage fixed sample size
SampData$IDDISTRI #Defines the clusters' labels
SampData$SIZEDIST #Defines the clusters' sizes

(10 % CluSize.s / 570)
pili.s * (nII/CluSize.s)

#Reconstructs clusters' 1st order incl. probs.
#Reconstructs elements' 1st order incl. probs.

SampData$POP10@ #Defines the numerator variable y1
SampData$POPMAL10 #Defines the numerator variable y2
SampData$HOMES10 #Defines the denominator variable x

#Computes the var. est. of the ratio point estimator using y1
VE.Jk.EB.SW2.Ratio(yl.s, x.s, pik.s, nII, pili.s, CluLab.s, CluSize.s)
#Computes the var. est. of the ratio point estimator using y2
VE.Jk.EB.SW2.Ratio(y2.s, x.s, pik.s, nII, pili.s, CluLab.s, CluSize.s)

VE.Jk.EB.SW2.RegCo.Hajek
The self-weighted two-stage sampling Escobar-Berger (2013) jack-
knife variance estimator for the estimator of the regression coefficient
using the Hajek point estimator

Description

Computes the self-weighted two-stage sampling Escobar-Berger (2013) jackknife variance estima-
tor for the estimator of the regression coefficient using the Hajek (1971) point estimator.

Usage

VE.Jk.EB.SW2.RegCo.Hajek(VecY.s, VecX.s, VecPk.s, nII, VecPi.s,
VecCluLab.s, VecCluSize.s)

Arguments

VecY.s

VecX.s

VecPk.s

nII

vector of the variable of interest Y; its length is equal to n, the total sample size.
Its length has to be the same as that of VecPk. s and VecX.s. There must not be
missing values.

vector of the variable of interest X; its length is equal to n, the total sample size.
Its length has to be the same as that of VecPk.s and VecY.s. There must not be
missing values.

vector of the elements’ first-order inclusion probabilities; its length is equal to
n, the total sample size. Values in VecPk.s must be greater than zero and less
than or equal to one. There must not be missing values.

the second stage sample size, i.e. the fixed number of ultimate sampling units
that were selected within each cluster. Its size must be less than or equal to the
minimum cluster size in the sample.
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VecPi.s vector of the clusters’ first-order inclusion probabilities; its length is equal to n,
the total sample size. Hence values are expected to be repeated in the utilised
sample dataset. Values in VecPi.s must be greater than zero and less than or
equal to one. There must not be missing values.

VecCluLab.s vector of the clusters’ labels for the elements; its length is equal to n, the total
sample size. The labels must be integer numbers.

VecCluSize.s vector of the clusters’ sizes; its length is equal to n, the total sample size. Hence
values are expected to be repeated in the utilised sample dataset. None of the
sizes must be smaller than nII.

Details
From Linear Regression Analysis, for an imposed population model
y=a+pz

the population regression coefficient /3, assuming that the population size N is unknown (see Sarn-
dal et al., 1992, Sec. 5.10), can be estimated by:

ZkES wk(yk - ?jHajek)(xk - i‘Hajek)
ZkeS wk(gjk - i’H(zjek)z

@Hajek =

where ﬁHajek and T Hajek are the Hajek (1971) point estimators of the population means § =
Ny coywandz = N1 3", 0 ay, respectively,

A ks WhYK

YHajek = Z Wy
kes

A Dkes WhTk

LHajek = Z Wy
kes

and wy, = 1/m with 7, denoting the inclusion probability of the k-th element in the sample s. If s
is a self-weighted two-stage sample, the variance of B, jer can be estimated by the Escobar-Berger
(2013) jackknife variance estimator (implemented by the current function):

V(BHajek) = Vclu 1 Vobs

2
. 1
Velu = E (1= 77:)striy — 7 (E (11— WIi)gUl’))

i€Ss i€s

Vobs = Z ¢k5%k)

kes

where d = ZiES(l — 7'(']1'), O = I{k? S Si}TFB(Mi — TL[])/(MZ‘ — 1), W?i = TF[in][(Mi —
1)/(nrr — 1)M;, with s; denoting the sample elements from the i-th cluster, I{k € s;} is an
indicator that takes the value 1 if the k-th observation is within the i-th cluster and 0 otherwise, 7y;
is the inclusion probability of the i-th cluster in the sample s, M; is the size of the ¢-th cluster, nyr
is the sample size within each cluster, ny is the number of sampled clusters, and where

nr— 1, - ~
(BHajek - ﬁHajek(Ii))

S(1i) =
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n—1

k) =

7(3Hajek - BHajek’(k))

where BHajek(”) and BHajek(k) have the same functional form as BHajek but omitting the ¢-th clus-
ter and the k-th element, respectively, from the sample s. Note that this variance estimator implicitly
utilises the Hajek (1964) approximations that are designed for large-entropy sampling designs, large
samples, and large populations, i.e., care should be taken with highly-stratified samples, e.g. Berger

(2005).

Value

The function returns a value for the estimated variance.

Author(s)

Emilio Lopez Escobar.
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See Also

VE.Jk.EB.SW2.RegCoI.Hajek
VE.Jk.Tukey.RegCo.Hajek
VE.Jk.CBS.HT.RegCo.Hajek
VE.Jk.CBS.SYG.RegCo.Hajek
VE.Jk.B.RegCo.Hajek

Examples

data(oaxaca)
s <-
SampData <-
nII <-
CluLab.s <-
CluSize.s <-
pili.s <-
pik.s <-
yl.s <-

oaxaca$sSW_10_3
oaxacal[s==1, ]

3

SampData$IDDISTRI
SampData$SIZEDIST

(10 * CluSize.s / 570)
pili.s * (nII/CluSize.s)
SampData$POP10

#lLoads the Oaxaca municipalities dataset
#Defines the sample to be used

#Defines the sample dataset

#Defines the 2nd stage fixed sample size
#Defines the clusters' labels

#Defines the clusters' sizes

#Reconstructs clusters' 1st order incl. probs.
#Reconstructs elements' 1st order incl. probs.
#Defines the variable y1
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y2.s <- SampData$POPMAL10Q #Defines the variable y2

X.S <- SampData$HOMES10 #Defines the variable x

#Computes the var. est. of the regression coeff. point estimator using y1l
VE.Jk.EB.SW2.RegCo.Hajek(yl.s, x.s, pik.s, nII, pili.s, CluLab.s, CluSize.s)
#Computes the var. est. of the regression coeff. point estimator using y2
VE.Jk.EB.SW2.RegCo.Hajek(y2.s, x.s, pik.s, nII, pili.s, CluLab.s, CluSize.s)

VE.Jk.EB.SW2.RegCoI.Hajek

The self-weighted two-stage sampling Escobar-Berger (2013) jack-
knife variance estimator for the estimator of the intercept regression
coefficient using the Hajek point estimator

Description

Computes the self-weighted two-stage sampling Escobar-Berger (2013) jackknife variance estima-
tor for the estimator of the intercept regression coefficient using the Hajek (1971) point estimator.

Usage

VE.Jk.EB.SW2.RegCoI.Hajek(VecY.s, VecX.s, VecPk.s, nII, VecPi.s,

Arguments

VecY.s

VecX.s

VecPk.s

nII

VecPi.s

VecClulLab.s

VecCluSize.s

VecCluLab.s, VecCluSize.s)

vector of the variable of interest Y; its length is equal to n, the total sample size.
Its length has to be the same as that of VecPk. s and VecX.s. There must not be
missing values.

vector of the variable of interest X its length is equal to n, the total sample size.
Its length has to be the same as that of VecPk.s and VecY.s. There must not be
missing values.

vector of the elements’ first-order inclusion probabilities; its length is equal to
n, the total sample size. Values in VecPk.s must be greater than zero and less
than or equal to one. There must not be missing values.

the second stage sample size, i.e. the fixed number of ultimate sampling units
that were selected within each cluster. Its size must be less than or equal to the
minimum cluster size in the sample.

vector of the clusters’ first-order inclusion probabilities; its length is equal to n,
the total sample size. Hence values are expected to be repeated in the utilised
sample dataset. Values in VecPi.s must be greater than zero and less than or
equal to one. There must not be missing values.

vector of the clusters’ labels for the elements; its length is equal to n, the total
sample size. The labels must be integer numbers.

vector of the clusters’ sizes; its length is equal to n, the total sample size. Hence
values are expected to be repeated in the utilised sample dataset. None of the
sizes must be smaller than nII.
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Details
From Linear Regression Analysis, for an imposed population model
y=a-+ px

the population intercept regression coefficient o, assuming that the population size IV is unknown
(see Sarndal et al., 1992, Sec. 5.10), can be estimated by:

> wes WUk — YHajer) Tk — THajek) ~
= 2 THajek
Y kes Wk(Th — THajek)

dHajek = gHajek -

where ngajek and T Hajek are the Hajek (1971) point estimators of the population means § =
N 'Y coywandz = N"15", o xp, respectively,

o _ > kes WkYk
YHajek = 27
kes Wk
2o _ Zkes wkwk
THajek =
ZkES Wk

and wy, = 1/m with 75, denoting the inclusion probability of the k-th element in the sample s. If s
is a self-weighted two-stage sample, the variance of &1 can be estimated by the Escobar-Berger
(2013) jackknife variance estimator (implemented by the current function):

V(dHajek) = Vclu + Vobs

2
. 1
Velu = Z(l — T1)SCr) — 3 (Z(l - 7TIi)§(Ii)>

i1€Ss 1€ES

Vobs = Z ¢k€?k)

kes

where d = Zies(l — 7T[i), qbk = I{k € Sl}ﬂ'}kl(MZ — TL[[)/(MZ — 1), W?i = 7r1m11(Mi —
1)/(nrr — 1)M;, with s; denoting the sample elements from the i-th cluster, I{k € s;} is an
indicator that takes the value 1 if the k-th observation is within the i-th cluster and 0 otherwise, 7y;
is the inclusion probability of the i-th cluster in the sample s, M; is the size of the ¢-th cluster, ny
is the sample size within each cluster, n; is the number of sampled clusters, and where

n1—1

(GHajek — QHajek(Ii))

S(Ii) =
n—1,, R
E(k) = T(aHajek - OéHajek(k‘))

where Qprajer(ri) and g er(x) have the same functional form as & pgqjex but omitting the i-th
cluster and the k-th element, respectively, from the sample s. Note that this variance estimator
implicitly utilises the Hajek (1964) approximations that are designed for large-entropy sampling
designs, large samples, and large populations, i.e., care should be taken with highly-stratified sam-
ples, e.g. Berger (2005).

Value

The function returns a value for the estimated variance.
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Author(s)
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See Also

VE.Jk.EB.SW2.RegCo.Hajek
VE.Jk.Tukey.RegCol.Hajek
VE.Jk.CBS.HT.RegCoI.Hajek
VE.Jk.CBS.SYG.RegCoI.Hajek
VE.Jk.B.RegCoI.Hajek

Examples
data(oaxaca) #Loads the Oaxaca municipalities dataset
s <- oaxaca$sSW_10_3 #Defines the sample to be used
SampData <- oaxacals==1, ] #Defines the sample dataset
nll <-3 #Defines the 2nd stage fixed sample size
CluLab.s <- SampData$IDDISTRI #Defines the clusters' labels
CluSize.s <- SampData$SIZEDIST #Defines the clusters' sizes
pili.s <- (10 * CluSize.s / 570)  #Reconstructs clusters' 1st order incl. probs.
pik.s <- pili.s * (nII/CluSize.s) #Reconstructs elements' 1st order incl. probs.
yl.s <- SampData$POP10@ #Defines the variable y1
y2.s <- SampData$POPMAL10 #Defines the variable y2
X.S <- SampData$HOMES10@ #Defines the variable x

#Computes the var. est. of the intercept reg. coeff. point estimator using y1
VE.Jk.EB.SW2.RegCol.Hajek(yl.s, x.s, pik.s, nII, pili.s, CluLab.s, CluSize.s)
#Computes the var. est. of the intercept reg. coeff. point estimator using y2
VE.Jk.EB.SW2.RegCol.Hajek(y2.s, x.s, pik.s, nII, pili.s, CluLab.s, CluSize.s)
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VE.Jk.EB.SW2.Total.Hajek

The self-weighted two-stage sampling Escobar-Berger (2013) jack-
knife variance estimator for the Hajek (1971) estimator of a total

Description

Computes the self-weighted two-stage sampling Escobar-Berger (2013) jackknife variance estima-
tor for the Hajek estimator of a total.

Usage

VE.Jk.EB.SW2.Total.Hajek(VecY.s, VecPk.s, nII, VecPi.s,

Arguments

VecY.s

VecPk.s

nlI

VecPi.s

VecClulLab.s

VecCluSize.s

Details

VecCluLab.s, VecCluSize.s, N)

vector of the variable of interest; its length is equal to n, the total sample size.
Its length has to be the same as that of VecPk.s. There must not be missing
values.

vector of the elements’ first-order inclusion probabilities; its length is equal to
n, the total sample size. Values in VecPk.s must be greater than zero and less
than or equal to one. There must not be missing values.

the second stage sample size, i.e. the fixed number of ultimate sampling units
that were selected within each cluster. Its size must be less than or equal to the
minimum cluster size in the sample.

vector of the clusters’ first-order inclusion probabilities; its length is equal to n,
the total sample size. Hence values are expected to be repeated in the utilised
sample dataset. Values in VecPi.s must be greater than zero and less than or
equal to one. There must not be missing values.

vector of the clusters’ labels for the elements; its length is equal to n, the total
sample size. The labels must be integer numbers.

vector of the clusters’ sizes; its length is equal to n, the total sample size. Hence
values are expected to be repeated in the utilised sample dataset. None of the
sizes must be smaller than nII.

the population size. It must be an integer or a double-precision scalar with zero-
valued fractional part.

For the population total of the variable y:

tzzyk

keU
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the approximately unbiased Hajek (1971) estimator of ¢ is given by:

ZkES WEYk
EkES Wk

where wy, = 1/, and 7, denotes the inclusion probability of the k-th element in the sample s. If s
is a self-weighted two-stage sample, the variance of ¢ Hajek can be estimated by the Escobar-Berger
(2013) jackknife variance estimator (implemented by the current function):

£Hajek =N

V(tAHajek) = Velu + Vobs

2
. 1
Velu = E (1 — Wji)g(QIi) - 2 (E (1 - 7TI’i)<(Ii)>

1€ES 1€ES

Vobs = Z ¢k5%k)

kes

where d = Zies(l — 7T[Z‘), (!j)k = I{k/’ S Si}TF?Z-(Mi — TL[])/(MZ‘ — 1), 7T;Z- = 7T]Z‘7’L[[(Mi —
1)/(nrr — 1)M;, with s; denoting the sample elements from the i-th cluster, I{k € s;} is an
indicator that takes the value 1 if the k-th observation is within the i-th cluster and 0 otherwise, 7y;
is the inclusion probability of the i-th cluster in the sample s, M; is the size of the ¢-th cluster, nyy
is the sample size within each cluster, ny is the number of sampled clusters, and where

ny — 1 . ~
(tHajek — tHajek(1i))

S(riy =

n—1,. N
(tHajek - tHajek(k))

E(k) =

where fHajek(u) and fHajek(k) have the same functional form as fHajek but omitting the ¢-th cluster
and the k-th element, respectively, from the sample s. Note that this variance estimator implicitly
utilises the Hajek (1964) approximations that are designed for large-entropy sampling designs, large
samples, and large populations, i.e., care should be taken with highly-stratified samples, e.g. Berger
(2005).

Value

The function returns a value for the estimated variance.

Author(s)

Emilio Lopez Escobar.

References
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Hajek, J. (1971) Comment on An essay on the logical foundations of survey sampling by Basu, D. in
Foundations of Statistical Inference (Godambe, V.P. and Sprott, D.A. eds.), p. 236. Holt, Rinehart

and Winston.

See Also

VE.Jk.Tukey.Total.Hajek
VE.Jk.CBS.HT.Total.Hajek
VE.Jk.CBS.SYG.Total.Hajek
VE.Jk.B.Total.Hajek

Examples
data(oaxaca)
S <-
N <-
SampData <-
nII <-
CluLab.s <-

CluSize.s <-
pili.s <-

pik.s <-
yl.s <-
y2.s <-

#Loads the Oaxaca municipalities dataset

oaxaca$sSW_10_3 #Defines
dim(oaxaca)[1] #Defines
oaxacal[s==1, ] #Defines
3 #Defines
SampData$IDDISTRI #Defines
SampData$SIZEDIST #Defines

the
the
the
the
the
the

sample to be used
population size

sample dataset

2nd stage fixed sample size
clusters' labels

clusters' sizes

(10 * CluSize.s / 570) #Reconstructs clusters' 1st order incl. probs.
pili.s * (nII/CluSize.s) #Reconstructs elements' 1st order incl. probs.
SampData$POP10 #Defines the variable of interest y1
SampData$POPMAL10Q #Defines the variable of interest y2
#Computes the var. est. of the Hajek total point estimator using y1
VE.Jk.EB.SW2.Total.Hajek(yl.s, pik.s, nII, pili.s, CluLab.s, CluSize.s, N)

#Computes the var. est. of the Hajek total point estimator using y2
VE.Jk.EB.SW2.Total.Hajek(y2.s, pik.s, nII, pili.s, CluLab.s, CluSize.s, N)

VE.Jk.Tukey.Corr.Hajek

The Tukey (1958) jackknife variance estimator for the estimator of a
correlation coefficient using the Hajek point estimator

Description

Computes the Quenouille(1956); Tukey (1958) jackknife variance estimator for the estimator of a
correlation coefficient of two variables using the Hajek (1971) point estimator.

Usage

VE.Jk.Tukey.Corr.Hajek(VecY.s, VecX.s, VecPk.s, N, FPC= TRUE)

Arguments

VecY.s

vector of the variable of interest Y; its length is equal to n, the sample size. Its
length has to be the same as that of VecPk.s and VecX.s. There must not be

missing values.
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VecX.s vector of the variable of interest X; its length is equal to n, the sample size. Its
length has to be the same as that of VecPk.s and VecY.s. There must not be
missing values.

VecPk.s vector of the first-order inclusion probabilities; its length is equal to n, the sam-
ple size. Values in VecPk.s must be greater than zero and less than or equal to
one. There must not be missing values.

N the population size. It must be an integer or a double-precision scalar with zero-
valued fractional part. This information is utilised for the finite population cor-
rection only, see FPC below.

FPC logical value. If an ad hoc finite population correction FPC' = 1 — n/N is to
be used. The default is TRUE.

Details

For the population correlation coefficient of two variables y and x:

_ Y owev Wk — ) (z) — T)
V2 weo Wk — 02/ per (Tr — T)?

the point estimator of C, assuming that /N is unknown (see Sarndal et al., 1992, Sec. 5.9), is:

C

ZkES wk(yk - gHajek’)(xk - i‘Hajek)

\/ZkES wy,(yr — ﬁHajek-)Q\/ZkES Wi Tk — THajer)?

CHajek’ =

where Jrajek is the Hajek (1971) point estimator of the population mean § = N~ 3", .y,

& Zkes WrYk
YHajek = ———
ZkES Wk

andwy =1/ 7, with 7y, denoting the inclusion probability of the k-th element in the sample s. The
variance of C'rqjer can be estimated by the Quenouille(1956); Tukey (1958) jackknife variance
estimator (implemented by the current function):

V(éHajek) = (1 - %) “ ; ! Z (éHajek(k) - éHajek)Q
kes

where C Hajek(k) has the same functional form as C Hajer but omitting the k-th element from the
sample s. Note that we are implementing the Tukey (1958) jackknife variance estimator using the
‘ad hoc’ finite population correction 1 —n/N (see Shao and Tu, 1995; Wolter, 2007). If FPC=FALSE
then the term 1 — n/N is ommited from the above formula.

Value

The function returns a value for the estimated variance.

Author(s)

Emilio Lopez Escobar.



108 VE.Jk.Tukey.Corr. NHT

References

Hajek, J. (1971) Comment on An essay on the logical foundations of survey sampling by Basu, D. in
Foundations of Statistical Inference (Godambe, V.P. and Sprott, D.A. eds.), p. 236. Holt, Rinehart
and Winston.

Quenouille, M. H. (1956) Notes on bias in estimation. Biometrika, 43, 353-360.

Sarndal, C.-E. and Swensson, B. and Wretman, J. (1992) Model Assisted Survey Sampling. Springer-
Verlag, Inc.

Shao, J. and Tu, D. (1995) The Jackknife and Bootstrap. Springer-Verlag, Inc.

Tukey, J. W. (1958) Bias and confidence in not-quite large samples (abstract). The Annals of Math-
ematical Statistics, 29, 2, p. 614.

Wolter, K. M. (2007) Introduction to Variance Estimation. 2nd Ed. Springer, Inc.

See Also

VE.Jk.CBS.HT.Corr.Hajek
VE.Jk.CBS.SYG.Corr.Hajek
VE.Jk.B.Corr.Hajek
VE.Jk.EB.SW2.Corr.Hajek

Examples
data(oaxaca) #Loads the Oaxaca municipalities dataset
pik.U <- Pk.PropNorm.U(373, oaxaca$HOMES@Q) #Reconstructs the 1st order incl. probs.
S <- oaxaca$sHOMES00Q #Defines the sample to be used
N <- dim(oaxaca)[1] #Defines the population size
y1 <- oaxaca$POP10 #Defines the variable of interest y1
y2 <- oaxaca$POPMAL10 #Defines the variable of interest y2
X <- oaxaca$HOMES10 #Defines the variable of interest x

#Computes the var. est. of the corr. coeff. point estimator using y1
VE.Jk.Tukey.Corr.Hajek(y1[s==1], x[s==1], pik.U[s==1]1, N)

#Computes the var. est. of the corr. coeff. point estimator using y2
VE.Jk.Tukey.Corr.Hajek(y2[s==1], x[s==1]1, pik.U[s==1]1, N, FPC= FALSE)

VE.Jk.Tukey.Corr .NHT  The Tukey (1958) jackknife variance estimator for the estimator of a
correlation coefficient using the Narain-Horvitz-Thompson point esti-
mator

Description

Computes the Quenouille(1956); Tukey (1958) jackknife variance estimator for the estimator of a
correlation coefficient of two variables using the Narain (1951); Horvitz-Thompson (1952) point
estimator.

Usage
VE.Jk.Tukey.Corr.NHT(VecY.s, VecX.s, VecPk.s, N, FPC= TRUE)
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Arguments

VecY.s vector of the variable of interest Y; its length is equal to n, the sample size. Its
length has to be the same as that of VecPk.s and VecX.s. There must not be
missing values.

VecX.s vector of the variable of interest X; its length is equal to n, the sample size. Its
length has to be the same as that of VecPk.s and VecY.s. There must not be
missing values.

VecPk.s vector of the first-order inclusion probabilities; its length is equal to n, the sam-
ple size. Values in VecPk.s must be greater than zero and less than or equal to
one. There must not be missing values.

N the population size. It must be an integer or a double-precision scalar with zero-
valued fractional part. This information is also utilised for the finite population
correction; see FPC below.

FPC logical value. If an ad hoc finite population correction ' PC' = 1 — n/N is to
be used. The default is TRUE.

Details

For the population correlation coefficient of two variables y and z:

_ > kev Wk — ) (z — T)
V2okev Wk — D)2V ker @k — T)?

the point estimator of C'is given by:

C

ZkES wk(yk - ﬁNHT)(xk - i'NHT)

VS kes s — Gvar)?\ Syey wilon — Exar)?

é:

where iy g7 is the Narain (1951); Horvitz-Thompson (1952) estimator for the population mean
g = N71 ZkeU Yk
. 1
YNHT = 7 Z WkYk
kes
andwg =1 /A 7, with 7, denoting the inclusion probability of the k-th element in the sample s. The

variance of C' can be estimated by the Quenouille(1956); Tukey (1958) jackknife variance estimator
(implemented by the current function):

O (- 5) 5 S (-0

€s

where C'( %) has the same functional form as C but omitting the k-th element from the sample s. We
are implementing the Tukey (1958) jackknife variance estimator using the ‘ad hoc’ finite population
correction 1 — n/N (see Shao and Tu, 1995; Wolter, 2007). If FPC=FALSE, then the term 1 — n/N
is omitted from the above formula.

Value

The function returns a value for the estimated variance.
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See Also
Est.Corr.Hajek

Examples
data(oaxaca) #lLoads the Oaxaca municipalities dataset
pik.U <- Pk.PropNorm.U(373, oaxaca$HOMES@Q) #Reconstructs the 1st order incl. probs.
s <- oaxaca$sHOMES00 #Defines the sample to be used
N <- dim(oaxaca)[1] #Defines the population size
y1 <- oaxaca$POP10 #Defines the variable of interest y1
y2 <- oaxaca$POPMAL10 #Defines the variable of interest y2
X <- oaxaca$HOMES10 #Defines the variable of interest x

#Computes the var. est. of the corr. coeff. point estimator using y1

VE.Jk.Tukey.Corr.NHT(y1[s==1], x[s==1], pik.U[s==1],

N)

#Computes the var. est. of the corr. coeff. point estimator using y2
VE.Jk.Tukey.Corr .NHT(y2[s==1], x[s==1], pik.U[s==1]1, N, FPC= FALSE)

VE.Jk.Tukey.Mean.Hajek

The Tukey (1958) jackknife variance estimator for the Hajek estimator

of a mean

Description

Computes the Quenouille(1956); Tukey (1958) jackknife variance estimator for the Hajek (1971)

estimator of a mean.

Usage

VE.Jk.Tukey.Mean.Hajek(VecY.s, VecPk.s, N, FPC= TRUE)
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Arguments

VecY.s vector of the variable of interest; its length is equal to n, the sample size. Its
length has to be the same as that of VecPk.s. There must not be missing values.

VecPk.s vector of the first-order inclusion probabilities; its length is equal to n, the sam-
ple size. Values in VecPk.s must be greater than zero and less than or equal to
one. There must not be missing values.

N the population size. It must be an integer or a double-precision scalar with zero-
valued fractional part. This information is also utilised for the finite population
correction; see FPC below.

FPC logical value. If an ad hoc finite population correction FPC' = 1 — n/N is to
be used. The default is TRUE.

Details

For the population mean of the variable y:
1
Y= N Z Yk
keU

the approximately unbiased Hajek (1971) estimator of % is given by:

S Zkes WrYk
YHajek = ~—~
Zkes Wk

where wy, = 1/, and 7, denotes the inclusion probability of the k-th element in the sample s.
The variance of 3 Hajek can be estimated by the Quenouille(1956); Tukey (1958) jackknife variance
estimator (implemented by the current function):

NN n n—1 A ~ 2
V(Yrajer) = (1 - N) - Z (Yrajest) — UHajek)
kes

where
Zles,l;ék wiy

ﬁHajek’(k) = Zl Lo, W0
€s,

We are implementing the Tukey (1958) jackknife variance estimator using the ‘ad hoc’ finite pop-

ulation correction 1 — n/N (see Shao and Tu, 1995; Wolter, 2007). If FPC=FALSE, then the term
1 — n/N is omitted from the above formula.

Value

The function returns a value for the estimated variance.

Author(s)

Emilio Lopez Escobar.
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See Also

VE.Jk.CBS.HT.Mean.Hajek
VE.Jk.CBS.SYG.Mean.Hajek
VE.Jk.B.Mean.Hajek
VE.Jk.EB.SW2.Mean.Hajek

Examples
data(oaxaca) #Loads the Oaxaca municipalities dataset
pik.U <- Pk.PropNorm.U(373, oaxaca$HOMESQ@) #Reconstructs the 1st order incl. probs.
s <- oaxaca$sHOMESQQ #Defines the sample to be used
N <- dim(oaxaca)[1] #Defines the population size
y1 <- oaxaca$POP10 #Defines the variable of interest y1
y2 <- oaxaca$POPMAL10@ #Defines the variable of interest y2

#Computes the var. est. of the Hajek mean point estimator using y1
VE.Jk.Tukey.Mean.Hajek(y1[s==1], pik.U[s==1], N)

#Computes the var. est. of the Hajek mean point estimator using y2
VE.Jk.Tukey.Mean.Hajek(y2[s==1], pik.U[s==1], N, FPC= FALSE)

VE.Jk.Tukey.Ratio The Tukey (1958) jackknife variance estimator for the estimator of a
ratio

Description

Computes the Quenouille(1956); Tukey (1958) jackknife variance estimator for the estimator of a
ratio of two totals/means.

Usage

VE.Jk.Tukey.Ratio(VecY.s, VecX.s, VecPk.s, N, FPC= TRUE)
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Arguments

VecY.s vector of the numerator variable of interest; its length is equal to n, the sample
size. Its length has to be the same as that of VecPk.s and VecX.s. There must
not be missing values.

VecX.s vector of the denominator variable of interest; its length is equal to n, the sample
size. Its length has to be the same as that of VecPk. s and VecY . s. There must not
be missing values. All values of VecX. s should be greater than zero. A warning
is displayed if this does not hold, and computations continue if mathematical
expressions allow this kind of values for the denominator variable.

VecPk.s vector of the first-order inclusion probabilities; its length is equal to n, the sam-
ple size. Values in VecPk.s must be greater than zero and less than or equal to
one. There must not be missing values.

N the population size. It must be an integer or a double-precision scalar with zero-
valued fractional part. This information is also utilised for the finite population
correction; see FPC below.

FPC logical value. If an ad hoc finite population correction FPC' = 1 — n/N is to
be used. The default is TRUE.

Details

For the population ratio of two totals/means of the variables y and x:

o ZkeU yk/N o Zke[] Yk

R= -
ZkEU zi /N ZkeU Tk

the ratio estimator of R is given by:

R _ Z kes WkYk

Zk es WkTk

where wy, = 1/, and 71, denotes the inclusion probability of the k-th element in the sample s. The
variance of R can be estimated by the Quenouille(1956); Tukey (1958) jackknife variance estimator
(implemented by the current function):

where

We are implementing the Tukey (1958) jackknife variance estimator using the ‘ad hoc’ finite pop-
ulation correction 1 — n/N (see Shao and Tu, 1995; Wolter, 2007). If FPC=FALSE, then the term
1 — n/N is omitted from the above formula.

Value

The function returns a value for the estimated variance.
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See Also

VE.Lin.HT.Ratio
VE.Lin.SYG.Ratio
VE.Jk.CBS.HT.Ratio
VE.Jk.CBS.SYG.Ratio
VE.Jk.B.Ratio
VE.Jk.EB.SW2.Ratio
VE.EB.HT.Ratio
VE.EB.SYG.Ratio

Examples
data(oaxaca) #Loads the Oaxaca municipalities dataset
pik.U <- Pk.PropNorm.U(373, oaxaca$HOMES@Q) #Reconstructs the 1st order incl. probs.
s <- oaxaca$sHOMESQQ #Defines the sample to be used
N <- dim(oaxaca)[1] #Defines the population size
y1 <- oaxaca$POP10 #Defines the numerator variable y1
y2 <- oaxaca$POPMAL10 #Defines the numerator variable y2
X <- oaxaca$HOMES10 #Defines the denominator variable x
#Computes the var. est. of the ratio point estimator using y1
VE.Jk.Tukey.Ratio(y1[s==11, x[s==1], pik.U[s==1], N)
#Computes the var. est. of the ratio point estimator using y2
VE.Jk.Tukey.Ratio(y2[s==1], x[s==1], pik.U[s==1], N, FPC= FALSE)

VE.Jk.Tukey.RegCo.Hajek

The Tukey (1958) jackknife variance estimator for the estimator of the
regression coefficient using the Hajek point estimator

Description

Computes the Quenouille(1956); Tukey (1958) jackknife variance estimator for the estimator of the
regression coefficient using the Hajek (1971) point estimator.
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Usage

VE.Jk.Tukey.RegCo.Hajek(VecY.s, VecX.s, VecPk.s, N, FPC= TRUE)

Arguments

VecY.s vector of the variable of interest Y; its length is equal to n, the sample size. Its
length has to be the same as that of VecPk.s and VecX.s. There must not be
missing values.

VecX.s vector of the variable of interest X; its length is equal to n, the sample size. Its
length has to be the same as that of VecPk.s and VecY.s. There must not be
missing values.

VecPk.s vector of the first-order inclusion probabilities; its length is equal to n, the sam-
ple size. Values in VecPk.s must be greater than zero and less than or equal to
one. There must not be missing values.

N the population size. It must be an integer or a double-precision scalar with zero-
valued fractional part. This information is utilised for the finite population cor-
rection only; see FPC below.

FPC logical value. If an ad hoc finite population correction FPC' = 1 — n/N is to
be used. The default is TRUE.

Details

From Linear Regression Analysis, for an imposed population model
y=a+px

the population regression coefficient 3, assuming that the population size N is unknown (see Sarn-
dal et al., 1992, Sec. 5.10), can be estimated by:
ZkEs Wi (yk - ?jHajek’)(xk - %Hajek)

Zkgs wk(xk - i’Hajek)2
where ?jHajek and 2 Hajek are the Hajek (1971) point estimators of the population means § =
N 'Y coywandz = N1 5", o ap, respectively,

6Hajek =

A _ Zkes WrYk
YHajek = ~—~
Zkes Wk
- _ Dkes WETK
LTHajek =
Zk’és Wk

and wy, = 1/7, with 7, denoting the inclusion probability of the k-th element in the sample s. The
variance of Bpqjer can be estimated by the Quenouille(1956); Tukey (1958) jackknife variance
estimator (implemented by the current function):

V(Brtaser) = (1= ) "5 (Braenc — Brraser)
kes

where B Hajek(k) has the same functional form as B Hajek but omitting the k-th element from the
sample s. We are implementing the Tukey (1958) jackknife variance estimator using the ‘ad hoc’
finite population correction 1 — n/N (see Shao and Tu, 1995; Wolter, 2007). If FPC=FALSE, then
the term 1 — n/N is omitted from the above formula.
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Value

The function returns a value for the estimated variance.

Author(s)

Emilio Lopez Escobar.

References

Hajek, J. (1971) Comment on An essay on the logical foundations of survey sampling by Basu, D. in
Foundations of Statistical Inference (Godambe, V.P. and Sprott, D.A. eds.), p. 236. Holt, Rinehart
and Winston.

Quenouille, M. H. (1956) Notes on bias in estimation. Biometrika, 43, 353-360.

Sarndal, C.-E. and Swensson, B. and Wretman, J. (1992) Model Assisted Survey Sampling. Springer-
Verlag, Inc.

Shao, J. and Tu, D. (1995) The Jackknife and Bootstrap. Springer-Verlag, Inc.

Tukey, J. W. (1958) Bias and confidence in not-quite large samples (abstract). The Annals of Math-
ematical Statistics, 29, 2, p. 614.

Wolter, K. M. (2007) Introduction to Variance Estimation. 2nd Ed. Springer, Inc.

See Also

VE.Jk.Tukey.RegCol.Hajek
VE.Jk.CBS.HT.RegCo.Hajek
VE.Jk.CBS.SYG.RegCo.Hajek
VE.Jk.B.RegCo.Hajek
VE.Jk.EB.SW2.RegCo.Hajek

Examples
data(oaxaca) #lLoads the Oaxaca municipalities dataset
pik.U <- Pk.PropNorm.U(373, oaxaca$HOMES@Q) #Reconstructs the 1st order incl. probs.
s <- oaxaca$sHOMES00Q #Defines the sample to be used
N <- dim(oaxaca)[1] #Defines the population size
y1 <- oaxaca$POP10 #Defines the variable of interest y1
y2 <- oaxaca$POPMAL10 #Defines the variable of interest y2
X <- oaxaca$HOMES10 #Defines the variable of interest x

#Computes the var. est. of the regression coeff. point estimator using y1
VE.Jk.Tukey.RegCo.Hajek(y1[s==1]1, x[s==1]1, pik.U[s==1], N)

#Computes the var. est. of the regression coeff. point estimator using y2
VE.Jk.Tukey.RegCo.Hajek(y2[s==1]1, x[s==1], pik.U[s==1], N, FPC= FALSE)
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VE.Jk.Tukey.RegColI.Hajek
The Tukey (1958) jackknife variance estimator for the estimator of the
intercept regression coelfficient using the Hajek point estimator

Description
Computes the Quenouille(1956); Tukey (1958) jackknife variance estimator for the estimator of the
intercept regression coefficient using the Hajek (1971) point estimator.

Usage
VE.Jk.Tukey.RegCoI.Hajek(VecY.s, VecX.s, VecPk.s, N, FPC= TRUE)

Arguments

VecY.s vector of the variable of interest Y; its length is equal to n, the sample size. Its
length has to be the same as that of VecPk.s and VecX.s. There must not be
missing values.

VecX.s vector of the variable of interest X; its length is equal to n, the sample size. Its
length has to be the same as that of VecPk.s and VecY.s. There must not be
missing values.

VecPk.s vector of the first-order inclusion probabilities; its length is equal to n, the sam-
ple size. Values in VecPk.s must be greater than zero and less than or equal to
one. There must not be missing values.

N the population size. It must be an integer or a double-precision scalar with zero-
valued fractional part. This information is utilised for the finite population cor-
rection only; see FPC below.

FPC logical value. If an ad hoc finite population correction FPC =1 —n/N is to
be used. The default is TRUE.

Details

From Linear Regression Analysis, for an imposed population model
y=a+pe

the population intercept regression coefficient o, assuming that the population size /N is unknown
(see Sarndal et al., 1992, Sec. 5.10), can be estimated by:

Zkgs wk(yk - ﬁHajek)(xk - i’Hajek) ~
= B) THajek
ZkES wk(xk - iL'Hajek)

CAVHajelc = ?jHajek -
where ngajek and T Hajek are the Hajek (1971) point estimators of the population means § =
Ny coyeandz = N1 3", ) ay, respectively,

~ ZkES WrYk
YHajek =
ZkES Wk
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2 _ ZkES Wk Tk
THajek = ~—~
ZkES Wk

and wy, = 1/, with 7, denoting the inclusion probability of the k-th element in the sample s. The
variance of &g er can be estimated by the Quenouille(1956); Tukey (1958) jackknife variance
estimator (implemented by the current function):

N nyn-—1 R . 2
V(aHajek) = (1 - N) n ; (aHajek(k) - OéHajek)

where Qg jer(x) has the same functional form as & ggjer but omitting the k-th element from the
sample s. We are implementing the Tukey (1958) jackknife variance estimator using the ‘ad hoc’
finite population correction 1 — n/N (see Shao and Tu, 1995; Wolter, 2007). If FPC=FALSE, then
the term 1 — n/N is omitted from the above formula.

Value

The function returns a value for the estimated variance.

Author(s)

Emilio Lopez Escobar.

References

Hajek, J. (1971) Comment on An essay on the logical foundations of survey sampling by Basu, D. in
Foundations of Statistical Inference (Godambe, V.P. and Sprott, D.A. eds.), p. 236. Holt, Rinehart
and Winston.

Quenouille, M. H. (1956) Notes on bias in estimation. Biometrika, 43, 353-360.

Sarndal, C.-E. and Swensson, B. and Wretman, J. (1992) Model Assisted Survey Sampling. Springer-
Verlag, Inc.

Shao, J. and Tu, D. (1995) The Jackknife and Bootstrap. Springer-Verlag, Inc.

Tukey, J. W. (1958) Bias and confidence in not-quite large samples (abstract). The Annals of Math-
ematical Statistics, 29, 2, p. 614.

Wolter, K. M. (2007) Introduction to Variance Estimation. 2nd Ed. Springer, Inc.

See Also

VE.Jk.Tukey.RegCo.Hajek
VE.Jk.CBS.HT.RegCoI.Hajek
VE.Jk.CBS.SYG.RegCoI.Hajek
VE.Jk.B.RegCoI.Hajek
VE.Jk.EB.SW2.RegCoI.Hajek

Examples

data(oaxaca) #lLoads the Oaxaca municipalities dataset
pik.U <- Pk.PropNorm.U(373, oaxaca$HOMES@Q) #Reconstructs the 1st order incl. probs.
S <- oaxaca$sHOMES00 #Defines the sample to be used
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N <- dim(oaxaca)[1] #Defines the population size

y1 <- oaxaca$POP10 #Defines the variable of interest yl
y2 <- oaxaca$POPMAL10 #Defines the variable of interest y2
X <- oaxaca$HOMES10 #Defines the variable of interest x

#Computes the var. est. of the intercept reg. coeff. point estimator using y1
VE.Jk.Tukey.RegCoI.Hajek(y1[s==11, x[s==1], pik.U[s==1], N)

#Computes the var. est. of the intercept reg. coeff. point estimator using y2
VE.Jk.Tukey.RegCoI.Hajek(y2[s==1], x[s==1], pik.U[s==1], N, FPC= FALSE)

VE.Jk.Tukey.Total.Hajek
The Tukey (1958) jackknife variance estimator for the Hajek estimator
of a total

Description

Computes the Quenouille(1956); Tukey (1958) jackknife variance estimator for the Hajek (1971)
estimator of a total.

Usage
VE.Jk.Tukey.Total.Hajek(VecY.s, VecPk.s, N, FPC= TRUE)

Arguments

VecY.s vector of the variable of interest; its length is equal to n, the sample size. Its
length has to be the same as that of VecPk. s. There must not be missing values.

VecPk.s vector of the first-order inclusion probabilities; its length is equal to n, the sam-
ple size. Values in VecPk.s must be greater than zero and less than or equal to
one. There must not be missing values.

N the population size. It must be an integer or a double-precision scalar with zero-
valued fractional part. This information is also utilised for the finite population
correction; see FPC below.

FPC logical value. If an ad hoc finite population correction FPC' = 1 — n/N is to
be used. The default is TRUE.

Details

For the population total of the variable y:
t=2 w
keU

the approximately unbiased Hajek (1971) estimator of ¢ is given by:

Zkes WrYk

tHajek = N——=""—
ZkEs Wk
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where wy, = 1/, and 7, denotes the inclusion probability of the k-th element in the sample s.
The variance of ¢4 e can be estimated by the Quenouille(1956); Tukey (1958) jackknife variance
estimator (implemented by the current function):

PN nyn—1 A N 2
V(tHajer) = (1 - N) Z (tajerr) — tHajek)
keEs
where
- Dles 12k WYL
UHajek(k) = Nizl e
€s,

We are implementing the Tukey (1958) jackknife variance estimator using the ‘ad hoc’ finite pop-
ulation correction 1 — n/N (see Shao and Tu, 1995; Wolter, 2007). If FPC=FALSE, then the term
1 — n/N is omitted from the above formula.

Value

The function returns a value for the estimated variance.

Author(s)

Emilio Lopez Escobar.

References

Hajek, J. (1971) Comment on An essay on the logical foundations of survey sampling by Basu, D. in
Foundations of Statistical Inference (Godambe, V.P. and Sprott, D.A. eds.), p. 236. Holt, Rinehart
and Winston.

Quenouille, M. H. (1956) Notes on bias in estimation. Biometrika, 43, 353-360.
Shao, J. and Tu, D. (1995) The Jackknife and Bootstrap. Springer-Verlag, Inc.

Tukey, J. W. (1958) Bias and confidence in not-quite large samples (abstract). The Annals of Math-
ematical Statistics, 29, 2, p. 614.

Wolter, K. M. (2007) Introduction to Variance Estimation. 2nd Ed. Springer, Inc.

See Also

VE.Jk.CBS.HT.Total.Hajek
VE.Jk.CBS.SYG.Total.Hajek
VE.Jk.B.Total.Hajek
VE.Jk.EB.SW2.Total.Hajek

Examples
data(oaxaca) #Loads the Oaxaca municipalities dataset
pik.U <- Pk.PropNorm.U(373, oaxaca$HOMES@Q) #Reconstructs the 1st order incl. probs.
s <- oaxaca$sHOMESQQ #Defines the sample to be used
N <- dim(oaxaca)[1] #Defines the population size
y1 <- oaxaca$POP10 #Defines the variable of interest y1
y2 <- oaxaca$POPMAL10 #Defines the variable of interest y2

#Computes the var. est. of the Hajek total point estimator using y1
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VE.Jk.Tukey.Total.Hajek(y1[s==1], pik.U[s==1], N)
#Computes the var. est. of the Hajek total point estimator using y2
VE.Jk.Tukey.Total.Hajek(y2[s==1], pik.U[s==1], N, FPC= FALSE)

VE.Lin.HT.Ratio The unequal probability linearisation variance estimator for the esti-
mator of a ratio (Horvitz-Thompson form)

Description

Computes the unequal probability Taylor linearisation variance estimator for the estimator of a ratio
of two totals/means. It uses the Horvitz-Thompson (1952) variance form.

Usage
VE.Lin.HT.Ratio(VecY.s, VecX.s, VecPk.s, MatPkl.s)

Arguments

VecY.s vector of the numerator variable of interest; its length is equal to n, the sample
size. Its length has to be the same as that of VecPk.s and VecX.s. There must
not be missing values.

VecX.s vector of the denominator variable of interest; its length is equal to n, the sample
size. Its length has to be the same as that of VecPk. s and VecY . s. There must not
be missing values. All values of VecX. s should be greater than zero. A warning
is displayed if this does not hold, and computations continue if mathematical
expressions allow this kind of values for the denominator variable.

VecPk.s vector of the first-order inclusion probabilities; its length is equal to n, the sam-
ple size. Values in VecPk.s must be greater than zero and less than or equal to
one. There must not be missing values.

MatPkl.s matrix of the second-order inclusion probabilities; its number of rows and columns
equals n, the sample size. Values in MatPkl.s must be greater than zero and less
than or equal to one. There must not be missing values.

Details

For the population ratio of two totals/means of the variables y and x:

. > wev Yk/N . ke Yk

R= —
Yrev Te/N  Yper Tr

the ratio estimator of R is given by:

B = Lokes Wklk
2 kes WK
where wy, = 1/mg and 7 denotes the inclusion probability of the k-th element in the sample

s. The variance of R can be estimated by the unequal probability linearisation variance estimator
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(implemented by the current function). For details see Woodruff (1971); Deville (1999); Demnati-
Rao (2004); Sarndal et al., (1992, Secs. 5.5 and 5.6):

WS Tkl — TET
V(R) = Z Z —WEULW U]
Tkl

kes les

where .
yx — Ry,
U =
te, NHT
with
te NHT = E Wi Tk
kEs

the unbiased Narain (1951); Horvitz-Thompson (1952) estimator of the population total for the
(denominator) variable VecX.s.

Value

The function returns a value for the estimated variance.

Author(s)

Emilio Lopez Escobar.

References

Demnati, A. and Rao, J. N. K. (2004) Linearization variance estimators for survey data. Survey
Methodology, 30, 17-26.

Deville, J.-C. (1999) Variance estimation for complex statistics and estimators: linearization and
residual techniques. Survey Methodology, 25, 193-203.

Horvitz, D. G. and Thompson, D. J. (1952) A generalization of sampling without replacement from
a finite universe. Journal of the American Statistical Association, 47, 663—685.

Narain, R. D. (1951) On sampling without replacement with varying probabilities. Journal of the
Indian Society of Agricultural Statistics, 3, 169-175.

Sarndal, C.-E. and Swensson, B. and Wretman, J. (1992) Model Assisted Survey Sampling. Springer-
Verlag, Inc.

Woodruff, R. S. (1971) A Simple Method for Approximating the Variance of a Complicated Esti-
mate. Journal of the American Statistical Association, 66, 334, 411-414.

See Also

VE.Lin.SYG.Ratio
VE.Jk.Tukey.Ratio
VE.Jk.CBS.SYG.Ratio
VE.Jk.B.Ratio
VE.Jk.EB.SW2.Ratio
VE.EB.HT.Ratio
VE.EB.SYG.Ratio
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Examples

data(oaxaca) #lLoads the Oaxaca municipalities dataset

pik.U <- Pk.PropNorm.U(373, oaxaca$HOMES@Q) #Reconstructs the 1st order incl. probs.

s <- oaxaca$sHOMES00Q #Defines the sample to be used

y1 <- oaxaca$POP10 #Defines the numerator variable y1

y2 <- oaxaca$POPMAL10Q #Defines the numerator variable y2

X <- oaxaca$HOMES10 #Defines the denominator variable x

#This approximation is only suitable for large-entropy sampling designs

pikl.s <- Pkl.Hajek.s(pik.U[s==1]) #Approx. 2nd order incl. probs. from s

#Computes the var. est. of the ratio point estimator using y1
VE.Lin.HT.Ratio(y1[s==11, x[s==1], pik.U[s==1], pikl.s)
#Computes the var. est. of the ratio point estimator using y2
VE.Lin.HT.Ratio(y2[s==1]1, x[s==1]1, pik.U[s==1], pikl.s)

VE.Lin.SYG.Ratio

The unequal probability linearisation variance estimator for the esti-
mator of a ratio (Sen-Yates-Grundy form)

Description

Computes the unequal probability Taylor linearisation variance estimator for the estimator of a ratio
of two totals/means. It uses the Sen (1953); Yates-Grundy(1953) variance form.

Usage

VE.Lin.SYG.Ratio(VecY.s, VecX.s, VecPk.s, MatPkl.s)

Arguments

VecY.s

VecX.s

VecPk.s

MatPkl.s

vector of the numerator variable of interest; its length is equal to n, the sample
size. Its length has to be the same as that of VecPk.s and VecX.s. There must
not be missing values.

vector of the denominator variable of interest; its length is equal to n, the sample
size. Its length has to be the same as that of VecPk. s and VecY . s. There must not
be missing values. All values of VecX. s should be greater than zero. A warning
is displayed if this does not hold, and computations continue if mathematical
expressions allow this kind of values for the denominator variable.

vector of the first-order inclusion probabilities; its length is equal to n, the sam-
ple size. Values in VecPk.s must be greater than zero and less than or equal to
one. There must not be missing values.

matrix of the second-order inclusion probabilities; its number of rows and columns
equals n, the sample size. Values in MatPkl.s must be greater than zero and less
than or equal to one. There must not be missing values.
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Details

For the population ratio of two totals/means of the variables y and x:

_ Zkg[j yk/N _ Zng Yk
Yk T/N - Yper T

R

the ratio estimator of R is given by:

f = Lokes WkYk
ZkEs Wr Tk
where wy, = 1/mg and 7y denotes the inclusion probability of the k-th element in the sample

s. The variance of R can be estimated by the unequal probability linearisation variance estimator
(implemented by the current function). For details see Woodruff (1971); Deville (1999); Demnati-
Rao (2004); Sarndal et al., (1992, Secs. 5.5 and 5.6):

N -1 Tl — T
VIR = 5 D 3 = (wpur — wywr)*
kes les Tkl

where N
yr — Ry,
up = 5F——o
te, NHT
with
te, NHT = E WL
kEs

the unbiased Narain (1951); Horvitz-Thompson (1952) estimator of the population total for the
(denominator) variable VecX.s.

Value

The function returns a value for the estimated variance.

Author(s)

Emilio Lopez Escobar.

References

Demnati, A. and Rao, J. N. K. (2004) Linearization variance estimators for survey data. Survey
Methodology, 30, 17-26.

Deville, J.-C. (1999) Variance estimation for complex statistics and estimators: linearization and
residual techniques. Survey Methodology, 25, 193-203.

Horvitz, D. G. and Thompson, D. J. (1952) A generalization of sampling without replacement from
a finite universe. Journal of the American Statistical Association, 47, 663—685.

Narain, R. D. (1951) On sampling without replacement with varying probabilities. Journal of the
Indian Society of Agricultural Statistics, 3, 169-175.

Sarndal, C.-E. and Swensson, B. and Wretman, J. (1992) Model Assisted Survey Sampling. Springer-
Verlag, Inc.
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Sen, A. R. (1953) On the estimate of the variance in sampling with varying probabilities. Journal
of the Indian Society of Agricultural Statistics, S5, 119—127.

Woodruff, R. S. (1971) A Simple Method for Approximating the Variance of a Complicated Esti-
mate. Journal of the American Statistical Association, 66, 334, 411-414.

Yates, F. and Grundy, P. M. (1953) Selection without replacement from within strata with probability
proportional to size. Journal of the Royal Statistical Society B, 15, 253-261.

See Also

VE.Lin.HT.RatioVE.Jk.Tukey.Ratio
VE.Jk.CBS.HT.Ratio

VE.Jk.B.Ratio

VE.Jk.EB.SW2.Ratio
VE.EB.HT.Ratio

VE.EB.SYG.Ratio

Examples
data(oaxaca) #lLoads the Oaxaca municipalities dataset
pik.U <- Pk.PropNorm.U(373, oaxaca$HOMES@Q) #Reconstructs the 1st order incl. probs.
s <- oaxaca$sHOMESQ® #Defines the sample to be used for
y1 <- oaxaca$POP10 #Defines the numerator variable y1
y2 <- oaxaca$POPMAL10Q #Defines the numerator variable y2
X <- oaxaca$HOMES10 #Defines the denominator variable x
#This approximation is only suitable for large-entropy sampling designs
pikl.s <- Pkl.Hajek.s(pik.U[s==1]) #Approx. 2nd order incl. probs. from s

#Computes the var. est. of the ratio point estimator using y1
VE.Lin.SYG.Ratio(y1[s==1], x[s==1]1, pik.U[s==1]1, pikl.s)
#Computes the var. est. of the ratio point estimator using y2
VE.Lin.SYG.Ratio(y2[s==1], x[s==1], pik.U[s==1], pikl.s)

VE.SYG.Mean.NHT The Sen-Yates-Grundy variance estimator for the Narain-Horvitz-
Thompson point estimator for a mean

Description

Computes the Sen (1953); Yates-Grundy(1953) variance estimator for the Narain (1951); Horvitz-
Thompson (1952) point estimator for a population mean.

Usage

VE.SYG.Mean.NHT(VecY.s, VecPk.s, MatPkl.s, N)
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Arguments

VecY.s vector of the variable of interest; its length is equal to n, the sample size. Its
length has to be the same as that of VecPk.s. There must not be missing values.

VecPk.s vector of the first-order inclusion probabilities; its length is equal to n, the sam-
ple size. Values in VecPk.s must be greater than zero and less than or equal to
one. There must not be missing values.

MatPkl.s matrix of the second-order inclusion probabilities; its number of rows and columns
equals n, the sample size. Values in MatPkl.s must be greater than zero and less
than or equal to one. There must not be missing values.

N the population size. It must be an integer or a double-precision scalar with zero-
valued fractional part.

Details

For the population mean of the variable y:
_ 1
Y¥=xN Z Yk
keU
the unbiased Narain (1951); Horvitz-Thompson (1952) estimator of § is given by:
Tk
kes Tk

where 7, denotes the inclusion probability of the k-th element in the sample s. Let m; denotes the
joint-inclusion probabilities of the k-th and I-th elements in the sample s. The variance of 3 g is
given by:

V(ynur) = N2 Z Z (Tt — Temm) yk &£

T,
keU leU Tk T

which, if the utilised sampling design is of fixed sample size, can therefore be estimated by the
Sen-Yates-Grundy variance estimator (implemented by the current function):

- —1 Tl — kT (Y Y
Vi) = g g Y3 T (v

kes les

Value

The function returns a value for the estimated variance.

Author(s)

Emilio Lopez Escobar.
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References

Horvitz, D. G. and Thompson, D. J. (1952) A generalization of sampling without replacement from
a finite universe. Journal of the American Statistical Association, 47, 663—685.

Narain, R. D. (1951) On sampling without replacement with varying probabilities. Journal of the
Indian Society of Agricultural Statistics, 3, 169-175.

Sen, A. R. (1953) On the estimate of the variance in sampling with varying probabilities. Journal
of the Indian Society of Agricultural Statistics, 5, 119-127.

Yates, F. and Grundy, P. M. (1953) Selection without replacement from within strata with probability
proportional to size. Journal of the Royal Statistical Society B, 15, 253-261.

See Also

VE.HT.Mean.NHT
VE.Hajek.Mean.NHT

Examples
data(oaxaca) #Loads the Oaxaca municipalities dataset
pik.U <- Pk.PropNorm.U(373, oaxaca$HOMES@Q) #Reconstructs the 1st order incl. probs.
s <- oaxaca$sHOMES00Q #Defines the sample to be used
N <- dim(oaxaca)[1] #Defines the population size
y1 <- oaxaca$POP10 #Defines the variable of interest y1
y2 <- oaxaca$HOMES10@ #Defines the variable of interest y2
#This approx. is only suitable for large-entropy sampling designs
pikl.s <- Pkl.Hajek.s(pik.U[s==1]) #Approx. 2nd order incl. probs. from s

#Computes the var. est. of the NHT point estimator for y1
VE.SYG.Mean.NHT(y1[s==1], pik.U[s==1], pikl.s, N)
#Computes the var. est. of the NHT point estimator for y2
VE.SYG.Mean.NHT(y2[s==1], pik.U[s==1], pikl.s, N)

VE.SYG.Total .NHT The Sen-Yates-Grundy variance estimator for the Narain-Horvitz-
Thompson point estimator for a total

Description

Computes the Sen (1953); Yates-Grundy(1953) variance estimator for the Narain (1951); Horvitz-
Thompson (1952) point estimator for a population total.

Usage

VE.SYG.Total .NHT(VecY.s, VecPk.s, MatPkl.s)
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Arguments

VecY.s vector of the variable of interest; its length is equal to n, the sample size. Its
length has to be the same as that of VecPk.s. There must not be missing values.

VecPk.s vector of the first-order inclusion probabilities; its length is equal to n, the sam-
ple size. Values in VecPk.s must be greater than zero and less than or equal to
one. There must not be missing values.

MatPkl.s matrix of the second-order inclusion probabilities; its number of rows and columns
equals n, the sample size. Values in MatPkl.s must be greater than zero and less
than or equal to one. There must not be missing values.

Details

For the population total of the variable y:
= Z Yk
the unbiased Narain (1951); Horvitz-Thompson (1952) estimator of ¢ is given by:
ingr = Z 7’%
kEs

where 7y, denotes the inclusion probability of the k-th element in the sample s. Let m; denotes the
joint-inclusion probabilities of the k-th and I-th elements in the sample s. The variance of ¢y s is

given by:
7 Yk Yi
Vit = 1 — ==
(tnuT) § E (Tt Wkﬂl)ﬂ_k o
keU leU

which, if the utilised sampling design is of fixed sample size, can therefore be estimated by the
Sen-Yates-Grundy variance estimator (implemented by the current function):

2
. -1 Tl — TkT (Y Yl
V(i —— Okt TRTL (2R L
vurr) = 5 S T (e
c€s lEs

Value

The function returns a value for the estimated variance.

Author(s)

Emilio Lopez Escobar.
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See Also

VE.HT.Total.NHT
VE.Hajek.Total .NHT

Examples
data(oaxaca) #Loads the Oaxaca municipalities dataset
pik.U <- Pk.PropNorm.U(373, oaxaca$HOMES@Q) #Reconstructs the 1st order incl. probs.
s <- oaxaca$sHOMESQ®@ #Defines the sample to be used
y1 <- oaxaca$POP10 #Defines the variable of interest y1
y2 <- oaxaca$HOMES10 #Defines the variable of interest y2
#This approximation is only suitable for large-entropy sampling designs
pikl.s <- Pkl.Hajek.s(pik.U[s==1]) #Approx. 2nd order incl. probs. from s

#Computes the var. est. of the NHT point estimator for y1
VE.SYG.Total .NHT(y1[s==1], pik.U[s==1], pikl.s)
#Computes the var. est. of the NHT point estimator for y2
VE.SYG.Total .NHT(y2[s==1], pik.U[s==1], pikl.s)
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