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SR TR HHE 0 0 AR AR > X H
BB DA EAB R BN R AR5
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LR (resampling) J7 =07 &5 B % R 7 A1 o
HEUEE A » SHRE R BRI (R A S 3
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gt & - AT P 8 42 (Efron
1979) © bootstrap {551 A[E 5 DL A 5 A 2 #
KER AT R > FHES R oA e B LU E TS
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strap A » DL B 417 bootstrap it = © i<
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& (G0 1200247 167E » 4T 23°34°56"N » 3§
W17 m) FEHRERRAN - "iE AR -
ARTHITE By 7.29 ha » 2 B& K HH & 73 & Ry g AL A
K& > ALK& &7 Fdb 1 RdE2 & » H
frdb 1-1 B AR 1-2 & 53 Al B /K H R AE 1 1T &
A& > J6 1-3 ~ Jb 2-2 R JE 2-3 & Ky /K R
PEMEfTE > Jb 14~ Jb2-1 KIb 24 & R/KE
(k@& 5 S0 2 ERoK Fim (FE IR
—JE > NEEETHITE Ky 3.77 ha o B K& E
gy FeFE 3 feFd 4 WilE 0 HPEE 31 FF4-1 &
Fe 4-2 & Fy /K HEFETTIE - B 3-2 7 3-3
FeEE 4-3 Ry/KHEEREE 5 B 3 @K
HEEFHREHE—R  /NaE&EHmEE R 3.52
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BAE -~ 52 TUEB K EIEE 4 TR - SR
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B 7 U7 B B RO 2 e 0 BE A FH & 4 R K
% 3-5 om0 fy i oy BEHH 2 AR IE RO T HE
JKIEH » 4NFETE B HA 2 Fl B A 4 F57 /K %€ 5-10
em > FEHARI DK 3-5 em #ETTERE - UHE
Fil 5-7 d B K - ek F A LL 10% BER RS T
(Probenazole + cartap hydrochloride) fir | [}
ETEEVRE - HEEMR - AR RIS > HE
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R a8 - F&E R 20 kg ha'' -
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T/ NEE 5 BhE 2 0P H AR (AIHUEE B
fir) » PUNE R EIEEE 2 12 B 808 A B 4R
C HEZ AT 15 m FRS B 1 PREIEAERS
HEE | PEEERAERE /AT 10 m {2 FEATAE 15 m iz
B 2 PEEIEAERE R 2 TR ARG AT
10 m & FHIHE 15 m JREEE S 3 PEEIEAERS |
Hi%E 3 PEEARAERERTHE 15 m (2 AT 10 m iR
B 4 PEEAAERE © 5 4 PRI AR A
1S m GTAET 10 m B S FERAEER, -
BIHLHT S B ET b EIDEEA AR
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RS RRRENEEEENET

PREITEMRAETTROAL G » Bk 4E A 4848 DL
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Wk E S T Ll 185,704 (B4, EEM R
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AWEFEAIH 2017 F55 1 HALEA 73 A& L1
=5 ILE KRl KRR EIE R - 70 Bl DU
BEAG 70 A7 E R Z 48 il 5t 04 B bootstrap i 5T
AT B AR E &2 2 B G R EEE R
ZEE#E - Horfr o bootstrap i 5t {5 #8 & ] 5
3MAGETITE 0 3 AlE E R DU% (bootstrap
normal; BN) (Efron & Tibshirani 1986) ~ & 47
fir 7% (bootstrap percentile; BP) Jz bootstrap-¢
% (Br) (Efron 1981) - 5551 » DL A0 T &
SEEIEORL B AR - PSR B T35 (Monte
Carlo method) 15 1T K & fiff 5 HE #% HUEE 75 00
T LR E 5T J7 /AR R EIE A B R REAG 1
ORI T H AT RIES - DTS 8EL
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1,000 2 (Efron & Tibshirani 1986) ; ZEHF4E
FRIEE M 5% 0E By 100,000 25 BEARBIELE Ko
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F AN BRVERTRE &S5 ETE/MVE
A (n < 30) R REARZBRE TR ETRE -
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S EREE N HpE B R E S
R ILESEIER (CFH1{E 9,182.69 ~ R4
2,317.61) FEEEEEER (FH1E 8,098.01
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HE R 10 2 RS &S » A Johnson
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Jel g aH-a R - Jef P B E R A e 2 Fy
@ [ R e [ A 2 P I & kEZ Johnson 34f
FIHHEZ BT % 2 Johnson 43 A A 15 5 fi5 BH 8 1
AR E EFEAETILR S E AR -

BE Ak 5T BT AL 5 R A F 19 4B ¥R & (mean
absolute bias error; MABE) a7 51R (root
mean square error; RMSE) ; & [E] {f &1 R L &
ER (coverage probability; CP) K& I
¥ (expected length; EL) fif{ Ry e EEEAE - D
TR 4 Al 5105 K bootstrap fifi 504 7A BE
fli 5t B & s s E 2 J50% -
fERftE
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HRE AR N(w, o) » FHRERS H B Al HUBE A 22
Fon BI—4AKEAR X, X, o, X, 0 RURERE BRELSs
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0 _
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o
gt L) <0. (3)

BRI o B O FE B2 8 0 A B HERE i =t
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=X 5

1
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E[EfEER © LIEAL & (pivotal quantity) ¥
REHE S BOET @SS SR BR X AE
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i 28 E 0 = «(F) (K%t 0 REERE 9
w) > HIE plug-in fH208 0 = «(F) - B F P
W —2HBEARE R n VAR x = (0, x5 ooy x,) 2
B Un BIRERELE N SEE AR X\, xp0 oy X,
Q01 AT AR R R A A — (A B ) A b B -
TEREA x (T — R B PR A e i U B S
—4HAEAR B n (1 bootstrap FEA x, = (x1, x5,
., X)) JEFE 0 2 bootstrap replication 6, =
s(x,) * WL B — K bootstrap #FE - 5 EH
H#E1{T bootstrap #FE B X » A ETS bootstrap £
A x"=(x,, X,, ..., X;) J bootstrap replications
0" = (07,05, ..., 0,) > BELUER 0 2 HAE
(standard error; se) K {SHI&ME - HiE 1/BHY
1 % it B H> 4 {# bootstrap replications 0;, 05,
vy Oy RUTTEERERE Y 0 2 bootstrap i 3+ HUEE
VAR

BEREEE 0 2 0 = s(x) BEEEEEISE p ke
AAETE X > FI 6 24T bootstrap HIEZ(E E; (6)

0,=Xr-1 6,/B. (11)

B FEfliEE 2 (1) BRI UL (BN) @ Rk
FAERSHE F HEES8 0 = «(F)
(TEARIAZEF 0 KRS 1E p) » RIH plug-in
st B 6 = «(F) - B F #E— SRS R n
AVBEAR x = (xp, x5 oy x,) 0 B IEARIBEEA x {5
HOBELGHED = s(x) 0 HRUBEA xEH
#E 1T bootstrap 2 B XX > #] J& 15 B 4H boot-
strap BEA X" = (x], X5, ..., X)) © X EFE G, =
s(x;) 75 B {# bootstrap replications 8" = (0;,
05, ..., By) A izt 6 AR

Gy=[Xh-1 (B,— 6 )AB- DI (12)
(12) e b, = 251 6,/B.

R LR ERE En oo H0~
N(O, 6;) > JRE[

-0
Gy

< 7(0,1). (13)
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Efron & Tibshirani (1993) $54 (13) = (6 -
0)/6, RiT{LIE4E & (approximate pivot) ° % E
EBGEL 1 - o H

~Zop < -9 < Zop. (14)

Op

SH 0 WS EIER B
0-2,6,<0<0+2Z,6, (15)

(2) B (BP) @ HARKBER AR
FHH—HEARB B n (IERx = (x), x5 ...y
x,) » FHER AR x ST bootstrap 2 B X
T B 41 bootstrap A X = (x,, Xy, -..r X,)
T st 0, = s(x;) 15 B (i bootstrap replica-
tions 0" = (8, B, ..., ) < ¥ 0" FEH/NEIK
HINE PR BES > BIEEBEGEA 1 - o>
AR 280 2 EA M EBER TR0, 56
HEFP 1255 100 - (a/2) B i % > BIZE B - (a/2)
B EOASHEER ER 0, HE 0 HiF ik
%100 - (1 — o/2) Hopf o JREIE B - (1 -
o/2) {E1{E - ARV B SEGEBEGHRE 1 -
a=0.95 Hla=0.05; bootstrap #EFZ X & B
= 1,000 - FFLL O, 5 0" HEFF 1455 25 8 07 {4
0, B 0" P15 976 8 0 (A -

(3) bootstrap-z ;% (Bt) * H RAIHE A 717
SIS F AL — 4B AR R n BUEAR x = (x), x,,
) 0 TR x EEF2 B0 2 EE 0 = s(0) K
FEAEGR7E o; o [EREA x #E1T bootstrap 2 »
A] 15 bootstrap KA x, » £1EL bootstrap rep-
lication 0; = s(x;) B 6, - T (I &
1, By

(16)

YIHHETT B X bootstrap iBF2 » A[1F5] 6 = (6;,
05, ... 05) B 6" = (61, 63, ..., 65) » HETTIHEF 07 J2
& FHICA (16) EKEF ¢ = (1), 13, oy 1) ° B
At BN R B IE R R TR - R E (S
TEHEOR 1 — o HIELE HEF AR A 100 -
(0/2) K5 100 - (1 — o/2) Hofirz ¢ 8 A
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FERERE R 2% 0 2 bootstrap-7 (FHEEH]

00—, 6;<0<0+16_ 65 (17)
DAIARWFE Bl » 3 EEHEHGE 1 — o =095
Bl o = 0.05 ; bootstrap #4 £ ZX# B = 1,000 -
A AR 56 100 - (0/2) 255 100 - (1 - o/2) &
L2 ES R tos) K tore © BRI > (17) X
S8 0 i bootstrap- {SHE I 1y

* A A * A
0 — tns) - 65 <0 <0 + 145 - G-

(18)

BLAGET Bl R Z R FE R
FAGETEFAL SRR © (1) RMSE -

RMSE = [ T4, (0, - 01" (19)

(19) =t > 0, B 2 8 0 ~ bootstrap {f H » 0
BERRESEE - M RS R EF B
AW 72 35 G 5 R R AR B CE M s 100,000
:k o

(2) MABE :

1 A
MABE = 2= S, 10, 0)l.  (20)

(20) Fef &S BEFHARREHR (19) Kb -

T A PR (1) BRI
HESY 0 BRI - RERE N =
e 6 & LT 2 0 YRR 1 T 2 K CP
AT B 2 CP M52 2 B
BT ¢

D B VR
CP_MZ;‘:II(GJ (21)

(21) Zep > O, R AEHELT M IS f58 B O 1
bt > 5 RAEFTFTSEI2 800 AUfh{E > I

1 0, (s REEIER (07, 0)) - 2 1(0) RS
NN (indicator function) » R
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A 1 Lifbr<o<o’
16, - FOsO=00 o))
0 , otherwise

(2) BMEEEE (EL) @ FEARWIE ik
ERBGE 1 - o HETE RESEBGE
e RS AE AR M AHESTRIERT (05, 09 i= 1, 2,
oMo HEEFEH M (< M) EREMATESES
o HIHZEMERSR

EL=-L37, (6"~ o). (23)

n

HETETVER

AN TR A HE AT Z T oy A TAE o B DL
RS “R” (3.5.1 i) BEF#TT - H o boot-
strap 5 e 5230 S & 15 it fi BEL A AR el 5% 14 3
“base” (R Core Team 2018) Eff ; FHIGHEEfR
ARERHELT Johnson 7347 # # i 7 J % A 2 AF
%4 “SuppDists” (Wheeler 2016) 4 ; H
JiA B HIURR J¢ bootstrap 5 51 812 7 51 H & ik
BREAR > RILEE A “foreach” (Microsoft Corp.
et al. 2017) . “doParallel” (Microsoft Corp.
et al. 2018) FFI4HE M LAB BT HARIE ¥ &
HREPITHE (RAFRILER 8 ([HETT4E)
TSR - TR A AR R
R -

ES
FPERABRIZRLRET &
2017 55 1 PEA B DS R AL &
PREIREAE R Z B ET BOR 1R > L&
PREIREAREUR 45 > BEATHIE R 9,183 kg ha™ -

BEAEAE 72 B 2,318 kg ha > BEA 5341 1 € B
ARG HERED (P-value = 0.001456) » {R/E
(skewness) Fy5-0.755 »1&fE (kurtosis) £5-0.573 >
ERERELMZAREIAN - & FEH
AR 35 FEAFIE R 8,098 kg ha'
BEAAEAEFE 1y 1,487 kg ha™' » BEA 537 1 1E B
TS B4R (P-value = 0.133900) » {5 i
By 0.112 5 I&fE F5 0.003 o

NEIRAER Z et RERGET

ELA1 2017 F£55 1 HAE ARy P2 OB 5
/KR B P B IR 2 & By 8,811 kg ha' + B
1% % 8,017 kg ha™ - PEEIREARZE LA 25
fir TR 2 2 ME AT B A o R P A S A5 R AR 2
FITR o FEREEET A H - F4f5ET4 K bootstrap
EEHAE N RS EILWE 2 BB R EE 2
HAEEMGEIES > £E5IEE D bootstrap 5
s E RS S A S 21 kg ha
1E R 5 e T W R A S 1V Y s i S P A & T
DL 2 8 i 51 74 ¥ bootstrap {5 5105 8 & H 8
kg ha'! o PPEIBEA I (E 2 ik i = 4 2 35 L
& LA bootstrap {ff 5T AR - BHHLL M ETEK
/125 kg ha'' ;25 I W R S B Al R A &
T > AL EHARL bootstrap fli 5T IA /D 1
kg ha' » EiMELRfEETE © BN {5514 ~ BP &
sTA K Bt fligt A A WG RIE - £ 95%
ZASLIKET > 4 EEEGEH AR E S O
SEEE(E > BN fisA 2 &M EE BR%E
HUR BN fhistiA > R et o e & -
BRI LE O AEREEED TR
RAREURE N2 GETRIR

DIZEH R EEB B R AR B SRS H
BT > b E &R AE 5175 K bootstrap fligf 2

1. 2017 F5 | BEREFRIZE LB/ KEE BRI EREARLAET & -
Table 1. Descriptive statistics of crop cutting surveys for rice grain yield in the first cropping season of 2017 in Xikou
Farm of Chiayi Agricultural Experiment Branch of Taiwan Agricultural Research Institute.

Average yield = SD*  Normality test’
Farm region Sample size (kg ha™) (P-value) Skewness Kurtosis
North 45 9,183 £2,318 0.001456 -0.755 -0.573
South 35 8,098 + 1,487 0.133900 0.112 0.003

“ SD: Standard deviation.
* The normality test was analyzed by Shapiro-Wilk test.
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2. 2017 55 | FE R L RS/ KREE S BB Rl a4 2
Table 2. The estimation of crop cutting surveys for rice grain yield in the first cropping season of 2017 in Xikou
Farm of Chiayi Agricultural Experiment Branch of Taiwan Agricultural Research Institute.

Estimation method” Yield (kg ha™) Standard error (kg ha™) Bias (kgha')  95% UCP  95%LCI*  CI length
North region (Observed yield = 8,811 kg ha™)

Conventional 9,183 345 372 9,879 8,486 1,393

BN 9,204 320 393 9,809 8,556 1,253

BP 9,204 320 393 9,832 8,558 1,274

Bt 9,204 320 393 9,750 8,416 1,334
South region (Observed yield = 8,017 kg ha™)

Conventional 8,098 251 81 8,609 7,587 1,022

BN 8,089 252 73 8,593 7,603 990

BP 8,089 252 73 8,582 7,591 991

Bt 8,089 252 73 8,624 7,573 1,051

* Conventional: conventional parametric; BN: bootstrap normal; BP: bootstrap percentile; and Bz: bootstrap-z.

¥ The upper limit of the 95% confidence interval.
* The lower limit of the 95% confidence interval.

B S R BG4 R o K SRRy
MEMERE » —ENERSGILE K&
BRI E E BT 0 B AR Ehi e {5
SHTEHN AR EREARA RN Z AR B—2
DiSitE K a2 R EIE R R B » @
7 Johnson system BEHAE R 2 4 BT N AR E
EHRAEREE 2 888 > HIER b SRR
AT R R B R AR B 5T R -
BRAGEHEEAL c TR AERS > ER
5174 & bootstrap i 51 7E1E A E fE R ER M4
THN RS I EEGE SRR 3 R -
HRESEESEEEERILE /N Kt
MR G ST A B B RS S (E 1T BT AT IS
2 MABE J; RMSE $5f% » 716 35 8 DL/
B2/ o ELERAETE S F5 1 MABE - S5 3 (E 4 fh
2172 K bootstrap {55172 2 MABE HEE i A
g nmE Y DR 5 S HiNE 10 2
MABE /DS Ry K - HIgEI R - B
GALE P EEARE 0 = 5~ 15 £ 100 55 3 fHF N
T » LA bootstrap i 514 ® H 4% (& 51 AR 5 1
kg ha' o EHAMEABIE R T - Al EMGEHA
Z MABE K/NS5H8[E - B350 & AIER T 72k
KEn =525 FEMWEETT > L bootstrap
st A @SSR EMSE | kg ha' o [ H A

AERT > MR A2 MABE R/NSHH
[F o AL > w W8 Ry LAl 5174 B bootstrap fifi
sEBR G ET M AV RIAA A E -

EERRE (5 5T % EFE 1 RMSE » 3835
BEAELIE AN - (45 ETIE R bootstrap {fiEt A
Z RMSE 3 230 T @2 - THAEEARE
M S 02 10 AYFE Bz f > RMSE Z N i &
iR HARBR AR A0 RMSE T [ i 1 A
B P4 - S ILEE R AT n = 35 HY15
St T o LA bootstrap fifi 5T /AR &L G 5T A &
I kg ha' o MifE EMBEA BB T » AR
at7&Z RMSE R/ E - B2 45 5 ATE £
AErn=510~25 35 F4FERT - 2
bootstrap fliEAEHHA M EHANS S 1 kg ha -
MAEEMEABIER T - WG AZ RMSE
RN E - R w88 5 4 66 51 A& X
bootstrap i &t 2 ¥ B ff 51 45 B L HY R IR IR
REAE

& ARG © EXIEHEE R RO AR > 5%
FEEHBEM ZEHAKLER 095 LI ER (G
aT74 ~ BN fligtiA » BP {5174 & B fli5tiA1E
A EBE AR T B B P (B & A5 54
R 4 FR o WO E GEHAE RS IE K&
rAlE 2 BEWRER T 2ME > AN KRS E
BERS 0 A0 2 AR L&/ - RS 2
65 ] 7 S S E ¥ B L & Ry % - BN K BP
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3. BEHUE B RS ILE REEE R R AR T 4E R -
Table 3. The results of point estimation from normal distribution of group simulation sampling in Xikou Farm’s
northern and southern regions”.

MABE RMSE
Sample size Conventional Bootstrap Conventional Bootstrap
North region
n=>5 826 827 1,035 1,035
n=10 586 586 733 733
n=15 478 479 600 600
n=20 414 414 519 519
n=25 370 370 463 463
n=30 338 338 423 423
n=235 313 313 391 392
n=40 293 293 367 367
n=45 276 276 346 346
n=>50 262 262 328 328
n=100 184 185 232 232
South region
n=>5 530 531 664 665
n=10 376 376 470 471
n=15 307 307 385 385
n=20 266 266 333 333
n=25 237 238 297 298
n=730 217 217 272 272
n=235 201 201 251 252
n=40 188 188 235 235
n=45 177 177 222 222
n=>50 168 168 211 211
n=100 119 119 149 149

“MABE: mean absolute bias error; RMSE: root mean square error.
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Table 4. The results of interval estimation from normal distribution of group simulation sampling in Xikou Farm’s

northern and southern regions”.

Coverage probability Expected length
Sample size Conventional BN BP Bt Conventional BN BP Bt
North region
n=>5 0.950 0.846 0.838 0.950 5,547 3,608 3,566 8,880
n=10 0.950 0.905 0.902 0.950 3,265 2,701 2,699 3,527
n=15 0.950 0.921 0.920 0.950 2,542 2,250 2,254 2,627
n=20 0.951 0.930 0.929 0.951 2,153 1,968 1,974 2,197
n=25 0.951 0.935 0.934 0.951 1,902 1,772 1,778 1,929
n=30 0.951 0.937 0.937 0.950 1,723 1,624 1,630 1,742
n=35 0.951 0.939 0.939 0.951 1,586 1,508 1,513 1,601
n=40 0.950 0.940 0.940 0.950 1,477 1,414 1,419 1,489
n=45 0.950 0.941 0.941 0.950 1,388 1,335 1,340 1,398
n=>50 0.950 0.942 0.942 0.951 1,313 1,268 1,273 1,322
n=100 0.950 0.946 0.946 0.950 918 902 906 923
South region

n=>5 0.950 0.845 0.838 0.950 3,560 2,316 2,289 5,699
n=10 0.950 0.905 0.902 0.950 2,095 1,733 1,732 2,263
n=15 0.950 0.921 0.920 0.950 1,631 1,444 1,447 1,686
n=20 0.951 0.930 0.929 0.951 1,382 1,263 1,267 1,410
n=25 0.951 0.935 0.934 0.951 1,221 1,137 1,141 1,238
n=30 0.951 0.937 0.937 0.950 1,106 1,042 1,046 1,118
n=35 0.951 0.939 0.939 0.951 1,018 968 971 1,027
n=40 0.950 0.940 0.940 0.950 948 907 911 956
n=45 0.950 0.941 0.941 0.950 891 857 860 897
n=>50 0.950 0.942 0.942 0.951 843 814 817 848
n=100 0.950 0.946 0.946 0.950 589 579 582 592

“ Conventional: conventional parametric; BN: bootstrap normal; BP: bootstrap percentile; and Bz: bootstrap-.
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Table 5. The results of point estimation from skewed distribution of group simulation sampling in Xikou Farm’s

northern and southern regions”.

MABE

RMSE

Sample size Conventional Bootstrap

Conventional Bootstrap

North region (mean = 9,235; standard deviation = 2,179; skewness = -0.7999; kurtosis = -0.2843)

n=>5 788 789 979 979
n=10 555 556 692 692
n=15 454 454 567 567
n=20 393 393 490 490
n=25 351 351 438 439
n=30 320 320 400 400
n=35 297 297 371 371
n=40 277 277 347 347
n=45 262 262 327 327
n=>50 248 248 310 310
n=100 175 175 220 220
South region (mean = 8,098; standard deviation = 1,466; skewness = 0.1121; kurtosis = 0.0224)
n=>5 523 523 655 655
n=10 370 371 464 464
n=15 303 303 379 380
n=20 262 262 328 328
n=25 234 234 293 293
n=730 214 214 268 268
n=35 198 198 248 248
n=40 185 185 232 232
n=45 175 175 219 219
n=>50 166 166 207 208
n=100 117 117 147 147

“MABE: mean absolute bias error; RMSE: root mean square error.
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Table 6. The results of interval estimation from skewed distribution of group simulation sampling in Xikou Farm’s

northern and southern regions”.

Coverage probability

Expected length

Sample size Conventional BN BP

Conventional BN BP Bt

North region (mean = 9,235; standard deviation = 2,179; skewness = -0.7999; kurtosis = -0.2843)

n=>5 0.909 0.815 0.822 0.946 5,394 3,530 3,453 11,396
n=10 0.929 0.885 0.894 0.963 3,135 2,601 2,582 3,779
n=15 0.935 0.907 0.915 0.964 2,428 2,153 2,146 2,654
n=20 0.940 0.918 0.925 0.964 2,051 1,877 1,874 2,168
n=25 0.941 0.925 0.931 0.963 1,809 1,686 1,685 1,883
n=30 0.943 0.929 0.934 0.962 1,637 1,544 1,545 1,690
n=35 0.943 0.932 0.936 0.961 1,506 1,432 1,434 1,546
n=40 0.944 0.933 0.938 0.959 1,402 1,342 1,344 1,434
n=45 0.944 0.935 0.939 0.958 1,317 1,267 1,269 1,344
n=>50 0.945 0.937 0.941 0.958 1,246 1,203 1,205 1,268
n=100 0.945 0.941 0.943 0.953 870 855 857 879
South region (mean = 8,098; standard deviation = 1,466; skewness = 0.1121; kurtosis = 0.0224)
n=>5 0.950 0.845 0.838 0.950 3,508 2,282 2,255 5,624
n=10 0.950 0.905 0.903 0.950 2,065 1,708 1,707 2,232
n=15 0.950 0.921 0.920 0.950 1,607 1,423 1,426 1,663
n=20 0.951 0.930 0.930 0.951 1,362 1,245 1,248 1,390
n=25 0.951 0.934 0.934 0.951 1,203 1,121 1,124 1,221
n=30 0.951 0.937 0.937 0.951 1,090 1,027 1,031 1,102
n=35 0.951 0.939 0.939 0.951 1,003 954 957 1,013
n=40 0.950 0.940 0.940 0.950 934 894 897 942
n=45 0.950 0.941 0.941 0.950 878 844 848 885
n=>50 0.950 0.942 0.942 0.951 831 802 805 836
n=100 0.950 0.946 0.946 0.950 581 571 573 584

“ Conventional: conventional parametric; BN: bootstrap normal; BP: bootstrap percentile; and B#: bootstrap-.
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Studies on Application of Bootstrap Method to Estimate
the Crop Cutting Surveys of Rice Grain Yield

Chih-Hao Chiu' and Dah-Jing Liao™

Abstract

Chiu, C. H. and D. J. Liao. 2019. Studies on application of bootstrap method to estimate the
crop cutting surveys of rice grain yield. J. Taiwan Agric. Res. 68(3):202-214.

This study used the data collected from Xikou Farm of Chiayi Agricultural Experiment Branch
of Taiwan Agricultural Research Institute in 2017 to estimate the crop cutting surveys of rice grain
yield. Monte simulation of sampling was adopted to realize the performance between the point esti-
mation and interval estimation, while bootstrap method was in the conditions of different group dis-
tributions and different samplings, then it was compared to conventional parametric estimation. The
results showed that point estimation from bootstrap and parametric estimation was nearly identical, no
matter the group distribution was normal or skewed distribution, or the sampling size was small (n <
30), or large sample. The bootstrap method of point estimation did not add new sampling information,
so it could not increase precision of point estimation a lot. In the interval estimation, compared to the
performances of 4 interval estimations of conventional parametric estimation, bootstrap normal (BN),
bootstrap percentile (BP) and bootstrap- (Bf) in 0.95 confidence coefficient, the coverage probability
of Bt reached 0.95 or higher in the conditions of any group distributions and samplings. BN and BP
reached nearly 0.95, while its group was normal distribution and its sample size was 100. Expected
length of BN and BP were narrower than others, but Bz was the widest one. In reality, both coverage
probability and expected length varied alternatively while confidence coefficient was fixed. This study
showed that in the conditions of various group distributions and samplings, the coverage probability
and expected length from bootstrap methods got the best performances, implying that bootstrap meth-
od was relatively robust to estimate the performance of the interval estimation precisely.

Key words: Rice, Crop cutting surveys, Bootstrapping, Monte Carlo simulation.
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