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Abatract. The {onmumer Expanditure Surey in 4 tao-atage probability sample of 118, houee-
holds. Lika ather 1.8, hrusehald mrys, if is oedesigned in enounetion with the decmnnial sanme.
Twi bay rtratification wariables (eoofract rant and housing wlne) formearly eolledad on the short
form of the raoms will e unasailable for the pear 2000 cedesign. Tn the 2000 rAnAus, thees wariahles
will b asmilable only from the long form, A emghly one-in-six gumpla. Lom of thees stratification
wariables has led fo eemeideratiom of thees albeenaliwee sheabificakion cn emall deomain eatimakes
frem the long form. fare-phare sampling for strakification. and & enmbinakion of thees tan ap-
proachen. Salection bisn may aries in the long form doe tn acnrepones of rempled households or
“nnverrion” of nonram pled houreholds, which may oeeur if long forme are delivared fo the aTong
asddremmen or follome-upe go to the wrong househalds. Quasi-random smpling modeals for both selec-
tiem probleme ame deveopad. Mean squared eemor approdmakions are decived ueing an asymphotic
framewrk in which the number of emall domaine besnmes large phimal mesan squaned armor
derignn Ara aonRidemed.

Koywards. Dxuble sampling, nonresponsa, salection bian, emall demain, twe-phane sampling.

1. Intraduction

Tha Conautmer Expandilure Survay 8 A Lwo-alags probabilily sampla of 8. housaholds,
designed Lo rapresant Lha Lolal LS. eivilian noninglilulional populalion. Primacy aampling
uhila (IS8} eonaial of eounlie, geoupa of eolblic, of ibdapandanl eilie, Saoupling wilhin
I'SL%a involves alralilleation oo housshald aise, Lanuea [panl fown}, aod eonlreel panl o
bousing valua calepories, available from Lha shoel Ioem of Lhe deeannial eanqua (Bureau of
Labor Slalialica, 1997}, The ranl and value variables are pacliculaely impoclanl alealilars,
ainen housing axpandilures ara Lypically larpe and hipghly eorralaled wilh olhar kinds of
axpandiliueas,

In Lhe HWW} eansus, Lha renl and value varinbles will nol be availabla Trom Lha ghorl Torm,
biul will be availabla Foo Lhe long Goron ["Che Long foeo s soughly & ooe in aix aubaaeaple of
Lha shorl form } Baeausa loss of Lha ranl and value variables s expectad Lo lard 1o & loss of
allicianey in elimale fom Lhe Conaumar Expandilues Surwy, Allarbalive Lo Lha currant
alralillenlion achama are uoder inwesligalion. In Lhis papear, Lhres allarnalive designs ave
confidarad, and eonlrasiad wilh Lhe eurranl desigm.

Tha Nral allarnalive is Lo sutsample from Lhose housabolds which responded Lo Lbhe longe
Lowtn, alralilying diveelly on panl o valoa (or on addilionsl siealiQars avadlable Do L longe
Lorrn}. This is Lha clrsgienl Lwo-phrae sampling for alealillealion. A polanlial eomplicalion



in saleeLion hing in Lhe longe lorm respondents. T'wo saleclion mwechanisms are of eonearn.
Tha Nral s nonreponss: aooe sampled wnila [ail Lo sapond. The seeond will be ealled
“eobwarsion”: soma nonsampled unila are conwarled Lo tespondents. This ern oecur, foe
axampla, i Long [oems aea dalivarad o Lhe weong addreesea, or lollow-ups @o Lo Lha weonge
bousaholda.

Bolh nonresponse and eonvarsion ean laad Lo bing if Lhair propanaily i selaled Lo Lhasludy
variahles of inlarel. 1o Seclion 2.2, Lhis problan of Lwo-phass sampling loe slralilealion
wilh noneeponse and eonwaraions 9 aludied in Lhe eonbaxl of quadi-rnd om aaopling o -
dla Ior bolh seleclion mechaniams. Housshaolds are assumed Lo indepandently eespond i
aeleclad , or eanwarl il nol saleelad , wilh housshold-apecille probahililie.

Tha seeand Allarnalive ig Lo eompula amall domain slimala of ranl or valuae, and usa Lhesa
domain-lawl alinales Lo alalily all bousabolds within Lhe doowain, The amall domsins
enighl be dallned as blod grours within parlicular wnues elass by housabold sies elasaill -
caliong. Than, lor axampla, Lhe hlock-peroup avarages of ranl fom Lha longe form lor ranbed
Lwi-praraot bousabolds would ba used in plees of Lhe acloal panl Lor Lhese housabolds. D
Laila ara giwan in Seetion 2.3, This aLralagy of sLealilying on amall domain aglimales anladls
Ao Losa of alieiancy.

Tha Lhird desipn allarnalive 9 Lo eombing Lha Oral Lwo, drawing an allicianlly alealifled
aampila [eom Lha long loem respondanta, bul puaeding ageainal polanlial bisg by deawing an
addiLinnal sampla [ram Lhe remaining onils, This addilional sample ean ba alralilled on
amall domain aaliouales of ranl and value bom Lbe Loog loem. Tha Leo paela of Lbe sampla
can ba waighled a0 Lhal bisg i nol & felor, or ean be waighlad Lo leade some bisg Do
amall varianea. Oplimal mann aquarad arvor deaigna v eonsidared in Seeliong 3.2 and 3.3,
Nurerical axample illualraling Lha peaulla are inveslipaled in Seclion 4.

2. Prelminaries

In Lhia saelion, polalion for alealillealion is inleodoesd , and quasi-raondom aemgling oodals
are davalopad Lo deseriba noneeponas and eonwaraion peobibams.

Lalfr ={1.....4,..., N} danole Lha universe of imeonediale inbareal, which e owe purpose
wiollld be & prelicular Laniea elras by housahold sisa ealagory wilhin a S0 Lo axample,
Lwi-praranh ranled households in Cook Counly, The uhivarse g divided inlo £ digjoinl
domaing, a0 Lhat & = WP £ Uselul domaing for this diseussion would ba bloek groups
o mm.lln.r peograph e EILlhlilvlﬂlﬂﬂﬂ Lal M; denola Lhe numbar of housebolds in domain
Ly, and noba Lhal & = T8, M:. P eonvenianea, wa piodel Lhe {M;} as indapendenl and
idanLically distribuled (iid} random sarinbles.

For ench j & {f Lhara is an auxiliary variable, Xy, for Lhe variahle of intaresl, ¥ The
auxiliary varinble eould ba eonlrael panl or housing valua in Lhis applicalion, while Lha aludy
variable of lareal would ba some meraura of eonsumver axpandiluee. Thea Lwo v inble



are asumad Lo ba realisad rom an infnile auparpopulalion model in which
¥j=a+ 3K+,

whare Efey | Xy =0 and Vare; | Xy} = (X} for all Xy Assume Lhal Lhe {e;} ara indapan-
danl of Lha donain sises { M}

Il ia desirable Lo alealily Lhe population on X Al Oxed hrask poinlg {z5} inlo & alrala,
—ae =Hp SR, L Sy, .. EH 1SS ey =00 Lalduy =1 lwp 1 < Xy < 2
and Jgy =0 olharwise. Dallne
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21 Twa-hese Seipling for Slralifirelion

Il Lha {fpi;} and hanea Lha { NG} weara known [or all A, ¢, §, eonvanlional siralillealion eould
b used. I Lhe {ige} ware nol koown [or all alements, bul Lhe { A5} ware aceuralaly known
[rotn sonne axlarnal aoures, Lhan poal-alealilealion of Lhe panlized saople eould ba amplogpad.
Wa eonaidar Lhe easa in which nailhar tha {fgg} nor tha {&a) are known. In Lhia ailualion,
Lhe vsunal remady 9 Lo wsa Lwo-phase sampling Lor alealillealion: Lha Oral phasae, in which
Xy ia mensured, Allows ealimalion of Lha {Ng} and airaliflealion of Lhe aampled alemantla oo
[fris}; Lhe second phase aample is Lhan A siralilled aampla Lor which ¥ s mensursd (e,
Cochran, 1977, Chaplar 12}

In our easa, Lhe Oral phase of sampling ia Lbhe longe [oem, which will ba approcimaled as &
aimpla randoon aample wilhoul replacement, wilh sampling rale 4. Lal Ay = 1 il alamant
7 of doonain 1 ia seleelad for Lhe dral phase sample and lal Ay = olhar wise.

2.2 Selenlinn Prahletnsg aod Qued-Hendomm Sempliog

Tha Dral phaae aaoapla s aubjecl b Lwo kinds of salection problams. The Dral s nossesponsa:
aomw Aampled elemanls [ail Lo respond. The aesond will ba ealled “eonveraion™: aoo
nobarmpled alamanla ara eobwvarbed Lo sespondaenta. This ean oecur in loog Dort aaoupling
in AL lenal Lwo ways: long lorms can ba dalivered b Lha weong add resses, o follow-upa enn
o Lo Lha wrong houssholds, Such eonvarsions ean lead Lo hiss problems if, lor axampla,
Lodlow-upr inlar viewara land Lo raplaes nos-vacanl housaholds wilh vacanl housabolds.

Quasi-random” aanpling nwechanisms ava uwsod Lo deseriba bolh of Lhess salaclion preobilams,
Lal ffz; =1 il A response ia oblained [rom alamaent § of domain € and el iy = 0 oLhar wise,
Given Lha Oral phase aaoaple, we rasumns Lhal Lha (W)} are indapandan Uy disteiboled as
Lhe Barnoulli mixLure

Byg| Asg o Bornoulli{mghAsg + Bernoulli (s} (1 — A}

Lhal ia, il an alamanl 9 sebecled in Lha Oral phase sample (Ag = 1}, il teponds wilk
probabilily my; if an alamanl ia ool saleeled in Lhe Dral phase sample (1 — Ag = 1}, il ia



converlad Lo A reapondent wilh probabilily sz Lo oblainh An Raymplolie mann 3quarad
arror (maa} Rppeosd alion il 19 albemalically sonvanianl Lo weila
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A awralifled sipple random subsample of ovarall aise v = T8, vy ia selectad Cromn Lhe
respondanta in Lhe fral phase. There ae T, g Yaigflyy reapondenta in alralum f.
Dallna tha { By} within slralum A as Lhe sample mambership indiealora of sipple random
anonpling of sies v from B8 T s Tay My

Tha salection problems deseribad abow lead Lo Lha possibilily of design bisa il elialion
is basad aolaly on Lhe subsampla lbom Lhe respondanta in Lha Dral phase. Ona allarnalive s
Lix derow Lwo aubaamples: ona kom Lha gal of Dal-phasa reapondanla, and ona Teom all olbear
alamanta. The Neal sutsample ean be alicianlly siraliled on Lhe X5} A deseribad abova,
biul Lhis i ol posaibile [or Lhe aecond submampla,

2.5 Sleeliftrnlion an Small Domed Kolimeles

Inalend , alralilealion [or Lha ramaining sal is braed on amall domain ealimales of Lha arn
of Xy The {X;} are maumed Lo be realized [rom A amall dobwain pwodel, wilh normal
eandorn allecla for Lhe domaing. (The normadily asumplion maked earlain eongulalions
more analylically Lractable; similae sompulalions ean ba oblained nomearieally foe Lha non-
pormal ersa} 107 € L5, Lhan
Xy= px +nu+y,

whera {4} ave iid N((, 73}, indapandant of {#y} lid (0,72} (nol neemanrily normal}. Asaume
Lhal the {ry} ara indapandant of Lha domain aisea {M;}. Wilhoul loaa of genaralily for Lhe
vArianca compu laLiong of inlarel, Lake i =0 and uy =10

FurLhar asauma Lhal Lhara axial aslimales {4}, hased on long Torm samples of aisa {200}
(< A < 1}, of the doowain swana {4}, Asauma Lhal

% 9, Ms e N (5,3 (s}

indapandant of {#} and indapendant of {e;}. Beeause Lha {5} will be sampla maana or
closaly-relaled elimalor, Lha assumpilion of normalily should hold AL leral approximalal y
peovided domain aample aibes ara ouodaralal y Laepa.

Tha popuwlalion is alealiled oo {5} al Lhe Oxed brank poinla {5} inle H aleala; Lhal is,
all alarmanla § in domain € ave in alealom b il

T o



whara £5 = —oc And £ = oo, Lal

J__{].? 1f151€*?;££a,
B0, olherwise.

A alralillad aisaple random subaample of ovarall sice v = T8 vy 09 salecled from Lhe sel
of all alamants which wara nol respondants in Lha dral phase. There are TF o yan, Jaillig
alarnanla in Alealum A, wheara

iy =1 — .
Daflne the {C5) wilhin alralum f aq Lhe sample membarahip indiealora of simple random
anmpling of aisa wy from T8 Togr Jraflyy
3. Main Resmhs
X1 Asyenplolie Mens Souared Erar

Lndar Lhasampling framawork deseribed in Seclion 2, wa seak an Asymaplolie Approsi maLion
Lir Lhe desipen e of Lha el ionalor

1- i'i’-'ﬁ i =, Lagcin JHRHEF—-J 2 gan ¥ s Cigflyg
N fip

e E =l Efcm g ity B Ty ﬁiwﬂqﬂ.;
b

whara

5 = Tt Tyen, By
N

and § < o < § 1. The asymplolic maa approximalion ia oblained by approximaling Lhe
aquarad design hirs and design varianes of Lbhe esLimalor abowe, normalising by mulliplying
by L2 and eompuling the peobahilily limil (ubder Lha superpopulation odal} of Lhe noe-
malized maa as £ — oc. Tha ehoies of Lhe waighta (1 — 423} — 4} 7 and & insures Lhat
Lha desipn hirs doss nol dominale asymplolically. Dillarenl ehoices of ¢ land Lo dilfaranl
deprrans of mymplolie varianes and hins:

oo = 0 impliea (1 — 44811 — 5} T = (1 — 3} ', a0 all waighl ia on Lhe inaficienLly
alralilled sampla. Tha eslimalor ia hinsed.

e = 1 implien (1 — 948}(1 — 5} 7 = L, 90 Lha Lwo eomponanta ara aqually waightad.
"The aalimalor s unbinsed.

o4 =5 Vimpliea (1 — e45}(1 — 5} ? =0, a0 all waighl s on Lhe alicianlly alraLilled
aampla. Tha ealitnalor is hiased.



Dwilailed dearivalions of Lha limiling normalized maae are amillad. The resull, allar sonsid-
arabla aienplilealion, i

b |
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Var e, (Y5} =

PR =
And |
L
AE[M: 1] A D
Il is paquioned Lhal i3 = 0 and gn > 0 lor all A I Lhe domain sises Ave sonslanl, M; = uar,

Lhan Cowar(¥7, dig} And Yarg (¥} raduea Lo Lhe usual uneondilional eovarianes and varianes,
whila Vararzr(¥7} and Varagy, (¥} redues Lo wilhinalralum varinneas.

h=

Tha reaull (1} ern ba rawrillan s
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Tha Deal Lacon in (7} ia Lhe aquared hira, due Lo bonreponse and eodnvaraion. The second
Larmn ia Lhe varianea eonlribulion [eom aimnple random aampling in Lbhe Oral phasa. The Lhird
Leartn 8 Lha varianes eonlribolion Do Lhe g uasi-random Barnoulli mixluea sampling, and
Lhe Dnal Lwis Lars ara Lha varianes eonlribuLions [romn Lhe Lwo kinda of siealilled aaopling
in Lhe lnal phasa.

5.8, Optimal Allseation

Wa nexl eondider Lha allocalion of Lhe armpling rasouress Lo Lha Lo aubaample. Asaome
LhaL Lhe ovarall aneapling rala is Oxed: f = e+ (1 — gle*. Dallna

E ‘(1 — }HVMMJPI:Y}}

and
o

(R
Vir = 3, - Varaom, (Y7}
A1

Assumw proporlional alloealion wilhin apch sutsample, a0 Lhal & = " and g, = . Than,
by A slandard eonalrained oplimicalion waing Lagranga mollipliars, il ern ba shown Lhal
Lha oplimal subsample sampling rales aca

e (1 $a)V5
(1 = gpra fagany? T }wu-ww‘?f’}

and 103
ﬁﬁﬁmvﬁf .t
i 113 AaE
WAV 4+ (L — pPAL — eV

.;F:



35 Oplanel Weinhiig

Il rarnaing Loochooda Lhe oplimal waighling eonalanl, 4 < [0, 1/ 4], Asauming oplimal allo-
calion a9 givan abiwe, Lha oplimal o s giwn by

o _Vi-All- Pﬁl’ﬁljﬂf'lﬁﬂf—ﬂpn
opl. = Ve + A et — AV Vi)

w b
3
[ {ACowar(Yy,my} + (1 — ApCovar(Yy, 551}
W\’”MEE’E}AU — 3}r — &}
+m‘-’”ﬂf[ﬁ] {Ar{l =} + (1 — Apk(l — }}
And

A= - a1 - VR

4. Numerkal Exampla

Figura 1 ahows asymplolic mean squaced arvor a8 A Tunelion of ¢ e various degres of
aaleclinn hina. Sluralum brask poinla {5} wara chosan Lo maleh brapk poinlg Ioe esded
value of owned bhome in Lhe 1390 CE desipn: (24, 29,203,354} = (%, 16,2535}, The marn
and varianes lor X; ware compuled aa Lhe grouped mean and varianes [rom A [requaney
distribulion of housing value [uaing an upper andpoinl of 85 and Leaaling Xy Ra unilormly
digwribuled oo anch of Lthe reaulting Ow inlarvald}: uy = 13055 and o5 = 316.6536. The
fime of anch of Lha £ = 200 domaing waa sal aqual Lo & eonalanl, M; = 50 Wilhin anch
domain, Lhe X; wara dislribuled as dependanl normal random varinbles wilh eorralalion
13/13, and Lha ¥] ware modaled as

1
Yy= ﬁﬂ"%ﬂjr

wilh {e;} iid M{0, (0.3352}9). Thia impliea Lhal Lhe eorralalion balwean Xg and ¥y is 6.

Tha [ral phase sampla was simple random sampling wilh rabe A = 1fG, Lo rallecl Lha longe
Lortn anmpling eala. Pacamabara of Lha saleclion mwehaniam weara sal al §, 0.4, o 0.8 Do
Lhe eorvalalions Corr(¥7 my} and Corr(¥7, kg}; 0% lor Lhe response rale, o; and 002 for
Lha eonvaraion rale, k. The dnal phase of sampling eonsiglad of Lwo alealilled subaample,
wilh owarall aampling rale f = 002 Sampling reroures wara oplimally allocaled aeroas
Lha Lwo subsamples, and propoelionally alloeealed wilhin anch aubsampla.

In Lhe absanes of seleclion bina problema (e, Corr(Y7 my} = 0 and Corr(Yy, ki) = 0},
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Figura 1. Aspmplolic mean sguaced error lor [he combinad eslimalor willk waighlog pa-
camalar o Varleal mBranes lsa b al Lhs oplimal valus of 4.

Lhe oplimal peocsdure 8 Lo pul Al weighl on Lhe allician Uy alraliled subasmple Dom Lhe
Oral phase (3 = 5 1}, As hing becomaa more of & problam, Lhe oplimal procedurs shifls
Loward Lhe unhinsed waighling (4> = 1}. Tha unhinsed waighling proesdure ia nawr e fom
oplimal in Lhia axampla.
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