
S1 Appendix: Derivation of τ̂i.
If νi > ki, i.e. the one at a time sampling part is carried out in PSU i. To evaluate

P (j|si) in (1), let Dij be the number of ways that the selected sample si can be
constructed such that unit j in PSU i is the first selected unit, and let Di be the
number of ways that the selected sample si can be constructed. Thus,
P (j|si) = Dij/Di. If unit j belongs to SiC′ , one of the ki − 1 remaining units in si
should be allocated as the last selected unit so that Dij = (ki − 1)(νi − 2)! and
Di = ki(νi − 1)!. We therefore have P (j|si) = Dij/Di = (ki − 1)/(ki(νi − 1)) for
j ∈ SiC′ . If unit j belongs to SiC , one of the ki units in si should be allocated as the
last selected unit so that Dij = ki(νi − 2)! and the same as before Di = ki(νi − 1)!. We
therefore have P (j|si) = Dij/Di = 1/(νi − 1) for j ∈ SiC . We also have pi,j = 1/Ni for
all j and i. Substituting the probabilities into (1), we have
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If ki = νi, i.e. the one at a time part of sampling is not carried out in PSU i, so that P̂i
will be 1 and τ̂i = NiȳiC′ which is given by (3).


