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Evaluation of design effect models for complex surveys

Hyeon Gil Hwang

Department of Statistics, The Graduate School,
Pukyong National University

Abstract

The design effect is defined by a ratio of the variance of the estimates of
interest under a complex sample design to the variance of a hypothetical
simple random sample of the same sample size. It is often used to evaluate
the effectiveness of design components of the exiting surveys or to plan
new sample designs. Complex sample design usually contains complex
design features such as stratification, clustering, and unequal weighting.
Kish(1987) presented design effect model in the form of multiplication for
each model of the clustering and the unequal weighting effects based on
intuition. Gabler et al.(1999) gave justification to Kish’s design effect model
based on the one-way random effect model. We study the design effect
model by Park(2015), Chen and Rust(2017) that extends of Gabler et
al.(1999)’s model to include stratification effects as well as Kish’s model. A

limited simulations are carried out to assess the design effect model and the



design component estimates under stratified multistage sample design.

keywords : complex sample design, design effect, stratification, simulation.
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71+ 16,0022 YEFFTH(Gonzalez and Foy, 1997). ¢]+= @<-SEFE3
Hlwato] Hg 2 el o8] FFd e ko]l oF 137 5< U
e 9EEE ste ASRAS J|ECE HUW {FE¥EIY] A

(1.2)+= 1,2327, & AA ZEFE 2E2 dAadE Ue et d94

&O
mlo
L
ﬁ
o

FEXEII = S FEAALAFE
st, 4% 7hsA, $3 )9 FIFHE YERY o g 1 {84
A #t} o) &, Rust and Broene (2010)-& th&3 o] <



o7 AHgdE Q7] wEelnt”

< T2 g4 Ak (Kish, 1965, 1994)

€]

TR

ﬁ
G
X
ol
oF
ol
N
_ZT
o

,ﬁlAH

A F4 2 (Gabler et al., 1999, 2006) ¥k

)

O 7 Park(2015) 3} Chen and

€]

A IR

al AAL = Sl

Rust (2017) ¢l 2]

=
R

ha

Shet. 278l A

&F L A}F

& sl B

13} Park (2015) 2} Chen and Rust (2017) 7}

A
o 1

Aady 2

S|
=

Kish(1994) 9]

L
T

T

st 37l A

g

34901 thatol

AAEHRE

Eis

AA

)

stet, 478l A=

7}3l

3



H 2% A28 J|&E AP

o
o,

= ZolM= Kishel Park 5ol AAS AAaARRYE e 443 ¢
of deff modde T3l Brisklel A VIS Ay =A% 2,14

o= Ay EdS7EEAE wdst Kish(1965, 1987, 1994) 8} Gabler 5

W

of

(1999) &) 23S AvHy 2240 = T3}, A=, Bd57FAE 25 ki
3l Park (2015) ¥ Chen and Rust(2017) 9] 2&g Ay}

2.1 Kish 2¢&

A w,e AR} Gk RS Z, cor(w,y,) = 0018k Kish(198
7,199 ARAEAEAG ASENE nAF AAFH BYAL e
2ol Agkatolny.

de ffK (g) = deff'u;,Kish deffc,Kish (2'1'1)

O% 7] }\ll deffc,Kish =1+ (E_ l)pKl‘f‘ ;é] %]_qu»o] 37“ deff'u;,Kish =1+ Cvi'%
W7 MEEA| T me FHASEEAI 0T s EEIFFA ] A
Fakola pe 3 Wl A#AS (Intracluster correlation, ICC)olth. 3
SR A7 5 Wl ABATTE 2 AS AAlayde] SUMEs
L
=]

W daAse fARE e @A AlS (Valliant

at5]



(2.1.2)
74

[e)
=

&k

R

2
w

Sp
+5

2

B

3} go] el
S

[e)

=

B

et al, 2013) 7} glow t}
S

1714

o W R T = B
Fo— T 2 3 — r
© — N NI
o %o % 5 o = |
L —
O a Wi
—_— 48}
+ T W Somoy ’
N o oy .% B4 ™
g M e 5 o o N
>0l - =3 — N
N oo X —~ o} o S o
X S I ® o 8 =
M Xz g =+ M
~ © = 3 oo = /e
<P 0 Ol & -
SN NN o
o K \-l—i * zo
T 7 T <0 S —
= g ~ o
s M S = ol - 1
R Moo W = =
— =T of I & I g
Mul,._ ‘ﬂ,_AII 17rum mW_M ] O_U _/\IW\U m/z
o= o L 2 W
B ~ I ao S~ ~
. NI &I ot .._ ﬂw._ ) )
~ o o’ R B d =
"N To EN £
W AR o} 5 SN
‘NH EO ‘JM ‘Ot Ef.c J.JM B ~—
X0 = ,_ﬂojﬁ mr nz
Moo — F o) WP
e el - W 3 I
\I\‘H__—Ilm aﬁ EO N ME : *
T . B T AR
= =~ T
¥ 5 X -5 3% ~
T B L2 3 % —
T N o ® X CoF 5

A (2.1.D)°] mek #t

1

1y

=

o] 3}
=

o] &

=



2.2 Park / Chen and Rust 2&

Abefl Al At o7 Sl 7hd Wol o] gx & Holtk, s
At i8] TAPES] joll Wit g, 8F 20l dd 7R w,,,7F FxIvaL 7t
3k4}k Park(2015) #F Chen and Rust(2017)2 &9 &35 u#dt =3}

deffpror(y Zash deff,, deffu, (2.2.1)

= A FAbs 9ustt. deff,, =1+l (w)v 7FeaF(AALA) Y

Ol deffy =1+ (m, —1)p, = JFERAEALL)RFO)TL m,= THE
HaAgREI7)olw =¥ Hetg7)7t TYdsithd Kish®E 264 o
o ot gk ety S e A (EAL L) RE S TAMS
574 ek Awo] HofARE AFFT o Q1% Tt (AALL) BYS

?:115]0:' %X] ?’%—q_' é’ Cor(yhik:’whik:)zool T:I_- 017]/\1 h= 13"'3H7

A

1= 1,"'anhr J: 1&"'amhiolq'



H 3% ZodE

9

st 3.1 el A

&F L A}f

| A=

==
fi%s)

ha

ghth. 3.2 9

=
e

3

F4el disll 7legtt 3.3

KSR

a7

ol
=

7}

=
;ﬁ

—_—

22!

o
7o
0

K
o
&N
xr

=

it

7
ﬁo
)

L)
=0

uJ

KD

o)

OF

%ﬁo

Feng (2006) 9]

92%-E] 109 (N, =98, 92,

-
R

tch 2 A% N,

S

N, ~ iid N(100,5%) 2373

100, 101, 109, 99) 74 vtepdtt. o

Eis

[e)
T

EL

d

Al

2 7} FUE NI Egom o] FolA

=2
5

boith, ol

S

WA 5 M, ~ iid gamma(a = 2,5=300) A A

Ao A7]= 6709 =

1
i B

376,8847012] ZA 7 A H

I F

10



yhij = Ahi+€hij (3.1)

AZIAM, h=1,...H, i=1,..N,°l date] JFEAZ A,,~ iid N(uy,.0%,)
Ox Bt T FHEE AvD Sy, - did N(235,5%) S 2 HH
skl o5e e AMESEITh (), =225.24, 227.28, 238.65,
233.61, 226.72, 233.74). 181 o, =piolth A7IA p = F Ul
A3 A4 (IntraCluster Correlation, ICC)® FHZE & AFstS 11935
7] A B AFM = THEE p, =0.01, 0.02, 0.05, 0.10, 0.20, 0.50%1 4
s uHAE i v, ~ did N(20,22) oA st nAgwE otk (y, =
16.10, 16.91, 21.46, 19.44, 16.69, 19.50). h=1,..,H, i=1,..N,,
j=1...M° dtste] JRASA e~ iid NO,05,)= BT o714
o3 E(o%) = 10—p e, Vied,)=12/10%0 gamma¥®-EAA ARt

ehi

a8l 4,9 5 SFHOIH

ol
oty
rr
[
=
i
2
=
o
=
ke

ox
o
s

=017l flsiM ARSRT ol flE

BAGS A U FAM0n A e o] AH o R i Zo]

11



(3.1.1)

=V

V(Ah/) + V(ehij)

V(yhij)

u| 3tc},

15 A

- o
) Y

15}

ol

0

ilf

—_

0
K
o
Ho
o|J
7

| Aol At

-
) Y

st Ak o

fin

o Hetow 4

o5 4 (B.1.2) 2% A= <+ 3ttt (Lohr, 2010).

3|

(3.1l 9

(3.1.2)

TaAn

ehi

+o

Pn =

OAh

(nonnegative) ] #wHS ZHA # o,

= Hl&

AL A (3.1.2) 149 p,

12



430.4
430.7

13

631.3
631.3

e B e o L B B 1 B -6
PEsE _E® 5 0 B
r O :
Te 2w By T oo«
~— L —~ —
A B oF oo g BB
aﬁ OL . —_— MO e X ‘Ul
W ﬁm A Nt S - ~
olo 3 2 woE NG I o & nﬂo - |x
o m A e g BT T 3 |®
T W mM Hoge/ T < "W s 5S 7N
" = i o ! s o Mo G E = |7
N- N s N K B % ) <
— > P Do o B T =
< » mL a0 B mﬁ = I o5 T X E3
Ko z O o g o RN B >
o A S e =
% — ) . I = g el
T I R I S G = &
rt R e I RC I IO o
EWwoe o ow . No% o, MW O® up
IH o oy w P A I R R iy
SO o <o N R g -
50 i)l Oﬁ % o * 8 HT ﬂl RO o)
HO = T T On_O M — —
" s 1 A Wrm A= o m R mﬁ w 3 o
m T o o), O~ mt g B
my s p B R = N g )
- — ) iy = —+
Rl m&%ﬂ%%%ﬂmwﬂ%wﬁu
O oo 5 5 B o= oo+ K s N "
N o -~ o N S 2 —~ W
™ TR o A T o % I o 2
oS A A U s BRCH: v
™ of of ® 5 o T =2 T ® T w H

*

Mhi
Mhi




(3.1.3) 3 #o]

Al
&

et o) AR ol o

s 3
71wt

(3.1.3)

Mh Mhi
nthimo

whij

0
uir

ok

70

=

oJ

o)

Ok

59770l 473

%) i

3.1.4.1 ¢F o] AAHY. F A

% zAHS] S 376,8847)0]H

tl

i)

3, g2tz A5

H AAEINS

=
[

fam A el

-
R

3.1.4.2

14



i 3141 FEEAT 74 9 54
= N, M, a, Uy S? o 02 on
1 97 59,933 0.167 2253 2585 22 2562  0.008
2 91 57,655 0.167 2269 2889 6.4 2832  0.022
3 100 63,210 0.167 2393 4738 191 4585  0.040
4 101 63,991 0.167 2332 4051 317 3730 0.078
5 109 69,960 0.167 2274 3318 534  277.8  0.161
6 99 62,135 0.167 2343 5403 1795 3739 = 0.324
AA 597 376,884 1.000 2311 4086
3 3142 AN 2 TH dA8An
< Deff), Soh deffs  deffun
1 1.081 0.096 1.075 1.006
2 1.208 0.099 1.200 1.007
3 1.367 0.196 1.360 1.006
4 1.716 0.171 1.705 1.007
5 2.467 0.168 2.451 1.007
6 3.945 0.216 3.920 1.006
A 2.051
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skttt WA, &E4]d 5% (probability —proportional —to—size, pps)
ox Z¥WE AdxFE9 (primary sampling unit, psu)S 507%
(n, =50) F=3Ich. 1 Y, U oF=4H (simple random
sampling , srs) 2% o]xF=E¢] (secondary sampling unit, SSU) &
LOZHA (my,,=10) FZ3A olgA 529 E2TEES T m=3000
A AL 2=t
AAEE 4 1.1D)F 2ol Bzt Huoew, ow AL v, (y,)

HAdH g3} #5744 (Lohr, 2010) & AFE3te] ths3 o] AAlst
AT

H n, L

v, (y,) = Z : Z(ehi+_gh++)2 (3.2.1)
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h=1li=15=1

Kish 232 (2.1.2) 8 FHAZFOE deffy, gin =1+cvs, 7FeA G35

:ﬂ/]— deff{:,Kish = deffp (g)/deffu;,lﬁsh ﬁa—‘g‘ﬂg
W ABAT pee A (3.2.3) 7 o] 43 & itk (Park and Lee, 2004).

ot

= e} o 2~
FAFE I& F 9o &=

- d T |
Prcien = effc,Kl,‘sh (3.2.3)

m—1

PCR E#2(2.2.1)< Kish 232X T2 a3t 18jd RFE e
s Ul 7Rl aREE (deff,,) 2k AHEHNED (deffo i) KishE
Aol FAWEH FASH FEEE 45 7 ey T E AAEd
Axtstoiop ity S H dAlave 4 B.2.D) % 4 (3.2.2)F &3
S 7 Atk p= AE Ul ZAEA yEo] dubd fAkstEAE Vel o]
Fi shel 544 HEolth p @ol Atks AL A U 2aEo] A
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O Fggoz 2] (3.2.4) % o] ANOVA F4%% 1128k tHGanninger,

oﬁL l

2

o

17



~ MSB— MSW

Ph,AoV —

o371 MSB= SSB/(n, — 1)+ F& 3+
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sh — W
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2.008, deff, S Hie 2.0222 vehal ok % 3.3.12 deffp ok deffy,

o AR =S HERd Zlojt,

deff_M

% 3.3.1 Al A d=

(deff_ M= deff,, deff_D=deff})

19



20



¥ 3.3.1 AAEH(deffpeg, deffp) 3

BEF EFLA Ha o} o3 Qs A

deff, 2.022 0.144 1.621 1.925 2014 = 2115 2.435

deffpop 2008 0143 1615 1910 2000 2102 2412

n, 1.007  0.005 0990 1004 @ 1.007 1.010 | 1.025

deffp, 1069  0.212 0565 @ 0922 1.054 1.205 @ 1.872

deffp, 1166  0.227 0564 0997 1159 1.318 @ 1.923

) deffps 1295  0.235 0632 1137 1288 1450 @ 2.219

N deffp., 1736 0307 0983 1517 1730 1920 3.115

deffp, 2484  0.355 1.553 2236 2466 @ 2.718 @ 3.885

deffpe 3.821  0.388 2.329 3557 3.833 @ 4.063 @ 5.026

% 71N n, =deffp /deffy

FE=Y ZEOoEHE FaA= HF(bias), AdlHEEF (relative bias),
RMSE (Root Mean Square Error), RRMSE (Relative Root Mean

Square Error) & P34 H7F FAIFOE ARESFA T

bias(é,ﬂ) =0—0

5

A H 3 =bias (0,0)/0

RMSE(0) = \/ER](G —0)?/R+ bias®

21



RRMSE(0) = RMSE(0) /6

R ~ -
A714, 0=336,/R, 6,=rA FAZ, o=FTFELYT =FFolt
¥ 332 ZaaA9x(,) BE

EE Chl
= @z ek rmse rrmse @ @ Qs

L3t HEF
1 0.095 0.006 -0.001 -0.006 0.006 0.064  0.091 0.095 0.100
2 0.099 0.006 -0.001 -0.006 0.006 0.065 0.095 @ 0.099 @ 0.103
3 0.196 0.011 = 0.000 0.002 0.011 @ 0.058 0.189 @ 0.196 @ 0.204
4 0.171  0.011 -0.001 -0.003 0.011 @0.063 0.164 @ 0.171 @ 0.178
5 0.167 0.011 -0.001 -0.006 @ 0.011 @ 0.064 0.160 0.166 @ 0.174
6 0.215 0.013 -0.001 -0.003 0.013 0.061 0.206 @0.215 @ 0.223
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¥ 3.3.3 7VEXAA R (deff,,) &

Ay
-

EE 3
B A rmse rrmse  Q  Qy | Q

oA} Ak
deff, 1012 0.001 1011 1.012 1.013
1 1006 0.001 0.000 0.000 0.001 0.001 1.005 1006 1.006
2 1.008 0.001 0.01 0.001 0.002 0.002 1.007 1.008 1.009
~ 3 1006 0.001 0001 0.001 0002 0002 1005 1006 1.007
- 4 1.008 0.001 0.001 0.001 0.002 0.002 1007 1.007 1.008
5 1008 0.003 0.001 0.001 0.003 0.003 1.006 1007 1.010
6 1.008 0.001 0.01 0.001 0.002 0.002 1.007 1.008 1.009

¥ 3.3.4 ABAA B (deff o xisn) EF

EE i
B A rmse rrmse. Q- Qy  Q

oA} AgF
deff, gion 1997 0.142 1.902 1.991 2.090
1 1063 0211 -0.012 -0.011 0212 0.199 0.917 1047 1.198
2 1157 0.225 -0.043 -0.036 0.229 0.198 0.990 1.151 1.307
3 1286 0232 -0.073 -0.054 0243 0190 1130 1280 1441
N 4 1723 0304 0019 0011 0.304 0177 1508 1715 1.904
5 2464 0353 0.013 0.005 0.353 0.143 2220 2445 2.697
6 3791 0.388 -0.129 -0.033 0.409 0.108 3.527 3.803 4.034
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jT—‘Z— 335 % LH }bly‘il——ﬁ]_/r‘(ph,l\'ish) -E_:‘:i"
EE 3
Nz Hgk rmse rrmse. @ Q, Q;
Q=F HEF
PKish 0.111 = 0.016 0.100 : 0.110  0.121
1 0.007  0.023 -0.001 -0.162 0.024 3.367 -0.009 0.005 @ 0.022
2 1 0.017 0.025 -0.005 -0.215 0.025 1.460 -0.001 0.017 @ 0.034
3 0.032 0.026 -0.008 -0.203 0.027  0.849  0.014 0.031 0.049
4 0.080 0.034 0.002 0.026  0.034 0.421 0.056 0.080 @ 0.100
5 0163 0.039 0.001 0.009 0.039 0.241 0.136 0.161 0.189
6  0.310 0.043 -0.014 -0.044 0.045 0.146 0.281 0.311 = 0.337
jT_IZ_ 33 @a”gﬁ”&i(deffch on) —E‘:‘:‘Z_
EE i
Dz ¥ gk rmse rrmse. @ Q, Qs
=k HeF
1 1.065 0.210 -0.010 -0.009 0.210 0.197 0.923 1.048 1.214
2 1162 0.223 -0.038 -0.032 0.226  0.195  0.996 1.156 1.312
3 0 1.295 0.227 -0.064 -0.047 0.236  0.182  1.138  1.292 1.453
4 1693 0.291 -0.012 -0.007 0.291 0.172  1.481 1.687 1.866
5 2462 0.344 0.011 0.005 0.344  0.140  2.217  2.442 2.692
6  3.781 0.380 -0.139 -0.035 0.404 = 0.107  3.526 @ 3.775 4.041
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-

o
4

=
N

to
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2
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rmse

rrmse

@

Q>

Qs

olj

0.007

0.018

0.033

0.077

0.162

0.309

0.023

0.025

0.025

0.032

0.038

0.042

-0.001

-0.004

-0.007

-0.001

0.001

-0.015

-0.179

-0.017

0.008

-0.048

0.023

0.025

0.026

0.032

0.038

0.045

3.212

1.399

0.800

0.420

0.236

0.145

-0.009

-0.000

0.015

0.053

0.135

0.281

0.005

0.017

0.032

0.076

0.160

0.308

0.024

0.035

0.050

0.096

0.188

0.338
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i

A1l RFZE
library(sampling)

# h3oll PSUHED 5 (N,)
Nh=round(rnorm(6,100,5))

#haol i WA AR (M)
for (i in 1:length(Nh)){
result <—round(rgamma(Nhl[i],2,scale=300))

assign(paste("H",i,sep=""), subset(result,result>0))

}

# M
sum(H1,H2,H3,H4,H5,H6)

*

# AROF WY (M)
b:
d=2

¢=0.5

alpha= (b*Mhi_F) ~2/(d " 2*Mhi_F "~ (2#g))

beta=d ™ 2+*Mhi_F ™ (2*g)/(b*Mhi_F)

B
L

=k
il

Mhi_A=vector()

for (i in 1:length(Mhi_F)){

Mhi_A[i]l=round(rgamma(1,shape = alphalil,scale = betali]))
}

nuh=round(rnorm(6,20,2),2)
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7# y}Lij:A}Li+€}Lij

# Ay~ iidN(MAmUEm)

# opgy, ~ did N(235,5%)
muAh=round(rnorm(6,235,5),2)

# p, v Wl AF#AS(Intracluster correlation)
rhoh=¢(0.01, 0.02, 0.05, 0.10, 0.20, 0.50)

# 0—124h = phlji
sigmaAh=sqrt(rhoh)#*nuh

for (hin 1:length(Nh)){

for (i in 1:Nh_new[h]){

result <—rnorm(1,muAhlh],sigmaAh[h])
assign(paste("A","H",h,"I",i,sep=""), subset(result,result>0))
I3

A_hi=vector()

for (h in 1:length(Nh)){

for (i in 1:Nh_new[h]){
A_hi=c(A_hi,eval(parse(text=paste("A","H",h,"I",i,sep=""))))}
}

# ey~ 1id N(0,0%,;),

# o~ iid Gamma s.t. E(o%,)=1—p,)v; V(c?,)=1:/10

for (hin 1:length(Nh)){

for (i in 1:Nh_new[h]){

for (jin L'H[[h]I[i]){

sigmaehi2<—rgamma(1,10%(1—rhoh) ™ 2*nuh[h] ™ 2,scale=1/(10x*(1
—rhoh)))

result <—rnorm(1,0,sqrt(sigmaehi2))
assign(paste("e","H",h,"I",i,"J",j,sep=""), subset(result,is.numeric(res

ult)==TRUE)) } }}
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# Yy = Api t €

for (hin 1:length(Nh)){

for (i in 1:Nh_new[h]){

for (j in 1:H[[h]][i]){

assign(paste("x","H",h,"I",i,"J",j,sep=""),
eval(parse(text=paste("A","H" h,"I",i,sep="")))+eval(parse(text=pa
ste("e","H",h,"I",i,"J" j,sep=""))))

b}

# Ynij

x_hij=vector()

for (hin 1:length(Nh)){

for (i in 1:Nh_new[h]){

for (jin 'H[[h]][i]){
x_hij=c(x_hij,eval(parse(text=paste("x","H" h,"I",i,"J",j,sep=""))))
}

}

}

# strata number

strata=vector()

for(i in 1:length(Nh)){
strata=c(strata,rep(i,sum(H[[i]])))
}

# PSU number

PSU=vector()

for(i in 1:sum(Nh_new)){
PSU=c(PSU,rep(i,pop_new$Mhi_A[il))
}
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# weight ( n, =50, my, =10 )
w=c(sum(fH1)*H1/(50%fH1%10),
sum(fH2)*H2/(50*fH2*10),
sum(fH3)*H3/(50*fH3*10),
sum(fH4)*H4/(50*fH4*10),
sum(fH5)*H5/(50*fH5*10),
sum(fH6)*H6/(50+fH6%10))

w_hij=vector()

for(i in 1:sum(Nh_new)){
w_hij=c(w_hij,rep(wlil,pop_new$Mhi_Al[i]))
}

# S EATE AA
Feng=cbind(strata,PSU,x_hij,w_hij)
Feng=data.frame(Feng)

# Design effect component
# PCR 2372

A=vector() # A
a=vector() # a
sigma__yh2=vector() # oy,
sigma__y2=vector() # 05
delta_Sh=vector() # 0,
CV_wh2=vector() # o,
delta_Wh=vector() # deffon
m_h_Star=vector() # my,
rho_h=vector() # p,
delta_Ch=vector() # deff_ch
eta_y=vector() # 1,
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bary__h=vector() # Yy

barY=vector() #

# Kish® 3 2]

deff_w_k=vector() # deffur
deff_c_k=vector() # deff.,
rho_k=vector() # py.

# R=1,00081 vk A3
for (iin 1:1000){

# % PSUHE=E g
Feng_PSU=aggregate(Feng_pop$x_hij, list(strata=Feng_pop$strata,
PSU = Feng_pop$PSU), sum)

# n, =507° J&t F=

psu_sample=vector()

for (iin 1:6) {

Feng_PSUl=Feng_PSU[Feng PSU$strata==1, ]
psu_s=sample(Feng_PSU1$PSU,replace=FALSE,prob=c(Feng_PSU1
$x),50)

psu_sample=c(psu_sample,psu_s) }

psu_samplel=data.frame()
for (iin 1:300){
bc=Feng_pop[Feng_pop$PSU==psu_samplelil, ]

psu_samplel=rbind(psu_samplel,bc) }

obs_new=seq(1,dim(psu_sample1)[1])

psu_sample2=data.frame(psu_samplel,obs_new)
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# my =108 HFTI9 =

st.sample.index <— strata(data = psu_sample2,

stratanames = "PSU", # Z3E A} EE= Wy,
size = c(rep(10,300)) , # 300719 1EA Z+2F 107
method = "srswor") # simple random sampling

# without replacement
Feng_sample=data.frame()
for (iin 1:3000){
bc=psu_sample2[psu_sample2$obs_new==st.sample.index $ID_unit[i],]
Feng_sample=rbind(Feng_sample,bc) }
# A, =M,/ M, A;?
M_h=aggregate(Feng_sample$w_hij, list(strata=Feng_sample$strata), sum)
A_h=M_h$x/sum(M_h$x)
A_h2=(A_h)"2

# a, = 500/3000
a_h=rep(500/3000,6)

# oy
a2=data.frame(st=Feng_sample$strata,xw=Feng_sample$w_hij*Feng
_sample$x_hij)

a3=aggregate(a2$xw, list(strata=a2%st), sum)

bary_h=a3$x/M_h$x

# O’ih
a4=Feng_sample$w_hij*(Feng_sample$x_hij—rep(bary_h,each=45
0))"2

ab=data.frame(st=Feng_sample$strata,a4)

ab=aggregate(ab%a4, list(strata=ab5$st), sum)

sigma_yh2=a6%$x/M_h$x

# oy
bary=sum(a2%$xw)/sum(M_h$x)
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# 032/
a7=Feng_sample$w_hij*(Feng_sample$x_hij—rep(bary,2700)) ™ 2
sigma_y2=sum(a7)/sum(M_h$x)

# 55h
delta_sh=(A_h2/a_h)#*(sigma_yh2/sigma_y2)

# w,
barw_h=M_h$x/450

# Si;h
a8=data.frame(st=Feng_sample$strata,a9=(Feng_sample$w_hij—rep
(barw_h,each=450)) "~ 2)

al0=aggregate(a8%a9, list(strata=a8%$st), sum)

s_wh2=a10$x/450

2
# cv, vh

u

cv_wh2=s_wh2/(barw_h) "~ 2

# deff'u;h
delta_wh=1+cv_wh2

# m;
all=aggregate(Feng_sample$w_hij,list(strata=Feng_sample$strata,p
su=Feng_sample$PSU),sum)

al2=data.frame(all$strata,al1$x "™ 2)

al3=aggregate(al2%$all.x.2 list(strata=al2%all.strata),sum)
al4=data.frame(st=Feng_sample$strata,w2=Feng_sample$w_hij "~ 2)
alb=aggregate(al4$w2,list(st=al4$st),sum)
m_h_star=al3%$x/al5%x
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# Y
al6=aggregate(Feng_sample$w_hij,list(psu=Feng_sample$PSU),su
m)
al7=aggregate(Feng_sample$w_hij*Feng_sample$x_hij,list(st=Feng_
sample$strata,psu=Feng_sample$PSU),sum)

bary_hi=al7$x/al6$x

# ehi
al8=data.frame(st=Feng_sample$st,psu=Feng_sample$PSU,t=Feng
_sample$w_hij*(Feng_sample$x_hij—bary))

al9=aggregate(al8%t list(st=al8%st,pus=al8%psu),sum)
e_hi=al9%$x/sum(Feng_sample$w_hij)

# e,

a2l=data.frame(st=al9%$st,e_hi)
a20=aggregate(a21$e_hi,list(st=al9%st),sum)
bare_h=a20$x/50

# V,(y)
a21=data.frame(st=al9%$st,t=(e_hi—rep(bare_h,each=50)) "~ 2)
a22=aggregate(a21%t,list(st=a21$st),sum)
sigma_bary=sqrt(sum(a22%$x*50/49))

# e, — T X
a23=data.frame(st=Feng_sample$st,psu=Feng_sample$PSU,t=Feng
_sample$w_hij*(Feng_sample$x_hij—rep(bary_h,each=500)))
a24=aggregate(a23%t,list(st=a23%st,pus=a23%psu),sum)
e_hi_h=a24%x/rep(M_h$x,each=50)

# e — %X
a25=data.frame(st=a24$st,e_hi_h)
a26=aggregate(a25%e_hi_h,list(st=a25%st),sum)
bare_h_h=a26%x/50
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# V,(y,)
a27=data.frame(st=a24%st,t=(e_hi_h—rep(bare_h_h,each=50)) "~ 2)
a28=aggregate (a27%t,list(st=a27$st),sum)
sigma_bary_h=sqrt(a28%$x%*50/49)

# deff,
deff_h=sigma_bary_h" 2/sigma_yh2%499

# deff
deff=sigma_bary ™ 2/sigma_y2+%2999;deff

# deffch
delta_ch=deff_h/delta_wh

# hat_deff
hat_deff=sum(delta_sh*delta_ch*delta_wh);hat_deff

# n,
eta_yw=deff/hat_deff

# p,
rho_yh=(m_h_star—1) ~ —1=(delta_ch—1)

A=c(A,A_h)

a=c(a,a_h)
sigma__yh2=c(sigma__yh2,sigma_yh2)
sigma__y2=c(sigma__y2,sigma_y2)
delta_Sh=c(delta_Sh,delta_sh)
CV_wh2=c(CV_wh2,cv_wh2)
delta_Wh=c(delta_Wh,delta_wh)
m_h_Star=c(m_h_Star,m_h_star)
rho_h=c(rho_h,rho_yh)
delta_Ch=c(delta_Ch,delta_ch)
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eta_y=c(eta_y,eta_yw)
bary__h=c(bary__h,bary_h)
barY=c(barY,bary)

# deff'u;,k:
cv_w2=14+(sqrt(sum((Feng_sample$w_hij—mean(Feng_sample$w_hi

i)) " 2)/3000)/mean(Feng_sample$w_hij)) ™2

# deffc,k:
deff_c=deff/cv_w2

# pk:
rho_kish=(deff_c—1)/9

deff_w_k=c(deff_w_k,cv_w2)
deff_c_k=c(deff_c_k,deff c)
rho_k=c(rho_k,rho_kish)

}
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