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Variance Analysis of ~970
Wisconsin State Farm Census 11

A variance analysis of data collected in the 1970 State Farm Census in
'Wisconsin was made primarily to develop resource material that would be
'use'ful'for training in sampling. Hence. most of the 1[ertlre tat ion is
left 'for students and instructors in sampling or reader with a background
in sampling theory and agriculture. To illustrate appl! at ions of sam-
pling theory numerous exercises for students can be formulated with ref-
erence to the tables. Also, much time can be spent profitably on studying
the patterns of variation portrayed by the tables and on examining the
effectiveness of various sample designs in relation ,to the patterns of
variation.

One of the reasons for selecting Wisconsin was its wide geographic varia-
tion in agriculture. Secondly, the data happened to be convell1iently
available on magnetic tape and the variances could be computed for a mod-
est cost. Third. as a farm in the annual census in Wisconsin is identified
by a number that remains unchanged from year-to-year there was an attractive
potential for taking another year's data and studyirtg variances with ref-
erence to year-to-year changes. which could add a very important dimension
for study.

Items were selected for this study primarily with reference to variability
characteristics from the viewpoint of sample design.' A major criterion for
selection of items was percent reporting which ranges from less than one
percent for potatoes and snap beans to 100 percent for farmland. Another
criterion was geographic distribution. Some items selected are more uni-
formly distributed over the State than others. Population (number of
persons living on a farm) was included because the variation from farm
to farm is low and it is an item reported by nearly all farms.

The numbers in columns (2) thru (6) of tables 1 and 2 are not official
estimates. They are totals as enumerated in the Wisconsin State Farm
Census and may differ from official estimates for several reasons includ-
ing, under or wer enumeration. definitions, and dates to which the data
relate.

(
ALL v~rJ.ances in the accompanying tables are eXP.~ked as r~~~f:! v~!:!~ces j
011 a RinRle unit basis, i.e., a variance can be interpre~fd as applying to a
Saml)le of size "one"--one farm in tables l, 2,' 3. and 4 and one township in -
table 6. Variance formulas are ,presented in appendix A so there will be no
m:Lsunderstanding of what the variances are arithmetically. Appendix A gives
explanations by columns of the tables.
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Y Prepared by gad I';. Houseman, December 1971.
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For farmland:

Crop Reporting Districts, CRO's, are subdivisions of the State which are
used' for various statistical purposes. They are relatively homogeneous
groups of counties. See figure 1 at the end of 'the tables for an outline
of the State showing CRD's and counties.

Townships are subdivisions of counties. A few townships had only one or
two farms. Townships with less than four farms were combined with adja-
cent townships, giving a total of 1,462 townships (or township combinations)
for purposes of this study. The average number of farms per township was
69.5

The system designed for processing the data involved two computer runs. The
first run provided an output tape with the following results for each town-
ship, county, CRD, and the State:

N; :z Y ) .2. y", ~ S;
where N is the number of farms,

the variance of farmland
.:t ~ S S:L(- )q

For each item other than fa~land: A:r. ) ~ X) ~ X ) ~ X» ~ ) ')<y) ~ YYI
where Nit is the number C)f farms reporting the item (that is, Nrr..,

Y is
cil

SyiS

the number of acres of fa~land, and

is the number with X..; > 0)
X represents anyone of th~ selec:ted items,

~ '

~ is the variance of X f

S~y is the covariance of X and Y, and
.s~(Yf):: s; r (#)~rJ. - ~(#)51-Y

_ X
which is the variance of .r T

Tables 1 and 2 were compiled from a print out of the CRD and State data on
the output tape from the first run. The output tape from the first run was
the input tape for the second run which gave results for the remaining
tables.
A ruv:l,cwof the variances indicated the possibility of an error for clover-
timothy acres in Crop ReportinB District No.4 (See table 2). The data
proct"ssing system provided for an output tape with township data on it
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including variances within each township. A print out of the township data
for CRD No. 4 showed one township that had an extremely large variance, so
a print out of individual farm data for this township was called for. The
record for one farm showed 5,000 acres of clover-timothy, a record that was
clearly in error. The record could have been corrected and the results
changed or clover-timothy could have been deleted from the tables. However,
results as obtained from the computer output are shown in the tables to
illustrate the il!lpactof an error of this kind on the results. Also, it
iR of interest to consider the impact on sampling error and sample design
if in fact one unusual farm did exist that had 5,000 acres of clover-timothy.



Relative,
Variance' Design

All : Farms :Efficiency
Farms :Report- : For Ratio . ~>'~

: : ing : Estimator '.
(8)~ : (~) (10) . i
;~'J. A~ "M.or~_{
6.i~5 o. 725 __~¥.'" t

0.450 0.372 1.82 . f

1.277 0.593 .82
3.33 1.88 .71

9.0 138.2
3.3 488

11.1 789
2.3 1501

:r,~
" t

.91

.98

.98

.97//

.83

.98

.93
1.00

1.00
.98
.98

1.00

1.49
0.37
3.50
2~19

1.25
11.36

1.99Y
3.24

._2.76
4.74
4.76
2.45

3.04
1.34

16.07
15.76

56.9
18.9
23.5
22.2

19.7 13.20
23.7 163.9
10.7~) 73.4

.1i.6 134'.2

(7)
'VVM
149.3

2.79
32.3
46.8

Standard
Deviation:

Table 1.--State Summary 1/

: Farms Reporting AverageAverage PerItem Total Per Farm. Number. :Percent _,Farm Reporting. .
(1) (2) (3) (4) (5) (6)

~"f"'" 3"";' A ~+J4 ;z+ '3Farmland (acres) : 17,825,290 101,685 100.0 175.3 175.3Population (persons) 423,654 96,428 94.8 4.17 4.39Alfalfa (acres) · 2,906,718 71,434 70.2 28.6 40.7·All ·com (acres) · 2,611,523 67,573 66.5 25.7 38.6·
All pasture (acres) · 3,315,811 62,401 61.4 32.6 53.1·Hil.k cows (head) · 1,657,230 59,728 58.7 16.3 27.7·Beef cattle (head) · 595,961 26,895 26.4 5.86 22.2·Clover and timothy (acres) 569,105 19,294 19.0 5.60 29.5··Hay for silage (acres) 551,600 16,169 15.9 5.42 34.1Cattle Marketed (head) 188,397 7,600 7.5 1.85 24.8Soybeans (acres) : 126,645 4,125'{. 4.1 1.250 30.7)\Peas (acres) · 101,614 3,180 3.1 1~06 32.0···Stock sheep (head) · 77,679 2,742 2.7 .76 28.3·Spring wheat (acres) · . 15,281 1,194 1.2 .15 12.8·Potatoes (acres) · 40,079 741 0.7 .39 54.1·Snap beans (acres) · 6,070 234 0.2 .06 25.9·:
1/ See appendix for explanations keyed to column numbers.

wisconsin State Farm Census - 1970

/



-- --- - - - - -- -~- - - -- -- -"_ ..

GO,

--....,

"isconsirl 3tate Fa~ Census - 1970

Table 2.--Stimmary by Crop Reporting Districts 11 ':

Farms Reporting Relative
Average Variance DesignAverage Per Standard : Farms :EfficiencyCrop ?~porting Jistrict Total Per . All

Number :Percent Farm Farm Deviation: Farms :Report-: For Ratio. Reporting ing Estimator
(llj (2) (3) (4) (5) (6) (7) (8) (9) (10)

~~~' Farmland
1 1,954,882 10,748 100.0 181.9 181.9 135.0 0.548 0.548
2 : 1,873,188 11,166 100.0 167.8 167.8 125.1 0.548 0.548
3 · 993,455 5,~17 100.0 167.9 167.9 130.2 0.608 0.608·4 · 3,070,561 15,342 100.0 200.1 200.1 159.8 0.640 0.640·5 : 1,689,508 9,616 '100.0 175.7 175.7 190.1 1.166 1.166··6 2,145,109 15,164 100.0 141.5 141.5 123.5 0.757 0.757
7 · 2,8"'26,942 13,654 100.0 207.0 207.0 154.5 0.562 0.562·8 '. 2,374,689 14,315 100.0 165.9 165.9 148.2 0.792 0.792
9 : 896,956 5,763 100.0 155.6 155.6 155.7 1.000 1.000

STATE 17,825,290 101,685 100.0 175.3 175.3 149.3 O.722 0.722

· Population···1 41,815 10,245 95.3- 3.89 4.08 2.5 0.410 0.348 1.73
2 46,599 10,683 95.7 4.17 4.36 2.6 0.397 0.336 1.79
3 : 23,583 5,605 94.7 3.99 4.20 2.6 0.422 {).348 1.82
4 62,807 14,548 94.8 4.09 4.32 2.7 0.422 0.348 1.80
5 : 36,438 8,982 93.4 3.79 4.06 2.8 0.532 0.422 2.13
6 66,695 14,486 95.5 4.40 4.60 2.8 0.384 0.325 2.23
7 : 57,849 12,771 93.5 4.24 4.53 2.9 0.462 0.372 1.47
8 63,039 13,669 95.5 4.40 4.61 3.1 0.490 0.422 1.56
9 24,829 5,439 94.4 4.31 4.56 3.2 0.548 0.462 1. 75

STATE 423,654 96,428 94.8 4.17 4.39 2.79 0.449 0.372 1.82

1/ See appendix for explanations keyed to column numbers.





_____ ~T __ "' • ___ T_~ __ ~"._ •-- - - -- ---. ~-

,;/,1
'/.:,

' .
.;'::.;;

. ---....•
wisconsin State Farm Census - 1970

.•~.Table 2. Con't.--Summary by Crop Reporting Districts 1..1

Farms Reporting Relative. Average Variance Design. Average
: Per : Standard : : Farms :EfficiencyCrop Reporting District Total Per De· i AllNumber :Percent -Farm Farm vlat on: Farms :Report-: For Ratio

Reporting . ing Estimator(11) (2) (3) (4) (5) (6) (7) (8) (9) (10)
All Pasture'

1 551,883 7,059 65.7 51.3 78.2 69.8 1.85 0.86 .742 444,482 7,796 69.8 39.8 57.0 52.0 1.72 0.88 .883 109,614 3,044 51.4 18.5 36.0 34.7 3.50 1.32 .894 574,302 10,371 67.6 37.4 55.4 52.2 1.96 1.00 .895 · 220,792 4,578 47.6 23.0 48.2 65.0 7.95 3.28 .87·
6 193,157 8,117 53.5 12.7 23.8 20.4 2.56 0.90 1.047 · 806,877 9,976 13.1 59.1 80.9 85.0 2.07 1.23 .67·8 340,653 9,033 63.1 23.8 37.7 39.2 2.72 1.35 .859 74,051 2,427 42.1 12.8 30.5 28.0 4.80 1.44 .93STATE 3,315,811 62,401 61.4 32.6 53.1 56.9 3.06 1.49 .83

Milk Cows

1 160,302 6,457 60.1 14.9 24.8 17.4 1.37 0.42 .762 194,165 7,766 69.6 17.4 25.0 16.7 0.92 0.34 .913 90,887 3,607 61.0 15.4 25.2 17.0 1.21 0.35 .974 248,151 9,041 58.9 16.2 27.4 18.5 1.30 0.36 .915 110,856 4,775 49.7 11.5 23.2 16.() 1.93 0.46 1.26
6 281,351 9,639 63.6 18.6 29.2 19.3 1.08 0.32 .927 242,307 8,511 62.3 17.7 28.5 18.7 1.12 0.31 1.018 244,386 7,408 51.7 17.1 33.0 21.7 1.61 0.35 .969 84,825 2,524 43.8 14.7 33.6 22.2 2.28 0.44 .91STATE 1,657,230 59,728 58.7 16.3 27.7 18.9 1.35 0.37 .98

1/ See appendix for explanations keyed to column numbers.



Wisconsin State Farm Census - 1970

~able 2. Con't.--Summary by Crop Reporting Districts 11

Crop Reporting District

(11)

Total

(2)

Farms Reporting

.
Number :Percent •..

(3) (4)

Average
Per
Farm
(5)

Average
Per
Farm

Reporting
(6)

Relative
Variance Design

Standard All: Farms :Efficiency
Deviation: :Report-: For RatioFarms ing Estimator

(7) (8) (9) (10)
Beef Cattle

1
2
3
4
5

6
7
8
9

STATE

48,907
26,009
16,433

106,285
39,790

36,839
167,775
128,472

25,451
595,961

3,012
2,189
1,071
4,552
2.193

2.959
4,879
4,767
1,273

26,895

28.0
19.6
18.1
29.7
22.8

19.5
35.7
33.3
22.1
26-.4

4.55
2.33
2.78
6.93
4.14
2.43

12.3
8.97
4.42
5.86

16.2
11.9
15.3
23.3
18.1

12.4
34.4
27.0
20.0
22.2

14.3
9.6

12.8
21.4
16.1

11.5
37.8
35.0
19.9
23.5

9.92
16 .81
21.25

9.55
15.05

22.37
9.42

15.21
20.25
16.08

2.07
2.50
3.03
2.13
2.66

3.57
2.72
4.41
3.69
3.50

.95

.98

.95

.93

.93

.97

.85

.91

.98

.93
Clover and Timothy

1
2
3
4
5

134,353
234,203

45,856
46,317
56,468

4,036
7,712
1,422
1,647
2,228

37.6
69.1
24.0
10.7
23.2

12.5
21.0

7.75
3.02
5.87

33.3
30.4
32.2
28.1
25.3

24.5
23.3
19.3
'1.6
14.7

i

'\ i:~j)1 ~:~~
6.20 0.72

~ 19.45
6.30 0.69

.92

.99

.95
1.00
1.11

6
7
8
9

STATE

24,617
9,631
7,378

10,282
569,105

918
396
503
432

19,294

6.0
2.9
3.5
7.5

19.0

1.62
.70
.52

1.78
5.60

26.8
24.3
14.7
23.8
29.5

9.0
6.2
3.8
9.7

22.2

30.69
77 .26
55.35
29.48
15.76

0.92
1.28
0.98
1.30
2.19

1.00
.99

1.01
1.02
1.00

1/ See appendix for explanations keyed to column numbers.



wisconsin State Farm Census - 1970

Table 2. Con't.~-Summary by Crop Reporting Districts 1/ --

Farms Reporting Relative
Average Variance JesignAverage Per Standard : Farms :Efficienc~Crop Reporting District Total Per All -

Number :Percent Farm Farm Deviation: Farms :Report-: For Ratio
Reporting ing Estimator

(11) (2) (3) (4) (5) (6) (7) (8) (9) (10)
: Hay for Silage

1 48,982 1,277 11.9 4.56 38.4 19.6 18.40 1.32 .91
2 52,497 2,025 18.1 4.70 25.9 15.~ 10.89 1.-14 .91
3- : 26,414 966 16.3 4.46 27.3 15.4 11.97 1.10 .924 81,787 2,466 16.1 5.33 33.2 19.3 13.10 1.28 .90
5 · 36,245 1,101 11.4 3.77 32.9 16.5 19.18 1.30 .93···6 91,650 2,686 17.7 6.04 34.1 21.1 12.18 1.32 .89
7 90,332 2,552 18.7 6.62 35.4 21.3 10.30 1.12 .918 100,219 2 ,472 17.3 7.00 40.5 23.9 11.70 1.19 .88
9 23,474 624 10.8 4.07 37.6 17.4 18.23 1.08 .92STATE 551,600 16,169 15.9 5.42 34.1 19.7 13 •25 1.25 .91

· Cattle Marketed···1 : 3,543 239 2.2 .33 14.8 4.5 187.7 3.20 .992 · 1,660 129 1.2 .15 12.9 3.4 534.1 5.20 1.00·3 1,342 172 2.9 .23 7.8 3.8 281. 9 7.24 .994 : 14 ,603 879 5.7 .95 16.6 8.0 71.0 3.13 .98
5 13,709 650 6.8 1.43 21.1 24.3 288.0 18.49 .94
6 16,999 1,473 9.7 1.12 11.5 12.2 119.5 10.69 .98
7 44,341 938 6.9 3.25 47.3 41.1 159.8 10.05 .988 76,664 2,344 16.4 5.36 32.7 39.7 54.8 8.18 .959 15,536 776 13.5 2.70 20.0 18.4 46.5 5.43 .98STATE 188,397 7,600 7.5 1.85 24.8 23.7 164.4 11.36 .98

1/ See appendix for explanations keyed to column numbers.
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Table 2. Conlt.~-Summary by Crop Reporting Districts 1/

Farms Reporting Relative
Average Variance DesignAverage Per Standard : Farms :EfficiencyCrop Reporting District Total Per All

Ntmlber :Percent Farm --Farm Deviation: Farms :Report- : For Ratio. Reporting ing Estimator(11) (2) (3) (4) (5) (6) (7) (8) (9) (10)

Soybeans
1 5.029 199 1.9 .47 25.3 7.1 228.6 3.24 .992 : 496 42 0.4 .04 11.8 1.0 557.9 1.10 1.003 49 5
4 31,697 1.221 8.0 2.07 26.0 10.4 25.2 1.08 .965 4,773 220 2.3 .50 21.7 4.8 93.7 1.17 .99

:
6 9,820 353 2.3 .65 27.8 6.6 102.4 1.42 .98
7 4,761 237 1.7 .35 20.1 4.0 127.9 1.25 .99
8 33.327 980 6.8 2.33 34.0 13.5 33.8 1.39 .96
9 36.693 868 15.1 6.37 42.3 30.7 23.1 2.66 .84STATE 126.645 4.125 4.1 1.25 30.7 10.7 12.8 1.99 .98

Peas

1 2.396 74 0.7 .22 32.4 3.6 254.1 0.76 .992 1.095 43 0.4 .10 25.5 2.2 517 •6 1.00 1.00
3 2.621 66 1.1 .44 39.7 5.5 153.5 0.74 .994 5.031 172 1.1 .33 29.2 5.4 274.6 2.07 .99
5 7.517 175 1.8 .78 43.0 9.3 142.8 1.61 .98..
6 34,621 1.185 7.8 2.28 29.2 19.1 70.1 4.54 .907 3.466 135 1.0 .25 25.7 3.5 189.9 0.88 .998 37.785 1.128 7.9 2.64 33.5 19.5 54.3 3.35 .94
9 7.082 202 3.5 1.23 35.1 11.5 87.2 2.10 .98STATE 101.614 3.180 3.1 1.00 32.0 11.6 134.3 3.24 .97

1/ See appendix for explanations keyed to column numbers.
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Table 2. Con't.~-Summary by Crop Reporting Districts l/ ~

Farms Reporting Relative
Average Variance . DesignAverage .

Per Standard : Farms :EfficiencyCrop ~eporting ~istrict Total Per Farm Deviation: All :Report-: For RatioNumber :Percent Farm Reporting Farms ing Estimator.
(11) (2) (3) (4) (5) (6) (7) (8) (9) (10)

Stock Sheep
1 7,100 220 2.0 .66 32.3 7.9 142.3 1.93 1.002 1,916 105 0.9 .17 18.2 3.2 353.1 2.34 1.003 1,174 70 1.2 .20 16.8 2.6 174.8 1.08 1.004 13,881 405 2.6 .91 34.3 9.1 101.4 1.69 1.005 5,003 207 2.2 .52 24.2 5.1 95.4 1.08 1.01
6 4,106 211 1.4 .27 19,.5 3.8 198.0 1.77 1.007 18,600 627 4.6 1.36 29.7 13.6 100.2 3.65 1.008 20,934 717 5.0 1.46 29.2 13.7 88.4 3.46 1.009 4,965 180 3.1 .86 27.6 8.2 90.6 1.85 1.00STATE 77 ,679 2,742 2.7 .76 28.3 9.0 138.3 2.76 1.00

Spring Wheat
1 482 29 0.3 .04 16.6 1.6 1236 2.34 1.002 176 16 0.1 .02 11.0 .6 1442 1.06 1.003 137 15 0.3 .02 9.1 .7 947 1.42 1.004 643 53 0.3 .04 12.1 1.4 1040 2.66 1.005 1,610 53 0.6 .17 30.4 8.5 2617 13.40 .98
6 2,663 293 1.9 .18 9.1 1.6 86 0.67 .987 338 23 0.2 .02 14.7 .8 1008 0.69 1.008 1,546 147 1.0 .11 10.5 1.4 175 0.81 .999 7,686 565 9.8 1.33 13.6 6.8 26 1.69 .93STATE 15,281 1,194 1.2 .15 12.8 3.3 490 4.75 .98

1/ See appendix for explanations keyed to column numbers.
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Table 3 - e1ati~rian~or Stratified Random Sampling
Sample Al10ca 0 oportioned to Number of Farms II

. ~-:' f

I
I
I
!

:Township.
(21)

Ratio Estimator (13) fll>-' L.--A~ ,

./ MI--- '

_-I
;

0.799 0.783 0.747 I

0.948 0.904 0.800 [

2.12 2.01 1.89 .-I
2.37 2.31 1.73 ,
1.28 1.23 1.14 ---',

14.67 14.50 14.06 i

14.45 14 .02 12.92

11.95 -11.86 11.52
159.3 158.7 156.0

70.0 67.3 64.7
129.7 128.4 125.9

137.8 137.4 136.8
476 470 461
175 765 743

1496 1482 1430

..
:Crop Reporting:

District County
(19) : (20)

··
~/...{.i..- Stratification (14)

Mean Estimator (12)

:Crop Reporting: . ZeroNone County ;Township . None· District :lIoa-Zero·-

8 - · (11) . (15) . (16) (17) · (18)· . . ·s •.•..y~"I

0.725 0.711 0.698 0.657 0.725
· 0.450 0.447 0.441 0.425 0.392 0.821·=--71•277 1.178 1.134 1.024 0.844 1.042
· 3.33 3?1l 2.98 2.83 -2.82

\
2.35···· 3.04 2.81 2.75 2.15 2.42 2.52·· 1.34 1.33 1.28 1.19 0.63 1.32·· 16.07 15.74 15.52 15.04 13.22 14.92·· 15.76 14.41 14.00 12.93 11.54 15.83·

13.20 13.16 13.07 12.69 7.89 12.00· 163.9 163.0 162.3 159.6 152.0 160.2· 73.4 71.9 69.1 66.5 49.0 71.5
· 134.2 133.3 132.0 -129.5 103.6 139.8·
· 138.2 137.8 137.4 136.8 ~ 102.2 138.1· 488 484 478 469 405 480

789 787 777 755 652 777
:1501 1498 1484 1432 1071 1500

Item

1

All pasture
Milk cows
Beef cattle
Clover and timothy

Farmland
Population
Alfalfa
All corn

Stock sheep
Spring wheat
Potatoes
Snap beans

Hay for silage
Cattle marketed
Soybeans
Peas

11 See appendix for explanations keyed to column numbers.



Wisconsin State Farm Census - 1970

11 See appendix for explanations keyed to column numbers.

1.000 .981 .963 .906 1.000 1.000
1.000 .993 .980 .944 .811 1.000 .973 .954
1.000 .922 .888 .802 .661 1.000 .910 .868
1.000 .934 .895 .850 .847 1.000 .902 .855

'",

1.000 .924 .905 .707 .796 1.000 .940 .917
1.000 .992 .955 .888 .470 1.000 .970 .932
1.000 .979 .966 .936 .823 1.000 .983 .972
1.000 .914 .888 .820 .732 1.000 .913 .886

1.000 .997 -_ •990 .961 .598 1.000 .996 .988
1.000 .994 .990 •974 .927 1.000 .994 .991
1.000 .980 .941 .906 .668 1.000 .979 .941
1.000 .993 .984 .965 .772 1.000 .992 .982
1.000 .997 .994 .990 . .•740 1.000 •998 .995
1.000 .992 .980 .961 .830 1.000 .992 .979
1.000 .997 .985 .957 .826 1.000 .997 .984
1.000 .998 .989 .954 .714 1.000 .997 .988

1.000 .974 .955 .908 •752 1.000 .969 .949

·I •

.686

.864

.942

.816

.910

.768

.804

.960

.971:.

.905 i

.962

.990

.96C

.956 ' ,

.953 ! '

.897

Ratio Estimator (13)

:Crop Reporting: Co '.:Township·District : ;mty •
(28) (29) (30)

None

·.

··

Stratification (14)
• : Zero
;Township :Non-Zero :
: (25) : (26)

Mean Estimator (12)

:Crop Reporting: County
: District :

(23) : (24)

Table 3A - Design Efficiencies for Stratified Random Sampling
Saaple Allocation Proportioned to Number of Farms!!

(22)

·.

··

··

··

··

·•

·• None
··

··

(1)

Average for all items
except farmland

Item

Stock sheep
Spring wheat
Potatoes
Snap beans

Hay for silage
Cattle ilarketed
Soybeans
Peas

All-pasture
Milk cows
Beef cattle
Clover and timothy

Farmland
Population
Alfalfa
Allcorn



Wisconsin State Farm Census - 1970

Table 4 - Relative Variances and Design Efficiencies, for
Alfernative Sample Allocations to Crop Reporting Districts 1/

Relative Variance Design Efficiency
· : · (12) :

R&tio· Mean Esttmator'(l2) Ratio Est:i1liator(13); Mean Estimator· · Estimator(13)· · ·Allocation Pro- :A110cat ion ·Item :A1location· portional to · Propar- ·· · · • Propor- I· . OptimUlll1tion8l. to · Optimum OptimUlll · Optimum· Hullber .
f It•••) · tiona! to ·
\ ;;:;1

. Allocationr Number of · Allocation: · Allocation: Allocation Iof Farms . · Item Total; I· ,~ Fanas · j· : ,. ·(1) · (11) : (32) · (19) : (33) · (34) · (35) · (36) !· · .. · · I· I·F aDlland · 0.711·Population · 0.447 0.447 0.445 0.799 0.798 1.000 .996 .999·Alfalf a · 1.178 1.228 - 1.156 0.948 0.925 1.042 .981 .976·All com · 3.11 2.66 2.58 2.12 1.60 .855 .830 .755···All pasture · 2.81 2.56 2.42 2.37 1.98 .911 .861 .835·Milk cows · 1.33 1.33 1.31 1.28 1.24 1.000 .985 .969·Beef cattle · 15.74 13.02 12.71 14.67 11. 67 .827 .807 .796·Clover and timothy · 14.41 21. 90 9.45 14.45 9.38 1.520 .656 .649···Hay for silage · 13.16 13.06 12.91 11.95 11.68 .992 .981 .977·Cattle marketed · 163.0 111.5 100.3 159.3 97.0 .684 .615 .609·Soybeans 71.9 50.2 41.9 70.0 39.6 .698 .583 .566
Peas 113.3 96.3 87.5 129.7 82.9 .850 .772 .639

Stock sheep 137.8 112.6 109.4 137.8 109.3 .817 .794 .793
Spring wheat 484 451 219 476 214 .932 .452 .450
Potatoes · 784 535 405 775 391 .682 .516 .504·Snap beans · 1498 740 526 1496 524 .494 .351 .350· I

1
!
i

Y See appendix for explanations keyed to column numbers. !
I
.I

~
i
I

< ~
, . . I

- ~



Wisconsin State Farm Census - 1970

1;

Table 5 - Sample Allocation to Crop Reporting Districts for the Mean Estimator 1/
· · · Design· Allocations · Sample Allocations to Crop Reporting Districts ·· :Efficiency,· ProportionalItem · Meanto · 1 2 3 4 5 6 7 8 9· Estimator·(1) · (37) · (38) (38) (38) (38) (38) (38) (38) (18) (18) (39)· ··Nuaber of Faras : 106 110 58 151 95 149 134 141 57· ·· .-0..

Ciffi · 1.000 ?,-1P9pulation It••.Total · Q.!9, 56 172 95 120 159 133 50 ·: ·optiaua · 95 194 55 145 94 147 139 156 65 .996a ~· /' ·Alfalfa Ita Total : 81 37 52 183 73 187 189 145 o'-~ • 1.042· -(~¥" :Opt1Jauaa · 114 70 56 167 88 158 147 139 60 .981···All corn Itea Total · 51 38 33 138 79 144 168 257 91 .855·Optimum · 60 41 34 116 120 143 136 257 92 .830···All pasture Ita Total · 166 134 33 173 67 58 243 193 22 .911·Optimum · 146 113 40 155 121 60 225 109 31 .861·· ·· ·KUk Cows Ita Total · 98 117 55 150 67 170 146 147 51 1.000·Optimulll · 99 98 53 149 81 154 134 163 67 .985·· ·· ·Beef Cattle Item Total · 82 44 28 118 67 62 281 216 43 .827·Optimum · 73 50 36 155 73 82 243 236 54 .807·· ··
Clover and Item Total · 236 411 81 81 99 43 17 13 18 1.520

timothy Optimum · 151 148 65 365 81 78 48 31 32 .656···Hay for silage Item Total · 89 95 48 148 66 166 164 182 43 .992
Optimum 106 87 46 149 80 161 147 173 51 .981··

1/ See appendix for explanations keyed to column numbers.
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Wisconsin State Farm Census - 1970

Table 6.--Relative Variances Among Townships l/

, "':,

\Among Townships Within the State Among Townships Within qRD's c ,j
, ,1

i..
Item Mean .-Ratio '}olean Hean Ratio Mean

Estimator Estimator Estimator Estimator Estimator Estimator
EPS EPS PPS EPS EPS PPS

· ~-·(1) (~O) · (41) . (42) . (43) (44) . (45)· . '. ' .
Number of farms · 0.508·Fam1and · 0.516

~
·Population · 0.590 0.036 0.544 0.039 0.029· O. 0

Alfalfa : 0.987 0.356 0.267 0.181 0.226 0.170All Corn · 1.245 0.681 0.529 0.890 0.428 0.339·
:

All pasture 1.757 1.291 0.941 1.537 0.933 0.688Milk covs 0.841 0.211 0.161 0.772 0.200 0.151Beef cattle 2.079 1.668 1.208 . 1.630 1.204 0.953Clover and timothy : 4.184 4.031 3.024 3.183 2.033 1.508··Hay for silage · 1.543 0.931 0.659 1.421 0.893 0.662·Cattle marketed · 8.66 8.22 6.00 7.53 7.16 5.87·Soybeans · 10.05 9.83 7.83 8~60 8.12 6.72·Peas 9.56 8.94 9.49 8.25 7.73 10.18··Stock sheep 4.16 3.86 3.84 . 3.65 3.38 3.75Spring wheat 29.1 28.9 25.9 25.8 24.0 20.2 'Potatoes 36.1 36.4 51.5 34.8 34.3 43.2Snap beans 84.3 84.3 98.3 80.6 81.1 91.6··
II See appendix for explanations keyed to column numbers.



Wisconsin State Farm Census - 1970

Table 6A.--Design Efficiencies for the Township,As a Sampling Unit !/

Item

(1)

Farmland
Population
Alfalfa
All corn

All pasture
Milk cows
Beef cattle
Clover and timothy

Hay for silage
Cattle marketed
Soybeans
Peas

Stock sheep
Spring wheat
Potatoes
Snap beans

Average for all items
except farmland

··

··

··

Among Townships Within the State Among Townships Within CRD's

Mean Ratio Mean Mean Ratio ~ean
Estimator Estimator Estimator Estimator Estimator . EstimatorEPS EPS PPS EPS EPS PPS

:
(46) (47) (48) (49) (50) (51)
1.00 .16 1.00
1.00 .06 .05 1.00 .07 .051.00 .36 .27 1.00 .29 .221.00 .55 .42 1.00 .48 .38
1.00 .74 .54 1.00 .61 .451.00 .25 .19 1.00 .26 .201.00 .80 .58 1.00 ~74 .58
1.00 .96 .72 1.00 .64 .47
1.00 .60 .43 1.00 .63 .471.00 .95 .69 1.00 .95 .781.00 .98 .78 LOa .94 .781.00 .94 .99 1.00 .94 1.23
1.00 .93 .92 1.00 .93 1.031.00 .99 .89 1.00 .93 .781.00 1.01 1.43 1.00 .99 1.24
LOO 1.00 1.17 1.00 1.01 1.14

1.00 .74 .67 1.00 .69 .65

1/ See appendix for explanations keyed to column numbers.



~isconsin State Farm Census - 1970

Table 6B.--Vesign Efficiency of Stratification When the Township Is the Sampling Unit
and Design Efficiency of the Township As a Sampling Unit Compared to Individual Farms II

Item

(1)

Population
Alfalfa
Allcorn

All pasture
Milk cows
Beef cattIe
Clover and timothy

Hay for silage
Cattle marketed
Soybeans
Peas

Stock sheep
Spring wheat
Potatoes
Snap beans

Average for all items

;Design Efficiency of Stratification by CRD's~ Design Efficiency of the Township
No No :Stratification .Mean : Ratio Mean :Stratification:Stratification: by CRD'sEstimator : Estimator Estimator ~1ean Mean ~eanEPS EPS PPS · Estimator Estimator Estimator·· · · EPS PPS PPS· · ·· ·· ·(52) · (53) (54) · (55) (56) (57)· ·: ··.92 1.08 .97 91.1 4.6 4.5· .80 .64 .64 53.7 14.5 10.0·· .72 .63 .64 · 26.0 11.0 7.6· ··· .88 .72 .73 .• 40.2 21.5 17.0·,,92 .95 .94 43.6 8.3 7.9.78 .72 .79 · 9.0 5.2 4.2·.76 ..•50 .50 18.5 13.3 7.3

.92 .96 1.01 · 8.1 3.5 3.5.·.87 .87 .98 3.7 2.5 2.5.86 .83 .86 · 9.5 7.4 6.5·.86 .87 1.07 5.0 4.9 ~

.88 .88 .98 2.1 1.9" 1.9.89 .83 .78 4.1 3.7 2.9.96 .94 .84 · 3.2 4.5 3.8·.96 .96 .93 3.9 4.6 4.2

.86 .83 .84 ··
!I See appendix for explanations keyed to column numbers.
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APPENDIX A

Explanations of Tables

Numbers in parenthesis are keyed to columns in the tables. In the formula,

upper case letters refer to the population and lower case letters to a

sample.
(1) The items are listed in order of decreasi,ng percent reporting, column

(4), primarily because sampling variance and variability patterns are

closely related to percent reporting.

(2) This column shows State totals, table 1, and totals by CRP's, table

2. The data are totals as enumerated in the Wisconsin State Farm

Census for 1970 and are not official estimates.

(3) The term "farms reporting" denotes the number of farms having the item.

If Xi is the value of item X for the ith farm, then the number of

"farms reporting" this item is the number of farms having a value of

Xi greater than zero. All farms have some farmland so the numblar of

farms reporting farmland is the total number of farms. The number of

farms reporting population is less than the number of farms because

there are no farm families living on some farms.

(4) This column shows the number of farms reporting as a percent of all

farms. It is column (3) divided by the total number of farms 101,685

and expressed in percent.

(5) This is collUlIn(2) divided by the total number of farms.

The Atandard deviation is(7)

C01 umn (6) is column (2) divided by column (3).
:t (X· - X);1.

$)( -:= £:12> where Xi is the value

of the variable X for the ith farm and N is the total number of farms.--
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In table 1 the standard deviation measures the variation among all

,farms in the State. r.In tab1e-2 t:he standard deviation among farms

within each crop reporting district is shown. The last line for each

commodity in table 2 is for the whole State and is the same as the

(8)

data shown in table 1. ~ ;1
Sx '

Rela~ variance is "}'1" '. It is the variance, square
standard deviation, divided by the square of the average

of the

per farm.

A _

One may derive ,column (B) 'by taking the square of each entry in

column 7 and dividing by the square of the corresponding entry in

column (5).

(9) Relative variance for farms reporting is analogous to the relative

variance for all farms. It is the relative variance among farm~ in

a subset of· farma reporting. For example, for soybeans it is the

variance among the +,125 fa~s reporting soybeans d~vided by 30.72

which is the'square of the average number of acres of soybean$ on

the 4,125 farms.
(10) Design efficiency denotes the ratio of two variances for the purpose

•of showing 'the size of the variance for one method in comparison to

another. In table 1, column (10) 1s the ratio of the variance for

tl", ratio •• timat0r(1. ii.. ; ~ to the variance for the meanestimstor

Nx assuming simple random sampling, where x is the sample average for

the item, y is the sample averaRe for farmland, N is the total number

of farms, and~X'iB total farmland. In table 2 the comparison is made

for each Crop Reporting District.



3

(ll~ See figure 1 for a definition of Crop Reporting Districts. As can
.~

be scen to some extent from table 2, there is ~ub§tantial difference
---------------.--;:::>0

in agriculture between the northern and southern parts of the State •
...- ... , ..-.----- ..--- -_ ... --.- ----' ..-.-.-.------.-----.------.--- ...-----.......------(12) For simple random sampling the mean estimator is NX. For stratified-

random sampling the mean estima~or is Z Nil -%/, where Nh is the total

'number of farms in stratum hand xh is the sample average per farm for

stratum h.

(13)

(14)

For simple random sampling the ratio

stratified random sampling the ratio

rhere were four levels of geographic

estimstor is (2.Y4lr 1 F:
estimator is .:t. v. ~NI1;t ••

~ £Nh11r
stratification: . None, Crop

Reporting Districts, Counties. and Townships. There were 9 CRD's,

72 counties, and 1,462 townships. Table 3 presents average within

stratum variances which are app,l1cable for stratified random sampling

of individual farms when the sample is selfweighting. that is, ~llo-

where h denotes a stratum,

number of farms.
/f( ~ Nh' SiJ.

(:E.. X;)

8h2 is the variance within stratum h, and
~
5" X· •• State total of the..::.- ;.4

cated to strata in proportion to the total----
relative variances recorded in table 3 are V2 ~

Nh is the number of farms in stratum h.

N ••Z. Nj, the total number of farms in the State,

item. Jill ( _ ):L
IS XIt.i ,- Xh

2 .•~ .:;?,:;:II.!..---::.-.For th(~mean estimator, Sh • ---, Nit -I /
Nit ',!

.~ (Xh.J - RY';For thc ratio estimator, Sh2• ~..,lIl;,&,,__ "'''-'where
Nit -I

The



.r;' n····· __·'·c'·--r-'.~-· __··_,·.-

I

I i

y2 is the relative variance among individual farms within strata and

mflY be thought of as the variance for a sample of one farm even though

4

it is impossible to select a stratified random sample of one farm. The

variance for another ratio estimator 2' >1. :11 was also computed,
1h ,

where ~ is the total farmland in stratum h. Its variance was either

identical to or differed by a trivial amount from the variance of

(iy~.)2Nh ~i? •
. ~ Nh jlr

(15) See (ll~).

(l6) See (14).

(17) This column in table 3 is of interest in comparison with columns (8)

and (9). It shows what the relative variance for a mean estimator

would be if one had p-~porLionate representation between two strata:-----
farms reporting, and farms having none of the item. These two strata----------.
~iffer from item to item and no geographic stratification is assumed.

Hathematically, the mean estimator and its relative variance are

as follows:

The estimator if~

where Nr m number of farms reporting the item

Xr - average per farm reporting

No • number of farms not having the item

Xo - zero
The n~lative variance column (17) is

Rtrlltum of farms reporting.

where r refers to the

ExcepU ng rounding error, column (17) of table 3 can be der:l.vedby

~llv1d'lrlgthe cntries in column (9) of tahle 1 by the corresponding
- ---- --- --~----..

entricR III columu (4) of tobh 1.'
".;::;::::::--
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(18) ·See (14).
(19) ,'ser (14).
(20) See (14) •

(21) See (14).

(22) thru -r.36): These columns, table 3A, correspond to columns in table 3. 'J.

Table 3A shows design efficiencies for the mean estimator which are

obtained by dividing columns (8), (11), (15), (16), and (17) by
. 0column (8); and design efficiencies for the ratio estimator which

are obtained by dividing columns (18), (19), (20), and (21) by col-

umn (l~estimator had been more efficient. relative

to the can estimator, the reduction in variance due to stratification

probably would have beE!n quite different for the two estimators.

The relative variances

the proportion of the item

(31) This column shows the relative variances for stratified random sampling

and the mean estimator when the sample is allocated to Crop Reporting

Districts in proportion to the item total •
. ' I [ M'" .sa1

recorded are (:eX)" i. --71;-'h.jWhere Ph is

in stratum h. The allocation differs for every item. Table 5 shows-allocations assuming a sample of 1,000 farms, even though the variances

in table 4 are expressed on a unit basis and can be interpreted as

variances for A hypothetical sample of one farm.

(32) For the mean estimator and IlItratification by CRn' 8 the sampling variance

is a minimum when the sample is allocated so m h .:JJ(N",shwherenh is the

Ramp1e size for stratum h. The relative variance for this allocation is



recorded in column (32) •. It is

J • 1. 2-

[
.Nfl SJ,]In this case ~ X).;t. ~ FI,'

6

(33) .The optimum allocatioil f~r.the ratio estimator is analogous to the

optimum for the mean estimator. Simply substitute in (32) the values

of Sh2 for the ratio estimator~ Optimum allocations for the ratio

estimator are not shown in table 5 because they are very close to the

optimum allocations for the mean estimator.

(34) Column (34) is column (31) divided by column (11).

(35) Column (35) is column (32) divided by column (11).

(36) Column (36) is column (33) divided by column (19).

(37) This column shows the basis for allocation. See (31) and (32).

(38) For the various items and criteria for allocation, the columns

identified as (38) show sample sizes by CRn's (i.e. strata) for

a total sample size of~,OOO.
- -,

(39) The numbers in this column come from columns (34) and (3,5) of table

4. This I::.olumnfacilitates looking at differences in the sample

nllocations and observing the impact on sampling variance.

(40) EPS <.IenotcR"equal probability of selection. II Hence, the relative

vari.Eln(~(~A in this column are for an unstratified random sample of.---------
townships usln~ equal probability of selection and a mean estimator.

"- .._~.....•_-._---~.._-----
The mean estimator in this case is the average per township multiplied

by the total number of townships. Let T represent a township total
for onc of the items. The relative variance in column (40) is
VT2 M~ [:leT 'i')~· ?J - - }where M is t;he total number of townships and(~T M -/

~T is the State total for the item.
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Note from the formula for vT2 that the relative variances in

table 6 are expressed in terms of one township, that ia, the township

is the sampling unit and is enumerated completely. The average num-

ber of farms in a township is 69.5. The variances in table 6 must

be multiplied by 69.5 to express them on a per farm basis and to

make them comparable with the variances in tables 1, 2, 3, and 4.

(41) The specifications are the same as for (40) except that a ratio
~~estimator is used. There are two possible,ratio estimators: ~ ~

YL%
or L 2. 'd where N

Z.%
is the total number of farms in the State,

is the sample total,

n is the total number of farms in the sample. (Note that,
n is a random variable in this case.)

~y is the total farmland in the State, and

~'J is the total farmland in the sample.

TIle variances for these two estimators were very close to being the

same so only the relative variancea for N ~ are presented,

column (41).

(42) PPS denoteR "probability proportional to size." Size in this case

WIlS numhl~r of farms. For a sample of m townships selected with re-

plncenwnt, the mean estimator involves a weighted meRn. It is ~ ~...:£..
A"'&' P

when~ t iA tlw township total for a township in the sample and P 1s

of Relection. The Ic1ative variances recorded in

~ R..['*-~rlwhere i refers to township t

(:£ ~.) ~
the townshJ,.p total for an item, and Pi ••Ni where Ni equals the number

N

Its probabi.li ty

thtB column are T is

of farms in the ith township.
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To illustrate, the 26.0 for corn means, if a township is

(43), (44), and (45) These columns correspond, respectively, to columns

(40), (41), and (42). The only difference is that stratification
by CRn's is imposed.

(46) thru (51) These columns correspond to columns (40) thru (45) of table

6~ They show design efficiencies for alternative methods of estimation

and probabilities of selection. Columns (46), (47), and (48) are equal

to columns (40), (41), and (42) divided by column (40). Columns (49),

(50), and (51) are equal to columns (43), (44), and (45) divided by
column (43).

(52), (53), and (54) These columns show the design efficiency attributable to

stratification hy crop reporting districts. Column (52) is column

(43) divided by column (40); (53) is (44) divided by (41); and (54)

is (45) divided by (42). One of many comparisons of interest is the

comparison of columns (52), (53), and (54) with columns (23) and (28)

in table 3A.

(55) This column illustrates the loss of efficiency (or increase in sampling

variance) owing to variation in the size of township and intraclass

correlation when the sampling units are townships instead of individual

farms. The average township had 69.5 farms. Column (55) is 69.5 times

~E...t·_~.
Col. (8Y~u
uRed OR a 811mpling, that the number of farms must be 26 times larger

to hnvl' the same sampling error •

. (rj(» TIII.H column is 69.5 ~~i:~i~~.Selection of townships with probability

proflortional to number of farms has the effect of reducing the variation

among townships which is associated with variation in number of farms.

I.
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(57) This column is 69.5 g~i:~i~~.It is analogous to column (56). The
entries in column (57) tend to be less than the entries in column (56)

because stratification has a greater impact on the variation among

towriships'than on the variation among farms.

,9
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