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2t SAT AREA e 9% BEZAY A ASTA, FUA) L =2 FAMM
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AAY AL Y8 BEFANEE AFHow gt Ao WaST B =FAAE
REA ANE 9% 279 BFAVEY =9 2 B8 A5HS HES B7] 98 FARAA
Agn Qe Say 2 Anag $AZRA F AAATA 2% L 24849 S
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A3 -7 592X FA 0 27 FUER A 2dY AR AF @
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Ao} B ATF 5ol daldE HRY FRo| W e FE YA TP LA

&5 8l o Ax9 AlTT FY &XGd b A e FAE A7 H8)
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7b 53] Hol 27F AR R ALt WHoERE 4F
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@AY T, e gol A FHez FHLE ANES vEd B olyg ‘Ad9Y F 5F
AFP-AE-AF 2FH 2L F2 FAELIADTS YERd .

S$evet %74]74011*1 AANHE Eavd FARAL FAGEAT FAZA 59 F
2 WEAAE YRR 167 AEEA, 294 2L 58 PAS BHomw FERHAH
A3, wEtA o)¥ ERZAALY EEAVE olF 1674 AEANLE JFoz HA
FE9 HE(precision & FAF}EE AAH7] i *zl‘ﬂon gFets gEANE
W% zolxA frh o] AL 7 Ao HFeE FEVS ALEE DA (direc)E A
F2 AR Yo Eﬂﬁﬂlib AY de FIGE xﬂ%—%}xl 3t} o)d wbE] zHH
(indirect) FHAYH L HEH3 FEAVE RIste WHOZ #4138 Ad9e AHAH =&
g Age HA JRE O]%GMLP AAA EE 2 EAZRA Y] B3 FEE oL
= Ao|t},

AFAYHE T3 249 FALA7IHLE 114719 G332 174719 9H1+E¥°ﬂ*1
a Abgo] BAE T ¢ 2™ (Brackstone, 1987), I o]F oo #E tiokd dLARE
gol B 4 glon, dA B YA F2 HAEFAE A= b o ol 1—1
FHo2 #4831 v}t Ghosh9t Rao(1994)= o8 Axd FA71Yo] t)dh F-§A
a] 2 7HES AR Atz 91ow, Rao(1999)E o] HokdlA /AdEn e

7] W (model-based) FA7|HES THOE FHIT A1ESZ AAST Y.

°l€i A3 8 FdE BT o Sy A, €Y, 3Ly T A
AAA71BANE 08T £2AF FARA7IY B Q77 vjRE Aejolx 0}7—".77}
A old e BEY BAAAS YA HolE & A,

A AFHoE 2xXYG FARLY 7IME AMEEY] HAE BEZAA AH 4
AR = #SZHFY B9 oz 7P&94 AM 2 12 FARANE T8 48 F e
Td HRE FHHoE gEae o] W TRV i dutygoez dald gl
= IHFIHE ad= *}%EPL Aol otz A &Abeo] whet ofH BE HHE
g83te 7)1E9 FAHINYEL LA FAHARGEY FLY AANE AR UA FES
o Al o2 H3F < “—1%‘%}%% e 2ol dastg, kA A2AY FAH7IYEY
g4 24932 AHE AUz A2EQ 2o a7Hn, o A XY
7188 =9 74 S HES 27l 98 WS AgE B9 sigeAw AAHEA
o «u g 8*—123%’301] g XY FA7He) HE Aldd s FHHoR =93
Buzt g} ‘
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A& B AFAAE o] Boky HEH] =FFo <2l Ghosh®t Rao(1994)
ol AAE A2 £ 71E 249G FARAIEAN HLHE FHUHE FY0)
we} 7has] A o7 FAAAM dAg =iy 2
Mul2g F2AF A% F AAFIA Y s 2 AHY ARE VFLE dd FA
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Gonalez(1973)0] w2 F4 34 F(synthetic estimate) T
‘o g diX el diE) EEZAIE T EHFHgo] Fojx|a,
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BE 7HAS B4Fo2H A E(precision)®] A 7HsAel glold axd FH B

o] 2t}

ol TAHHoE HHRY RIEE F9Ylarge domain) 22 YFI (XY, g9
Qo) E FAL Vi 2 dehiA 228 g9l gE $AE ¥V, = 2Y, 7
B3, (499 A AT V= TV, 29, BREErE 99 ¢ a9
24, Yoo A4 3% ¥, ¢ 2¢
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QD¢ 25 3w 29 24 Y9 A9 23z% V(= 2? ') 7 oA

E AAAANE 5% & DPemi= ¥V =27,

E:4
4o AsE P e awmos uzgme guE @
? ’

P, = ( =~ )X,g otk o) Feld T, & AT AL QDAY 2L

. g X . .

"

< ? Pl ZXI ( £
(SYN), g X .

(design-based unbiased)® Z=Thd ¥ igpy ;9 Hel: then 2o}

A

of At Y, o AMez AAvY ¥HA

- Y Y,
E(Y (sym,i) = Yi= ;X"g(X.g )
Aol M E = TE 9 d Bt 00 B ¢ £ 54T B2 X,
g 4

iR, g9 2 27), Ng2 $2d Y,= Y _ 9 9 "7} 09] 5
B Aotk ol AHHL we AgAolelN FAFHFY A WAL EIHAG
93 g & Atk "Wk wASAT AQDe FuZ W o] FAF BAL
Yo gabe maAw g @ & v

i

2. BaEY

Ag FA%] $AHAS GAFAF Hlol e AZ wAT F
2 5 23 AR ASE WEE 44T & dbd, o9 F &
RS AHEste Aol B35 F(composite estimator) o] T, B §FF A # o
Q1 Heje obeeh 2o,
| Y coup.i = w; ¥y + (1- ) Yy
AN Py ARFRPoln, Py vHFAReE, d8 5o Pue 2az
AF Ve, Vue ga3H ?(smn—g— Aee F Ao w = ADEA A
HE 03 1AMo1 o ZFFatolth.
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q7tFEE e Wil drth ‘
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2w ZV BRIV Ee BERESY FTA4 E}E}/‘i"} 7bEgkol edrinh. 9 A
Drew S(1982)2 ©&3 2Z& 75ae AMEstE, E%iﬂ«]% —’}‘—xé%*(sample size
dependent estimator)-2 A ¢ o}, ‘

ixg =y 27, N;o 49 gB3ee Nolan ¢ 9

1 , N;=6N; 4 o
k2 aEx] e
aNi y o3 ] e IIH
A7l N 93 Q& Relm, 05 §AFADY JdES ARH FE, Q9=
HAEHE AFgolth, @2 S0 Canadian Labour Force Surveyd A% 6= 2/3
Abg8ta th. E£3 Sarndal® Hidiroglou(1989) % 2](2.2)9F A 7H24¥ & Al

3. EBLUP F#¥¥
BLUP(hest linear unbiased prediction) 4 #&
NEEPEAFE MSES Haz st 3ot F H2HAEH3HFEBLUE,
IS

best linear unbiased estimator)® AR 7€ e FA#olvt,. 18] EBLUP(empirical
o

BLUP) %73 % BLUP F73 &l A 443 Age Udstd g =4 Fo|o},
Ghosh®}t Rao(1994)& ©h&3 22 U X 2 2}3] 7 & ¥ (nested error regression model)%
AH&3 EBLUP 24 2g AT 3 | |

yi=xiB+vite; i=1,m, j=1, N @3
A7y iA"Y  juA BIge Jehlz, o= E(y) =
W) = & did #8942 AP Erandom effects)E el e; &
e; = eyk;0l3, e;x E(ey) =0, Viey = 9 jid BEWFH ky
B4y AFott adgln N;E iA¥Y 23T A7)& vEdnh

Fis

, Y, e EEo ¥ FEF FEA RIA ¥ FROE YT

()

AN f;= o °1Z, y, & B ¥ A28 FT, Vi EEd ®IHA @
3
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xS S yetdnt, Ax Y9 FAHo @ T BIA E2 44E9
Y-S o&3te R golA

_Y 9] BLUP(best linear unbiased prediction) A %<& t}g3 7o) dolxc} #
p23

2ol #7428 B3l @39 BYEL Mgt x7 B+ v, 9 BLUP 24

of st

@9 x] B+ v; 9 BLUP 34 %e thgst 2t

2g 790 gz ddA 7¢ x7 B+ v;o BLUP %4 %8 4249 v
Y;9 BLUP 43¢ 9&

- T ~ — —“T ~
x; Bt 7:(Ywi— xiw B)

4714 B = B BLUEOlm, 7= /[ + (%/w;)]elch

rir
_,_‘

N —_—
— —— _2 oy o ==
- gﬁwij, wy = ki o™, Vi, s MER w; E Z

xie X}9 #7& Ushis ¥Ho|th(Prasad and Rao, 1990). BLUE “BF‘:—
{ Gy =79 ) Tk, (5= 7:% () [k} 2ol MBEY A8E AT 78 3
AA5F 7 FF o] HFuller and Battese, 1973).

A= Y, BLUP 4% te3 2.

?(BLUP)J = fy; + (1 — 1) {;:TTB + 7 (Y (i — _x’{w)z' %)} (2.5)

4@ (0%, 0%) o 2AE gxzgFA (o, 7°) & WYsd EBLUP
(empirical BLUP) 37 %, ?’(EBLUP) ;©] 47}, Fuller$} Battese(1973)€ ‘method
of fitting constants'E ©]48M (02, %) o 4%, (6%, 5% ¢ wed @
whe} Fahm g

A, (y5— v ks e (25— 2w) ki) AANA AFE ) I B F
#, SSE(1) & F@th weo2  yy/ kg xy/kiol FANA FAAEY,
SSE(2) & @t a#d o= p !SSE(1) o1z, 0% = max (52, 0) o}
293 5% = 5 [ SSEQR) — (n — 1) 3t 1eld. @A

e = sz(l - wi,;{w)iAl_l_;(w)i)v A, =2sz}.xz}.x50]u}_

1
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Barle < 2>9 #rh

<E 1> AFZE A JEAER 458 ZXD 2 2837
ke

ZER IF B L B2k

2RF AT Sukql #4474 A

AR AF | S 2 | AR | FE9 OHEd | 2

23 =7 1582 | 1582 15386 6667 2840 24893 | 26475
BEEZY 123 123 103 79 67 249 372

B
g g4 34 2R R

2y¢ 27) 249 1402 474 316

T T
EER] 22 14 8 9
| 2ge 27 100 675 292 106

5 T
EAER) 6 3 6 4
5 = =gy 27) 419 3051 2012 625
; REER 34 18 o 16
2yg 27 49 1184 334 165

S
LR 5 6 2 3
L Egw ar) 87 2289 972 425

45 7
g7 6 15 9 8
239 27 255 2969 1296 573

%7
R a7 17 19 15 13
e A7) 73 1329 500 242

A F T
B ER 5 0 6 5
2% 27) 42 1667 625 268

A
ELER 4 12 6 5
=3¢ a7 119 714 137 101

A :

ELER) 10 4 0 3
wdg 27 189 106 2% 19

3T
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2. xmz

2 A A TFdAE s SAHEY 747l EH?SH TE A FuEde AHFA
o & Aol AT 8 A (ratio synthetic) =Rk, HE 7)o E(sample-size
dependent) 7 %k, EBLUP(empirical best linear prediction) ¥4 dek& skt ‘?'51-1:]-

2 ZARAM FAATSY A FHEdY FBASFE sHY9 FE ok 0940] 3,
SAA4e A9 F 0672 e wekA FARFG AR FuE R FFE &
AEABAE Zedn & 5 Yrh a8 A ‘ﬂ‘—él?'} vhe} o] wid HAHE
NG A7 2B AZAE B ZE AFGAA dE ARSI dojAn wEtd B OAL
HATFANNE A3 FEAY FHE Y8 L2UTE FAATE AHESHA g

QoA 2ME FAVIYE 722 B AHIATE A ALY FAFS A
s 2o 9714 X & FARSE, < 47 FuEd S vERdTh

rlo

it

D ABFR S
2o A%t HQ 85204 (49 A9 dd F434Fe b3 2ok

?wmf=‘§?mA%

AN yuE iAG, h29 veg#olsn, Nyt (X9, h29 23w =)o

02 A7 2498 dehie it T8 duan bt AYARE 9FL I

MRS FH242Y ¢ AU, BAAG(I TS TEHE AAGQBY

GA)NAS BESEG nzusel ¥, VX o BAAGNAY ¥, VX7 2t
S gordl BAWSE 2R Rolth AT obds BT
?(RS).z' ;CY Xz

471N xsh yE 747 BEAANAY FAE UL, X, = 7Y SRS
EAE nao o dd FAFA ANHE QA N2EARLE B QL
&

3) ®&a7)9

E 243
BRIV E FHFE T M 24 AW AL Fo 2Yhe BYE
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ZFo @7kA YN, v Zo] FEAV]H u JtFEE AASte FAHFIH

Y (ree),i = Y on.i + % (Xz - X(DR),{) , w; = Wd o

?(SD),z' = ,
ii_ Y (rey.i + (1 - iWZ) Yei, wiK W4

o 714 ?( REG).i © *l’ﬁl:ﬂ"ﬁ Z(survey regression estimator)®] i, ?( DR).i &

X o E BRI 78 2Azte] AyaAgold. a8ln w; = n;/nold Wk
N;/Nojth o] dejz= 40Q2elA 6= 19 A% A3uch

4) EBLUP FA %
£AASL BHREE FATAS RAE AD Aol oA He meAdel 2

8§ @3N ky=x}lor wm, w;= kit=1/x; 02 ARa,

?(BLUP),i =¥ + (Nz - nz){—x:T’E + 72(} (w)i_;(Tw)i ’B)}
AN y; = BRAM o= (XD PR A 2ulZNFEEA) )L
02

w;,

B= B9 BLUEO]D% y; = o2 [(d + ) olth. 919 2ol ‘method of fitting

constants’E o] &34 Ta =A% (02, 0%) < tYsty EBLUP =4 %o] At}

R EE

3
Supele] AL AERBYFo) Uz EEInz #A4Q

K oy S4H¥ge A AE
FAFol A9, Y, dRHALE ERHT, °l AZFEETES ARG R
o] MEFAE %‘i FEI7E AASGYY DHEATe By TERAA =3}

) A5 ARFA e 33
as r&ogs}oq AEFAEE FAUE 4% 50 F o8 BF Garel $4999 3
£ 25% BIsA @3 33

A@s AEse HHE 7M. a}a}ﬁ NEE uwz
#e TR, 2 FE WNFste FEAAE A 7
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<E 3> 9 4% &Y =4 € 23 (49 )
F A Ag33 | wasrs | 257 esuoe 24
JE %3
- 593299 965407 646096 666169
2 7 651776 .
M (-58477) (313632) (-5680) (14393)
169583 318170 196778 196149
252554 L
57 (~82971) (65616) (-55776) (~56405)
R~ 2864974 2499609 2074385 2866792
‘ (-32059) | (~398333) (76452) (-31141)
| 959896 400982 383241 366708
a4 346820 ‘
T (-86924) (54162) (36421) (19838)
1080975 531737 1042118 838310
1 624460 ‘
‘% v (456515) (-92723) (417658) (213850)
| 1362000 1072191 1343112 1403250
x 1511758 \
37 (-149758) | (-439567) | (-168646) | (~108508)
- 213570 182208 326887 263170 296123
| (-131362) (13317) (~50400) (~17447)
- 253510 239400 200491 211070 296257
(~14510) (-53419) (-42840) (-27653)
2= 431928 341982 540454 337841 382954
cT T (10654) (209126) (6513) (51626)
PR 106227 93487 706077 206534 260231
- (-12739) (599850) (100307) (154004)
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Agel epA e

<E 4> 29449 47 ey FAHAZ(FHTY)-23 Hggs
. . |mEzv oz .
- EES ARFE | EEFA ilq EBLUP +7
T e
14233955 11978908 11322873 10204032
z 11429778
T 7 (2804177) (545130) (-106905) | (~1225746)
. 264529 419528 '
s = 2636442 5297 80 2196664 3686995
(-991145) (558838) | (-1439778) (50553)
G = 22317017 28320879 28248927 30379451 32122706
(-3996138) | (~4068090) | (~1937566) (-194311)
Q> = 9527831 13218273 10153855 13396928 11042136
=T (3690442) (626024) (3869097) (1514305)
15741559 17845911 16326485 18011259
17918531
457 | (-2176972) (-72620) | (~1592046) (92728)
28539979 23923742 0313 25036989
nyg 3 27353132 2555
(1186847) | (~3429390) | (-1802819) | (-2316143)
5891445 9287114 6571421 8092850
A ¥ T 8259985 , 7
(-2368540) (1027129) | (-~1688564) (-167135)
q = 10549330 12364918 11512529 11919712 11181525
(1822588) |  (970199) (1377382) (639195)
‘ 4834155 4422835
7% 8 7 3726971 - -
(1107184) (695864)
PR 510054 ) 696374 . 680697
=T (155420) (139743)
WA &Eqe] 7Y A7 FWEde] B 24 ARE <E DI 2o BN T
¢te] e Fgde x(FAF-FAE YeEliz o
SAHAe FE A% FoEdd) g FH AIAE < LY <HE 5> YEYE
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TF ULE B

<E 5> F44Y 9z FHEY FHR(SYWA)-53} 9
X . |ERaA 9E .
= B AERE | wERd | T EBLUP 7
-
14233955 11878890 110 7 1
5 T 11429778 0685 1062643
(2804177) (449112) (-372921) (-803347)
2645297 4154400 . 2765504 3746753
& T 3636442
(-991145) (517958) (-870933) (110311)
28320879 28432655 29885042 32413827
9 T 32317017 ‘ B0
(-3996138) (-3884362) (-2431975) (96810)
13218273 10025937 13822454 11149887
d T 9527831 ‘
T (3690442) (498106) (4294623) (1622056)
15741559 17732772 16127872 17617985
o 17918531
57 (-2176972) (-185759) . | (-1790659) (-300546)
S 27353132 28539979 23771317 25641699 24934798
N (1186847) | (-3581815) | (-1711433) | (-2418334)
q G 8959985 5891445 9193403 6512314 8501925
(~2368540) (933418) (=1747671) (241940)
. 2 10542330 12364918 11409684 12073280 11459928
(1822588) (867354) (1530950) (917598)
4731976 4600111
7+ 3 & 3726971 - -
g s (1005005) (882140)
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A 2 - -
¥ >40954 (146896) (153103)
3. 88D

2 AAATAAE F2A AEE o] $FOEN A 249
& U F ok o FFL o8N] 4 FAWWY e 5

o gt 2L 7 2AFM LA e 2LAE FEHoZ wgF
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G714 Ve iXd Hw AQ A% oz e BFFL onsn est. & Lol
g FAH3E Audd. LAAF HTE 78 A2FH= <E 6>F 2o orjA {2
AJO)E 2309e BAeA g ASolx, SAFA@E 2L VI A
28 Y,

QAAF BFL B3 EBLUP A o] 714 8HUL & 4 Uy 444
Ae W AW AL A oAAFHF Fopn Y Lurdel A
W EAge AAFYF s At REsHe & B &g A z
Fe Wyt AR B ATAN §HEAFL T2 A8 LT 23
AQQ TN FWME AT FAAFY w7F RG] AAFAA A9 w9}
ZoE A, 9049 A9 AR FME 2@ ZHPsge] B DA Po} FA
2R NP EAFS ALE T FHA Hest 2A wAS Aoz YAdA

<E 6> QAAFHT

Aaaag | wgasa | T 9% | paiup 2w
- 24z
S 1| 2.69 8.73 2.28 0.90
SHALD) 6.69 .3.26 392 1.01
S4HAQ2) 6.69 3.13 4,60 1.09
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Application of In-direct Estimation for
Small Area Statistics

Young-Won Kim, Na-Young Sung

ABSTRACT

Small area estimation is becoming important in survey sampling due to a
growing demand for reliable small area statistics.

In estimating means, totals, and other parameters for small areas of a finite
population, samplie sizes for small areas are typically small because the overall
sample size is usually determined to provide specific accuracy at a much higher
level of aggregation than that of small area. The usual direct estimators that use
the only information which is gotten from the sample in a given small area
provide unreliable estimates. However, indirect estimators utilize the information
from the areas related with a given small area, that is, borrow strength from
other related areas, and so give more accurate estimates than direct estimators.

In this paper we investigate small area estimation methods such as synthetic,
composite and empirical best linear unbiased prediction estimator, and apply them
to real domestic data which is from the Survey of Hotels and Restaurants in
In-Chon as of 1996 and then evaluate the performance of these methods by
measuring average squared errors. This evaluation shows that indirect estimators,

which are small area estimation methods, are more efficient than direct estimator.
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