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Ms. Magalie Roman Salas
Secretary
Federal Communications Commission
1919 M Street, NW, Room 222
Washington, D.C. 20554

Re: Written Ex Parte in CC Docket No. ?8-5~/and
CC Docket No. 98-121

Dear Ms. Salas:

This is to inform you that BellSouth Corporation has submitted today a written ex
parte to the staff of the Common Carrier Bureau's Policy and Program Planning
Division. That ex parte presents information relating to methods of estimating
variance using replicates, a topic of discussion during a meeting on September
16, 1998, attended by representatives of BeliSouth, statisticians from Ernst &
Young, and Bureau staff. This information has been submitted in response to a
request from the staff of the Common Carrier Bureau.

Pursuant to Section 1.1206(a)(1) of the Commission's rules, we are filing two
copies of this notice and that written ex parte presentation. Please associate this
notification with the record of CC Docket No. 98-121.

Sincerely,
I
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Kathleen B. Levitz

Attachment
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Kathleen a.Levitz
Vice President-Federal Regulatory

October 5, 1998

Ms. Carol Mattey, Chief
Policy and Program Planning Division
Common Carrier Bureau
Federal Communications Commission
1919 M Street, N.W.
Washington, D.C. 20554

Written Ex Parte in CC Docket No. 98-56 and
CC Docket No. 98-121

Dear Ms. Mattey:

BELLSOUTH
SUite 900
1133-21st Street. NW
Washington, DC 20036-3351
202 463-4113
Fax 202463-4198
Interret. levltzkathleen@bsc blsccm

RECEIVE!)
OCT - 5 1998

PEOeRAI. OOMMUNlCATQS COMMI8810i'''
0/'Fl(7. Of THf SECREWlV

On September 16,1998, William Stacy, Ray Lee, Craig Duncan, Jerry Moore,
Robert Blau and I, all of BellSouth, participated in a videoconference with your
staff. Also participating in that conference were Dr. Fritz Scheuren, Dr. Susan
Kinkins and Scott Abbott of Ernst & Young. During that videoconference, there
was a discussion of variance estimation using replicates. A staff member, Daniel
Shiman asked for references discussing this methodology. In response to Mr.
Shiman's request, attached is a paper by Hinkins, Oh and Scheuren entitled
Replicate Variance Estimates - Reducing Bias by Using Overlapping Replicates
that the authors presented at the 1997 Joint Statistical Meetings. I am also
attaching a copy of a letter from Dr. Scheuren that offers another source for
additional information about this methodology.

If after reviewing this attachment your staff concludes that it needs additional
information, please call me at (202) 463-4113,

In compliance with Section 1.1206(a)(1) of the Commission's rules, we have
today filed with the Secretary of the Commission two copies of this written ex
parte presentation for both of the dockets identified above and request that it be
associated with the record of both dockets.

Sincerely,

~
/)

.. xt/.1U1~ ,D
, J

Kathleen B. Levitz

Attachment

cc: Jake Jennings Andrea Kearney
Daniel Shiman

Florence Setzer



!!J ERNST&YOUNG LLP

September 25, 1998

Kathy Levitz
BellSouth
1133 21 5t Street, NW
Suite 900
Washington, DC 20036-3351

Dear Kathy,

• National Tax
1225 Connecticut Avenue, 'J.W.
vVashlngton. DC. 20016

• Phone: 202 \2- hlH1Ci

At last week's meeting with the FCC, there was a discussion of variance estimation usmg
replicates and Daniel Shiman was interested in references for this methodology.

Enclosed is a paper that we presented at the 1997 Joint Statistical Meetings; it includes a brief
description of the general methodology, as well as our proposed improvement. For an in-depth
discussion (and examples) of variance estimation based on the concept of replication, we would
recommend Chapter 2 in Kirk Wolter's book, which is referenced in this paper.

Sincerely,

x

L- _

Fritz Scheur , h.D.
Associate Nation I Technical Director
of Statistical Sampling

Ene!.

cc: Ray Lee

Ernst & Young Ilf' IS a member ot Ernst ,'x Young International, Ltd.
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Sua.. Ilak1Ba &D4 B. Lock OIl. 118. and J'ritz SCheun:a. Inae • YoaDI
SUm RIJlldDs, 1122 IcNdl 5t:h ~~_» ao.-.. lIT 59115

x..,. 1ifOI:da: Ia,..te.....1•• ; P.rIIUl81lt:
bU_ au.bera

1.•ACK_OVID

A replIcate varlaqce .stt.ator c~
be ","luI when the font of the
e.t_tor Is cOllPla. or when the
sgpUq cl18trtbu~lOD h cGllplex. In
the -...pl. thaI: aotlvatacl this work.
the ••~1IIator. are sillpl. totals or
..... bue the • .-pIing diat:ribuelOllls
\1IDIielcly as it imTolvaa tba probability
of 'beln& in differene scraca 098r eble.

'l'he original probl.. of ineerest
grew oue of the usa of a p.naa:nent
randoa U'UIIIbas= (fIB) for sMPle
s.lec:.tion in the Sead..eics of Incoae
(501) • ..,le.. 111 particular. the
aDDU&1 s.-pl. of corporate tax reblra8.
This i. a attaeUied prob.bility SUlPla
deaipcl, in pare. to provide cro•• ­
secti«lal .sc1Jlac:ea of 1nc... ancl tax
{tau for a partic:u1ar year. Since 1e
ia an AMlUoal 8.-ple. e.Cillate. of y..-=­
to-year c:ban&e are al.o of iDterut,
and for useE'S within the Tr....ury
Depar~c» ebe priaary Interwuat 1a in
.04&11na econaa1e·and. tax dyoaaiC8 overt_ lI81ng the alcrodata. By usi....
pe11l8.ll8D.C raDdoa UUIIber in the saaple
select:1ot\. the year-to-y.ar 88llP1e
overlap is increas.d while uintaini.ng
the siJllpli..city and validity of the
cross-sectional esc~elon.

)eeause of the .-..pl. overlap, the
precision of ••tt.&c•• of year-to-year
chang- ...,. be greatly lJIproved.. lor
YariAbl.. vitb high year-1:0 - year
oe:.orrelatlon. t:he staddard error aay b.
redueecS by as aueh .. one half ~

cGlparad t:o iodepeodeo.t s.-plea.
Calculating 85tillate8 of variance is
8QJ'e difflcu1c, however, sinee ebe
probability of • Uldt being ·In both
smples dep8llc:ls on lu saapliag sttat:ua
each year, and thi. can chaDae.

Hinkina. Koriari ty. and Scn.ureu

(1996) describe the SOl corporate
saapl_. the ••l.ction usiq • PIB. amcI
the R8ultina year-co-year aqrlap. A
_tbocl . is &1""~ for definina
replicate.. UIIilll a PR1f. 80 chat a tmit
staytl in tile a.. raplicace over tf.-.e.
In !:his wa1. repl1c.aee vari.a"Qc..
.aU-tlem can be used for estbatiug
the variance of est:t.ate. of year- to­
year chanp.

ODe cl1fficulty with the replicate
procedure. 1a general. 1s t:h&t it doe•
not aCCOUI\t for the lbdte population
cottttetlon (fpc). In tba &!.aple rancloa
.allple c:ue, the rllpllcate vui.an.ce
estillate ia an UDbiaaad ••tiJaate of the
variauc. of the _an or total only 1f
the fpc can be ignored. The SOl
coxporate • ..,1. baa ....ling ratel; as
larp. .. '. S. in whieh ease ebe fpc
caDDOt: be cl1-.u.••c:l.

In this paper we deaC1Elbe a leneral
...uflcatlOD to the uaual replicate
ftd.llBCe e.t;~tor t:o a4ju.st for t:he
finie. population conectlO1l. Sect10n
2 a1ve. a b~ie£ .scription of ~he

replicate variance esciJM.tor in general
ancl describes the propo.ecl acljuat:aent
to the replicate _thodolo&y. Section
3 418cU84es the case where one wanes a
variance est~te for the original
esct.&tor cather than the replicate
.atf.aator. An exIUIple based on. the SOl
corporat. sazaple 18 given. Section 4­
brieny s~riZ8S the result. and
de8cribes future work.

2. OVDIAPPDIQ UPLICA.ft VAlIdC&
18UJa"lOllS

IlapU.cate variance estlmators are
useful in .....7 eas.. wbeJ:a the variance
calculation i. coaplax. as they only
reCluire. calculation of che polnt:
e.tt.&te (_an. ratio. total. e.tc).
Suppo.e ~. ..-ple i8 of size n where
~. "lb. d.epeudeDt rauclOll groupe
variance .stimator (eg. Volter, 1985)



FiiW1 1. Ov.r1applDg "plicac.s. k.-l

A. ~ith ~-l .Gr.mIa llnibi
1 XXx& X
2 It ttXt
3 X xx.x
4 x zzzz
5 x xxss

B. \l1th e-3 ~ Usle.
1 zsaz x x x
2 X XXZ& x x
3 x x xxxx x
4 x x X axxx
5 x x x ssss

is calculated by Ulloa a r~
IHchud.. to cl1'ride the supl. into G
grO\q)'. each of slz. a. The e.eiaacor
of 1ac.'C'••~. ..t1 X. ill ~lcu1&tecl in
each group. .x.. Th. replicate
estiaator and vari&Dce ..t1Jaator ax.

For ••t:~tora of -..us aDd total.,
the nplicac. eact.&COr is equa1 co the
Ddpual ••t1llator. aod with si.llpl.
randola saapllng ricb time. populaclon
correction (fpc), VI have

Z. '"' X MJtI B(Vi)" ....

!be repllcaee variance est1Jlace 1s a
CDDS.rvative ••U ..t., ~er..t1lMtUal
the variance. and 15 apprcndllat.ly
uobiased only when the fpe 1. <:10.' to
Ont.

For a stratified saaple. if the
fpc's wer. 'quAl for ",.,.ry stratua. one
could s1Jllply corr.ct 1:h. replicate
variance estimator. H&-ri.ng ncmccmst_t
fpc's aero•• 8t:rat:& would be t:yplul 1'0
bighly skewed populations and. 18 tr:ue
in the SOl .-.pl.: bene. a .iJlpla
adjusCilent: is unavailable to us.

OftrlamPlDc ague.c... . - For 1M)8t

alcuadcma. eben 1. a reascmably
.cratptforward "7 1:0 adjust the
deflnttlon of the replicat., 1n ordaJ:
1:0 pt .. app~~te17 Ullbiaaed
.atiaat. of variance. lfoca t:ha'C in r:be
cu. D1*C. 1:he expeceed '9'a1ue of the
var1aDee ..t~l:Or V1 can be writtlJ1
(e.g.• 1l01t.'C' 1985) ..

B(V1 ) .. VU'(1.) - Q(e:..U~ Cov(.t••4) .

If there i, 110 int.rnnati,oQ, because of
the fpc'.. taw covuiaDCe teXB beareen
the .at1Jlar:ora troa d1ff.rent rmdoa
sroup- are all equal an4 _ ..eiva. &I1d
V1 vill. as & resu1t~ be positively
bibed. What i£ 0118 could alter the
covarianoe "tween J:8pllcate 8st1llaeea,
80 that the toea! covariau:.. tera was
awroz1M.tely zero? Then, the
r.,Ucate variance .st1llator V, vould
be nearly unbiased.

..~ that the odpnal suple haG
been divided. ineo G dependent randoa
sroups ••ch of allto a. AJul UIlUlllt that
tbe group. are randoaly orderecl and
dbae the units within groups are
ramtoaly ordered. 'l'tum,.. can denote
dle B8IIple and. th. randoa groups as n
unita, 1, 2•... , n. wher. the first
sroup eonaht:& of Uldta 1 through -.
the sec:oDd group consbt. of un1Q at'1.
1l+2, ...• 231, etc. FiFe 1 shows an
euaple with D = 20 aDd. G ,. 5; lltlcb



group men baa .-4 .....n.
In paeral, we VaDt to fom G new

groups by rUMI..ly ••lect:1DI k unit. 10
tbe or1pnal aroup 1 to overlap vich
the MXt: ccmsecuti:" t group.. TIuNa ..
select lit UDiu frOll the orillM1 FOVP
2 to overlap with the paxt: aoueC\lcLve
t groups. 0Dl)' two values of t neeel to
be cODllidered: 1:-1 and c-3.

Figure 1 showa an ~le for both
o-l IIJMl ta3, usiDg pl. In each c...
there are still 5 rep11ca1:••• bu.t 'tV1fII

aaah replicate cOIlt:ains _ + t*k Uft1.c:s.
With overlapping rep11catu (k>Ol.

the replicace est1-.t:e ~ the toul. X.
no lOGIer equal. the or181~ .-.ple
asCbate of the total. X. But
cood1tioaal on dn••..,le achieved.

BtLl • ...,.z.) • Jt •

8oIN:ftr, the replicate variaoce
est1ltau. V,. is now an .at1.lMtor of
the npllc:.ate eatfaate t. rather thaD
the ortlinal satt.&t.l.

In the~ of t-3, tha re.triction
~5 .mel ~3 Is llee.d. which is DOt aD
unr....onable requi.r_nt for ~i.

(spltcat. ..tillates in general. Then
for t:-1 Dr t-3.

BeV1 ) • Vaz(.t.) - ht(k) ."Sa

By solvwl for the value of lit which
1Iaka. ~ (k) - 0, _ unbi..ed ••tillllte
" can be coucrw:tecl.

In the case t-t. If the s...,110&
rate aDd. the nuaber of replicate., G,
satisfy

then there Is a solu.t1on

for • .,11. rates no larger chan .5.
there is a SOIUUOll for aay value of Q.

Kost s..-plius deaips prolNbl)' fall
meo thi. catepry, 1.8. "leb s.-pU.ng
rates all Ie.. man or equal 'CO 0.5.
If thare are sa-aea r:hat are .elected
with probabll1cy 1.0. chen the usual
solution 1s 'CO laclucle the. ~tire

certainty stratDa in eaall r.pliC&t:~h. as
cI18c:uHecS later. For cases with
8apl111& raus between _5 aDd. 1.0. we
can use t-3. aDd the .olutton

satisfie. 0 < k < a/3 for all saapliog
raC...

Gbmzpipl b:1 D t=3 SiDe. ua1Dl
t:-3 p"". a sol\ltlO1l for all .aapl1ng
rat.. , -7 bother with dl. case c-11
ODe r:suOQ is daac m. cu. t:tool 18
...tar to CD'PSUuot. the .eccm4 r ....on
is that the cue t-l is IIOre likely to
result: in & reclw:.t:lon in. bias for
..ller •..,11q ral:es.

At the exac.t sol\Jc1on k. we would
have aD unbiase4 eaciaate. However. we
pc cmly an approxillately unbLase<l
.St:1IIaC8. V1• because k.ust be rounded
to an inteaer value. In order to
asltUre a cozaaervativa estiJaate Df
variAPca. ana sb.oW.d &lvaya round down.
Tbat is, in both c.... t>-l and t-3. one
CAn show that rouadlna down will result
1D • neptiva value of ~(k), whereas
rOUDCf,lna up will result in a p051.t1...
value. So ruund1nl down will result in
a (hopefully ...11) over-estimate of
the variaace.

Therefore. if the exac.t solu1:1on k
is 1... than. 1. we round down to 0 and
we cIo not reduce the bl.... Conditions
under which there will be a useful
solu.tion can b. described in teru of
the initial sIIIIIpl10& ra~e, f. the
popula~f.oD aue R, and. the nwaber of
replicate_. G. R...ly. if

which satisfies 0 < k S Ii. Therefore. then the solu1:ion k will be greaeer

..



than or equal to 1. ODe would hap_
tbae the vatua of the rlpt: band. aIde
of the i'Oeqll&11ty would be relatively
a1l&11. HoldiDa. anel C fixed J the
value of the right: baatcl side 1. 811&ller
for t-l than for 0-3. 'l1lu;afore J for
s~l1ng race. of .5 or we. !:be
..thocl of O'18rl.-ppluc replicates \Ul1na
e-l vill J:acIu¢e the bl_ of the
vui.aDce estiDc. for SllA11er • ..,llna
rat•• cOIIPared eo OYerlapp1D& with e-3.

'Drl.. is not such all tJaponant
coaalderacioa for lars- populations.
For axaJIPle, wit:b 8-100,000 Acl e-25.
one can pt & bi•• reduc:tiOQ ua111& t-3
for ao;y deaip with ....llq rate
greater dum .055. Usinc e-1, em. can
gat a biae recb:::tiOl1 for de.ips vida
5..,lias rata. <Iowa eo .02). But at
such .-11 .....1111& rate.. the bi.. of
the usu.al replicac. varianca ..tt.aCe
1a very _11 anyway. Ifowe'nr. v1th
.-.llar populationa. the difference CaJ\

be noticeable. Taka :tor exa.pla
8-10.000 and 0-25. Ualft& t-3, ORa pta
a nc:Juction 1D. the 1»1&a oaly for
aaplin& rat.. larger: than .17. U.ing
t-l. oue can re~ die 'bi.. for
aaaplina rate. .s low as .07. If ebe
sap1lD& fractiou 1. .1. using the
coafiguratioJl with e-) will not result
in a bi.. r.~tlon. but using t-l
will.

III genaral. cbe c.... wbere t:h1.a
..thod doe. not reduce the biu appear
to coincide wicb 8XaIIple. wh.re the
replicate eatblate --7 not be useful In
general, UMly 511&11 .....le .ize•.
ituta the populat1.oa size ia .~l, one
cannot have both • saal1 saiipllna rate
anel a large :cu.ber of replicates. This
does not seea unxaasonable; one cannot:
expect to \18. the replicace _thocl 1f
the .-.p1e ia very saall.

3. urLICA'l'I va QUCD&L KSTDrATOll

For estt.&tlon of ...n8 or cotals,
the usual randall groups t;apllcat:e
est1Jlator, with JlO ove-=lap, ls dle a.._
as the oriltnal 88tillator. Iu this
case. V1 is an ••t:1Mtor of t}le
variance of the original estimace, X.

Vben O'9'8rlapp1Dg replicate."are used.
ebe rap1:Lcate ut1U.t:or. x.. 1s GO
lOftier aqual to the or1pD&1 ••tlllator,
X. ADd the vu1MlCe of the replic&(:e
e.tlaacor will be luaer tban the
"arlaDCe of the orl&1ua1. _tiJlat:or.

Dati is ..e t-diately noticeable
with certainty strata. the varIance of
the orlliDal ..tiJlece i. zero. &y
i.ftclw:llna the eneire certainty .UabUR
in each rtrplicate. this propercy is
pr•••r:vacl aD4 we have

k."Z. V&r~) -0 1IlMI"s-O.

lfou mar: OM caulcl alao cl1'V1de the
certa1ney .trata iDeo G raDdoa groups
and .& the pneral aolutiOil vich t-)
co fineS a ftlue of k < 11/3 tb.f.t reault:.s
in an UDbi...c:l .st1.aa1:Or x.. and an
approxillately 'Ilb1...d vari.p\ca
••c1llator. V, for X.,. kt: tb1.s i.s DOt
the ~.c .olutiD1l for certainty sttata.
in the .eIlSe that

.t. # Z IUJd V4r(.I.) ) VU' (.I) -0.

In other ca... as well. one ..,.
want. npl1cate varlaDCe _tt..te that
is aD aiueel ••tfJlate of tbe v.riance
of the orilinai • .-ple eatt.&te. This
Call b. 40Da WJinK the fact: ~hac:

Vii%' (1.) • vax (.I) ".8' (Ar (1.I.traIIIP1e) ) •

In th_ ca•• 0-1, we find. for eocals,

B(l':) .. var(J') - lI(h (Id - k(.-k).N) s~
1 ~ n (lIt+k).

where 11, (k) w.. defined in Sect:ion 2.
By solv1.n& for m& value ot k. say ~,

that .u.a the coetficien1: On S2 equal
to zero, we have an UDbiased .atiJqate.
In order lor 0 < k, S ., me SaM

cond1t1oll .a before Is required, aad
the 801U1:1on i~ teras of th. proportion
of overlap b

k, Ie 1[£_~ (1- 1- 8.t(Q-l) )~
• H ~lr (G+l):II I)



Tabl. 1. barple of Ovexolapplag RepUcat.. for Stratifi.d. Deeip, G-25. t-'l
lelati....

1Dcoaa. in Va

Stra~ ... lit. • ... k, ka Uei• Vldl
k, ~

1 140,000 7,0$0 282 1 13 .024 .042

2 50,000 2,950 118 ;) 6 .025 .046

3 21,000 2,950 118 6 12 .049 .084

4 20.000 5,950 231 49 92 .160 .176

5 10,000 5,000 ~ 200 13) 184 .161 .040

which li•• between 0 and 1.
Th.re are senra1 cbolc__1:'.

For .. g1",n value of t. .U:b.1:' t-l or
t-3, tha1:a are cbr.. replicate
esc:iaatorll of interest. naaely those
..aoclated with k-O (no over1ap) o~

It-k, or It- k,. "1t:h each replicate
est!aat01: diare 18 an 8880CUtecl
rel»licat. variance e.c~cor. V,{k).

Usioa k-O. the replicate .sts.-tor
is the .8M as 'the original e.t:iaator.
Buc tbe •••ociated vari8DC. ..tiaate
V1CO) c.u be NC••cllog1y COD8.rvati....
wilen the sapliDg rate. are 'DOt ...11.

Uaing ~. V, is an approziaat.ly
UDblaaecl eatiltate of the varlm1C' of
the replicate esdmat:or. It is a
cODB'rYatlve utiMte of the varl.-aee
of the oril1D&l .n1a&tor. '11'aat is.
using exact values of k. we would bave

B(Vt(ks») - V'art1.Ur1 » ~ V.r(..f)

Uaiac ~, v, is an approx.1Jlately
WJbl....4 estt-te of chI variance of
the ~iaiDal .stiJlator. But V, wIll
UD4er-••t:1IIace t:ha varlatlce of 1t.
associated replicate estt.&tor:

For besr: result.lt. one needs to
decide on the ..tiaat:oc of intereat
before daterai.ning tha aJaOWlt of
overlap in the replicat•• , or .1s.
provide aore thaD ona dafiniticm of
replicates. For a general purpose data
b... , a reasonable cmaprOlld•• aigbt be

to uae the COIJIIttuctioa nth lilt overlap
of k, UD1ts. "l'ben v, 111 an unbi_ed
esciJlace of r:be replicate _tillata of
the total. A1ul, aa we will se. In the
next exaple. weo t:houab it i. a
b1••eel (but ccmeenaUve) eatJaate of
the variance of t:ba orip.a.l ••d_eor,
it can be 1IlUCh better than the US\&&1
replicate variaDC.e ••tiaator.

An " ..I. frw SOl -- tab as an
exaIIple & s1Jlpllfle4 veraf.oG of .~ of
the 1IDI1-certalnt:y SOl strata for the
reguUr co~or.tlODS, as shovD in Table
1. the .econcl an4 dllr4 col~ give
the populad.on an6 .....1. abes
respectively. U.1Jla 0:-25 r8\)11cate.,
the fourth co1u.l shows the resulting
orlJf.Dal group .be. •.

Slnce the larl••t 8.,11ng rat. is
. S. we can Wle ebe configuration t=-l
for .11 strata. Columl 5 gives the
value of k" the nullber ~ overlap in
order co get &1'l approximately unbiased
variance estI..ee of the replicate
8sc1Jlator . Col~ 6 shova ebe value of
lcz. cba overlap needed in order to use
VI as an (approxbately) unbiased
••U..t. of the orlgi.Dal stratified
est:bace of t:be total (or _an).

the laat two colU8118 show che
relacive Incr.... in varianc.. by
strata. if 1fe use the replicate
.stiJlate of the total. coapared. to the
orialnAl ..lghted stratua e.tilute.
For 8XUlp1e, In stratum 3 using
overlapping replicates vith ~, ~he

variance of the r~licata 8st:iJu.ce. 1..



18 approzt..tel,. 5, larpt' tyn me
variance of the usual .stt.&te X.

lor too-l, the -.xlDua increase in
varianae occurs at It- al3. So if
k,<kz<ll/3. WlJ.na II:z re.ules in" a lug.r
variance of X. tb&n us1n& k, ~ Bue i£,
.. in st:ratua 5, a/3 < ~ < lEa. thea
the variance of t:he repUcaee ••t:~t:or
uaillS kz 18 ...t.1er tbau t:1ua varl..ce
of the repllcate eat1llator ulU1 k,.

Suppose we are inureated in Wl1a&
v, &8 all .a'tllla'tor for the 'Y'IIrianc. of
the or1&1D&l stratified est:fJlate of the
total. Ve Cml calculate t:be relatl""
bi.. , B. of the _tilNtor V, ~k), for
each value of k:

II( v1 (k» - vartf). (1.B(k)

where B c1epeDds OIl popu.lad.on acd
saaple sizes. the maber of rep11caee••
G. as well .. the size of the overlap,
k. Table 2 shows the relae1.ve bi.... by
atr&~. Note chat even thou.p It, 1.
not opt1lllal, 11: li~ cOJUIlclerab1,.
bett.t' •• t ....tes of the variance then
che usual r.p1icat:e vadaDce estilaate
(k-o) , especially when the fpc 18 aot
close to on.. Ancl it should give
apprOX1.ltat:e1y UDbla.e4 eat1Bat:e. of the
replicat:e escLDace of the toea!.

Iabll 2. llelat1~Blu in VI" for
Istillacing X.

StratUil k-G I k-k,1k-kz
1 .OS3 .025 .003
2 .063 .034 .007
3 .120 .059 .007
4 .420 . 164 .003
5 1.000 ·161 ·0091

The relative bias usi. k-kz shoulcl
be zero. It is only a'PPr~tel,.%ero
because k is rou.nclecl to all inteler.
The bias in seratua S is so aueh
slialler than the others because in this
cu. the Ract value of k 1a 184.03.
c~a~.d ~o st~a~ 3, Where the exact
value of k i$ 12.8. .

Suppose ve decide t:o define the
replicates using kz. In each stratua,

,

.. rBDdDaly· divi.d.e me • ..,1e tmits
tDto "25 groups and raftdDll1y order the
25 groups. In seraeu. 1, iu each p:oup
of 282. we rancloe1y select: 13 unit. aocl
inolUde the.. 1n tile -next- Il'OUP as
_11. etc. 'rherafore ~h ~.pl1cat. in
.trab. 1 will ha-n 295 un1cs; each
repUeau in atratwa 2 will have 124
\&la, etc. 111 this way. 25
replIcate., each of size 2,021 are
fomecl.

'DIe relN1.ta shown here 1IIply that:
wileD t:he. fpc fact:or caDQDt be ipored•
.. coulcl illprove coaslderably over me
usual dependent: group estiJlates of
variac. by uai. overlappinc
repl1caie.. And thu techu1q\W La
pro&r--.ble. The -cesults .bo1m be~e

are exact for the r:elatively
unrealistic case where.....-*G. In
practice," ". wi.11 have sa.e slight
varlatt.ou In the abe of repUc:ates (.
va til) and for overlapp1ng aies it:.
1RNld be .ore cCIfIIVmlient to Wle a rate
of ovulap, k./-, .0 that there IIdgbt
not be exaccly k unic. selected each
tf.ll8. Ve are in the proce•• of doin~

staalation studi.. to evaluate the
reduction in b1u uaiDg thb technique
1n ~r. X'e.llst1c «:oJUl1tlol\ll, and in
the orf.&i.nal probleJR of estiJlatlon of
year-eo-year cbanp.

UJ'IUIICU

Cochran, W. (1977), Suplillg
TechnIque., John WII.y & Sona. Inc .•
Rft York.

Hinkl~• S _ lIoriarlty , C. , and
Scheuren. F. (1996), -Replicate
Variance Est:1Jaatlon In Suaeified
Sqp;11ui with Penunent RanclOlll
lfuIIbers", Proceedln&s SftCtLon on Surv_T
Research lIechads, American SClJCisC1csl
b.ac:iatian .

Wolter, It. (1985) . Introductton to
VarIance EBCLm8tion. Svrin5er.Verlag.


