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Abstract

The two-stage normal hierarchical model known as the Fay-Herriot model is widely used to obtain
model-based mean estimates for small areas. However, when outliers are present in the data, the
performance of empirical Bayes estimation methods may be poor, and the estimators can be exces-
sively influenced by outliers. This paper proposes a modification method utilizing density power
divergence and introduces a new robust empirical Bayes small area estimation method, which per-
forms well when estimating data with outliers. Based on the asymptotic properties of the robust
estimator of model parameters, the mean squared error (MSE) of this estimator is derived and
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estimated. Through numerical simulations and empirical analyses, the numerical performance of
this method is studied, demonstrating its robustness in handling outliers compared to other esti-
mators.
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Table 1. The average mean square error of different estimation methods within the same group; All values are multiplied by

1%)01? NEMEI AR A IREER—HAMFEE; FRAREEREL 1000
15t 25 DEB1 DEB2 EB REB1 REB2 GEB
1 141 142 156 174 158 158
2 218 225 251 281 259 306
m 3 269 282 316 338 325 368
4 307 326 350 376 359 393
5 337 364 387 404 388 417
1 190 186 193 329 189 189
2 360 345 372 1021 362 364
(1) 3 513 482 604 1836 528 533
4 662 620 879 2710 668 684
5 798 745 860 3598 813 828
1 197 195 210 227 195 195
2 389 383 391 515 385 385
(1 3 575 561 579 953 565 569
4 758 737 773 1522 770 767
5 937 905 947 2249 911 913
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Figure 1. Scatter plot of average expenditure on fresh milk in 43 regions, along
with the maximum likelihood estimation value
B 1 43 MX ST HABRE, UREXAGITHE

Table 2. Empirical Bayesian estimators, the robust empirical Bayesian estimators proposed in this paper, the robust empirical
Bayesian estimators of Sinha and Rao, and the mean squared error estimates of these three methods; Multiply the values of

MZ, M, and M® by 100
2. AHNHEMETHE, AXIRH a1 NS S Sinha 71 Rao A2 MMEEITE, URIZ=
FES IR ERE I BME, M, MR {ETRRL 100

Hi X X Y, ; oF8 oF % M M, M.*
3 1 1.10 0.63 1.02 1.02 1.02 1.35 1.35 0.81
4 1 0.63 —2.05 0.78 0.76 0.91 0.85 0.85 4.70
5 1 0.75 -1.25 0.86 0.87 0.92 0.96 0.96 4.44
10 2 1.36 1.38 1.19 1.24 1.23 1.39 1.37 3.79
11 2 0.62 -3.01 0.80 0.73 1.07 0.77 0.78 5.06
12 2 1.46 1.54 1.20 1.24 1.23 1.63 1.62 5.66
19 3 1.28 0.47 1.22 1.22 1.22 1.30 1.32 0.77
22 3 1.18 -0.01 1.19 1.19 1.19 0.80 0.84 0.56
31 4 0.89 0.63 0.76 0.76 0.75 1.54 1.63 0.78
37 4 0.44 -1.84 0.54 0.54 0.61 0.64 0.65 3.59

1989 AEEFYIP- IS G THE y, » BARIMFETT 2 D, o 4k Arora #1 Lahiri B 72 )5, BATTHE B LR
5 AXIJE T ] AXIRE, BATE B =4,(1=1--4) 1 Fay-Herriot #51(1). H1[X 53 P X 35k
SR ={L-7}, R,={8--14}, R,={15-25} fIR, ={26,--43} .

5. & ERE
AR S SAE TR, SIUE A, AR SO I 7 19 70 O R A A S A L

FaliE o AT TR TR DA TR A, A SRR N A TH T IR R B 8 FE R R AE /NI
AR A R AW TE o SR T — R A7 A S dl A7 75 5 LD AELF) Fay-Herriot AR R AR R /N giAt o
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R 5B

Jiike ASCEIEGIN y BUE, 25 11 i o AT 57 5 L R g Al 1 D 9o X BB BT IASN, BT
PIANTT I :

B WPIEARY NG TE DA T ET 1 A T, BB MRS TR
R, AN B XA BE LN T 22 O BUR . W A7 A S (8 B B R LR A s 73 Af
WA EBAERNIRZE, HAS 2R AR Ik, — 807 002 5 TRk
T T RN BAT o 17505, ARAE &N, 51— A il 775 5 I B e i 5 T -
WA BN T3 FER BRI T 7%, 4 1y SOREROE S MRSR AP BT LS T b A7 (1145

55 ARSCHTE T XSO AR A Nt i B SR DPD B SIN T XK, Sl e B8R
PREIIRIE, A TR R AR AR, SEMihRERREN, Sl T ETFRER MSE R, X,
Ky BN T XU, 25 TS THE AR MSE. BJa, Zaih TR RS A i S Al
THE MSE liTH R IR ASLhrids, 0E 7 AT R AR . 851 BERIIEE 2
B A, AR T30 TR S B A TR NS AR T2 BBV MSE, RBLH TR e
.
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