
To 





(OWTM-18398 

Engin thematics Division 

Tommy Wright 

e 1987 

U 5-8$QR2 1400 





iii 

CONTENTS 

......................................................................................................................... v 

CTION .................................................... ............. .......................................... 1 

PLING SC3-I.EW ......................................................... 4 

............................................................ 7 

AL COMPARZ ..................................................................................... 9 

N .................................................................................................................. 20 

...................................................................................................................... 22 





- v -  

LE 

matics Division 

ABSTRACT 

e can be gains in over equal prob 
when one makes use 

n for probability hout replacement 
h methods are 

n may not be a 
iable of interest, we 

ery simple w p w m  

its can be ran 
be gains in estima 
ranks for all sample 

S: Horvitz-Thompson Jackknife; npswor Ranks; 
Variance E s t h  





h a t e  some u 

are unknown assume that 

be selected to est 

* included in the 

e c = n .  Th 1, - .N, the 

b 

* 

btained from 

ment, Le.. a un 
ore than once. 

n unit to at 

each unit bei 

st one of the f 

The method is to execute if n 



2 

(ii) 

(iii] 

( i d  

2, it will aften im 

Other simple plans 
estimation of the 

her biases that can come 

with systematic selection due $a the ordering of the ppulation. 

ing and unbiased 

r in the sample more than 
once. Quite the opposite is true of in the previous 

pling method that is 

selectians from the sa 

for  the iZh selection for the s 

tion conditions 

" of the population and select one: unit 



3 

* 

btained, occasia 
thought of as a 'm 

not know a sui 
ach unit rehti 

t know exact 
to rank units reasana 

nof  then hete 
In what follows, 

uliiti~n. There 

entia1 custom 
A wants to es 

seem most app timely estimates o 

"s using w p w w .  omer demand 
om month to mo 

nt ial customers 
e in this case, i 

160 distributo ith a reamnab 

r. a new and e 
ling basd on ran 

correlated with 

ffer from the mentioned in t 

are ZWQ. Ther e sampling varian 
stimator and obtain bias. For some s 

f this paper and the 

and Asad (1981) w 



4 

n . Assign to group n the middl 

U(,--1)Rfl. * * * S ~ n k  P K k + 1 .  ' * .U(,+l>k - 
It is easy to see that the of the ranks in each group is 

N ( N + 1 ) / 2 n .  Th cation will tend to make the strata (or 
groups) all have m to that of the overall population. 

distribution af 
the y -values. 

2.2 SEX4 
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rank relative to the ranks in that group denoted by p;i. 
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( y  / x  ) for Five Populations 

Population 1. Source: Cochran (1977). p. 152. (N =48). Population sizes of 48 large 
United States cities (in 1000’s) in 1930 ( y i )  and 1920 (x i  ). 

46/36 53/45 58/50 64/40 791’7 1 104/9 3 130/116 260/179 
48/23 53/46 69/40 65/46 80/7 6 105/87 139/136 288/256 
50/29 54/36 61/43 67/67 8 5/9 4 1 OW7 8 142/56 291/243 
50/2 57/60 63/37 69/61 86/66 111/30 143/138 317/298 
50/43 57/25 631’6 4 75/48 89/77 113/121 183/172 4591’3 87 
52/38 58/44 64/50 77/64 9 9 7  4 115/120 232/161 464/3 8 1 

Population 2. Source: Yates (1949). p. 159. (N -42). Population sizes (x i  ) of 
42 kraals in the Mondora Reserve in Southern hodesia and the 
number of persons absent ( y i  ) from these kraals. 

2/6 1 7/89 10/82 14/83 18/95 25/124 28/9 1 
3/45 7/47 12/43 15/142 18/125 25/42 21/148 
3/3 I 8/33 12/64 16/45 18/103 26/54 35/8 5 
4/53 9/81 12/7 5 16/52 19/51 26‘132 36/159 
5/28 9/57 13/7 3 16/69 22/8 6 27/67 41/132 
6/30 9/63 14/79 17/43 24/116 27/69 45/96 

Population 3. Source: Yates (1949). p. 163. (N=24). Measured volumes of timber ( y i )  
on 24 sample plots and eye estimates ( x i  ) of corresponding stands 
(cu.ft. per 1/10 acre). 

24/287 74/148 100/196 125/65 146/92 154/1 10 182/152 255/208 
47/14 87/110 110/110 126/95 146/110 1691’152 1951’208 255/167 
64/57 91/70 112/128 135/110 153/79 170/102 2161’17’7 261/268 

Population 4. Source: Sukhatme and Sukhatme (1970), p. 51. ( N  =24). Values of total 
cultivated area (xI  ) and area under rice ( y i  ) for 24 villages in 
Baloda Bazar Tehsil (in acres). 

101/120 231/327 392/651 565/67 1 6971’871 785/1042 929/979 1055/1170 
107/206 330/515 417/428 568/842 745/1016 810/895 1026/1055 11904262 
1 3 m  62 338/497 516/541 688/1232 768/1346 898/1285 1036/1331 1666/2110 

Population 5. Source: Sukbatme and Sukhatme (1970), p. 185 ( N  ==32). Values of area 
under wheat far 1936 (xi) and 1937 ( y i )  for 32 villages in 
Lucknow Subdivision (India) (in acres). 

6/5 62/73 99/109 111/125 141/196 219/235 278/254 355/359 
27/45 79/78 100/137 111/125 144/131 221/247 278/254 381/442 
52/75 79/62 103/129 112/101 149/153 249/238 289/326 399/427 
60/7 1 85/92 105/78 133/134 179/192 265’25.5 330/663 498/481 
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Table 2. V tive to vw 

Populrtion 1 n = 
n =4 
n =I2 

Population 2 n =3 

Population 3 n =2 
n =3 
n =6 

Population 4 n =2 
n =3 

Population 5 n =4 

3.503 
5.335 
6. 

31.393 
4.419 
4.281 
3,609 

20.726 
20.508 
53,796 

1.476 
2.349 
3.233 

1.787 
1.022 
1.038 
1.021 
1.024 

5.048 

1 A44 
2.199 
2.476 

1.788 
.978 
3 4 7  
.799 

.979 

.969 
4.559 

Assignments of the Units by Ranks do the PZ 9.1 gxoupm fox Met 

(1) (1.2, ' 97); (28,29, ' ,39); (4.41, ' ,481 
(2) (1,2# * 31); (22,23, ,XI); (31f2, ' 39); (38.39, ,43); (44.4!5@ ,481 
(3) (47,481; (45,46); (1.2.43.44); (3,4,41,42); (5,6,39,40); (7,8,37,38); (9,10,35,36); (11,12,33,34); 

(4) (1'2, ' * 91); (22.23, * $3); (31'52, ,37); (38.39, * ,42) 
(5) (13, ' ' J4); (15.16, 3); (2132,23941 
(6) (1.2, ' . * J2); (15.14, ' 
(7) (1.2, ' 
(8) (1,2, ,14); (15,16, a h  (21,22,23,241 
(9) (1.2, * ,12h (13,14, J9); (18,19$%.21); (123.24) 

(13,14,31,32); (15,16,29,30)3 (17,183738); (19,24&26); (20313233) 

* ,17); (18,193,21); (22,2334) 
,9); (10J1,12,13); (14,15,16); (17.18h (19,20); (2132): (23,241 

(10) (12, * * * J4); (15,16, * * $%); (21,22, ,=I; (26,27~~,~~h ( 

Population 2 n =: 3 
Population 3 n = 2 

n = 3  
n = 6  

Population 4 n = 2 
n = 3  

Population 5 n = 4 

.951 
1.79 
2,436 

1.188 

.845 

.057 

.025 
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8 DI IO 

There can be gains in 

s when one makes use of auxiliary information for 
npswor sampling methods. However, r r p w m  methods are often complex to execute, 
particularly when n > 2. Also, appropriate auxiliary information may no 

When the ~ p ~ l ~ t i ~ ~  units ca 
(Sections 3 and 4) that there n ~ ~ i ~ a t ~ o n  ~ f f i c i ~ n ~ ~  with a very simple 

where N = 2k-n I 

1 nonparametric statistical methodology. 
Considering the nonparametric-like nature of sampling theory for a finite 
wonders why w e  of the ranks isn't 

shown, ranks can be quite 

belief in the accuracy of th 

variables. 

ethodalogy. As we ha,ve 
ay actually have more 

size than the "traditional" x auxiliary 

The props& method r that M 2kn. If this equality does not hold initially, 

achieved rather easily by taking enough ( y d of the largest units it can generally 

with certainty so that N-c = 2k (n --e 1. Thus we would select the remainin 

ple from the remainin ith T ~ S W O ~  sampling. 

I? is  a clear a l t ~ ~ ~ ~ t i v ~  to t e methods o f  R ~ Q ,  Wartley, and 
side from the results in Section 4, one 

may compare the rn ao, Hartky, and Cochsan (1962) 
form the n groups randomly. As a result. their method is sww sampling. but 

it does have an unbiased estimator of v riance. Samiuddin and Asad (1981) form n 4-1 

The method of thi 
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