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In order to outline in detail the estimation procedures to be used in 

the Conservation Needs Inventory we will distinguish between the three 

following situations in which we might find ourselves with respect to avail-

able data. 

1. No previous mapping and measurement has been carried out in the 

county and county estimates are to ·ue ;ierived from the sample data alone. 

2, Some prr:v:i,ous mapping and measurement has been carried out in the 
~ . ' ' . . 

county and conforms to pres en~ s.oils mapping standards so that it can be 

used in cqnjunction with the 9:ample data to form estimates of the county 
. . :·.1. 

totals. In this case we.can further distinguish as to the manner in which 

the previous mapping has been:parried out: 

(a) Mapping and measurement has been completed for large contiguous 

blocks of land as a portion of a complete mapping program for 

that county. 

(b) Mapping and meas~ement have been carried out on individual and 

perhaps relatively is.olated farms as a part of farm planning 

activities of the SCS .or other activities. 

(c) In many counties a combination of mapping described in (a) and (b) 

will occur. 

3· The county has been comple~ely mapped and measured, the soils 

mapping being deemed satisfactory for tbe purposes of the Conservation Needs 
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study. It is des ired to measure changes in land use vrhich have occurred up 

to present and to relate changes in land use to various soila grouping, e.g. 

land capability units. 

In none of the cases as outlined in section 2 can the land areas upon 

vrhich the mapping and measurement has been carried out be considered as 

having been selected in a random fashion from the county as a whole. In 

case 2(a) whole sections of a county are liable to be as yet completely 

unmapped while other sections are comp::'.etE::J..y mapped and measured. In 

case 2(b) there is probably a general tendency to map soils on that land 

>·Thich is, or may become, of agricultural importance. Farmers who request 

that their farms be mapped likely form a sample with land and conservation 

practices superior to that found in the county as a ¥Thole o ThUG in either 

of these cases or in the ccrabination mentioned in 2(c) there are liable to 

be unknown biases present in the data which would preclude their use as 

estimates taken alone. 

He will deal first with the simpler case mentioned in (1). It will 

be recalled that the sample scheme (described in BU-86-M) is a stratified 

random sample of land areas, each county (or in many cases, land resource 

area) independently stratified. Though two sampling units were dravm from 

each stratum, only one will be mapped and measured at present. 

If X represents a particular soil separation being measured, an 
,. 

estimate X of the county total of X is give~ as follows: 

,. k 
X = .E N.X1 

1=1 J. 
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vrhere X. is the amount of soil separation X found in the selected sampling 
1 

unit in the ith stratum, N. is the number of 100 acre units in the ith 
1 

stratum, and k is the number of strata into which the county is divided. 

Since stratification is a somewhat inexact process of division 

especially at county or L.R.A. boundaries and where some bodies of water 

and certain ownership classes are to be excluded from within some of the 
k 

strata, the total for all strata N = 100 ~ N. will not equal the total land 
i=l l. 

area of the county as given in the 1954 Census of Agriculture. To adjust 
... 

for this discrepancy we will multiply the estimate X by the ratio N0/N 

where N0 is the total land area of the county given by the 1954 Census of 

Agriculture after appropriate land and. water areas have been excluded. 

Thus, we define a new estimate of X which expands to the approximate 

total as: 
N0 k 

X' = -N ~ N.X . 
. 1 l. 1 1= 

... 
If it is desired to compute an estimate of the variance of X from 

the sample this can be done by grouping strata (usually contiguous pairs) 

vrhich are similar with respect to the soil separation in question. The 

estimated variance is then calculated as a weighted sum of squared dif-

ferences between the X values of the paired strata. 

where 

Thus the estimated variance of X is given by: 

G 
= ~ 
g=l 

, 
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Ngh = 

Ng = 
L = g 
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xgh = 

" ./).. = g 

number of 

"' 2 
"'X: 

g 

groups of 
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strata in thE: C<JUnty, 

size of hth stratum in the g t.h gruup, 

th Lg 
size of the g group = 2: N h , 

h=l g 
number of strata in the gth group, 

th 
number of sampling units in the g group, 

sample total for X from the hth stratum, in the 

th Lg 
sample total for X in the g group = I: X gh • 

g=l 

th g group, 

The estimate of the variance of X1 is then simply given as: 

N 2 
0 ~>.2 - -~ ~ - ::1.;;; "'x • 

Of the three situations that present themselves in case 2 the first 

situation outlined 2(a) is probably the easiest to handle in using a com-

binntion of pre-vious data in conjunction 'I<Ti th the sample estimates. Where 

soils mapping has been carried out :Ln large contiguous blocks it is usually 

possible to approximate the total ro·ea of a single block by a grouping of 

strata. Thus it is possible to regard the results from the block mapping 

as representing complete measurement of certain groups of strata. Suppose 

of the k strata in the county we may regar·d k1 of these, by virtue of their 

approximate coincidence with the previously mapped blocks, as being com-

pletely measured. The (uncorrected) estimate of X from a sample of ni units 
~ A k ~ 

from the i strata (i=l,•••,k) is given by X= I: ~X .• For the k1 i=l ~ ~ 

strata completely mapped and measured ~e have n. = N. and for the remain-
~ ~ 

ing k - k1 strata lve have ni = 1. Thuo the estimate reduces to: 

•• 



.. 

.... kl 
X = .E X. 

l. 
i=l 

k 
+ E N.X . 
.. -.l.l. 
l.=.Kl + .... 

kl 
-vrhere E X. 

i=l l. 
is just the total from those large blocks of land completely 

k· 
mapped and measured and E N.Xi is the sample total for the remaining 

i=kl+l l. 

k-k1 strata. 

The variance of this estimate then reduces to: 

s 2 = 
X 

G' 
.E N 

g=l g 

(N -n ) g_ g 

ng 
" 2 "x g 

where all terms are as previously defined except that G' = the number of 

groups of strata in the k~k1 remaining strata. 
kl 

There is no variance associated with the term .E X. since measure
i=l l. 

ment has been carried out on all sampling units within each of these k1 

strata. 

Hhere th~ mappip.g is not com:t.Jlete in blocks, but 'is scattered through-

out the county as described in 2(b) above, the question arises as to the 

advisability of using information tabulated from this sort of survey, even 

though it represents a large portion of the county. Further examination 

of this situation may yield some useful information. 

The me.an square error from expansion of such tabulated information to 
,.. .... 

estimates of county totals would be E(XB-X) 2 where XB is the biased estimate 

and X is the population characteristic that is being estimated, If "tTe 

assume the model to be 

then 
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A 

M.S.E(~) = crB2 + B2 

vrh..;re eB is the random error associated with the estimate XB from the sample 

of size ~· 

B is the bias associated with the estimate XB from the non-random 

sample of size ~· 

If we assume the model for the random estimate to be 

then 

where eR __ is: the random error associated with the estimate~ from a. sample 

of size IJ:l• 

If we were to use some linear combination of totals estimated from the 

2% ra.~dom sample and from the large non-random survey for our final estimate, 
A ... A 

so that XF = YR + "-nXB , how could we choose A 'o so as to minimize the 

effect of both bias and variance? 

A ... ... 

XF-X=\(~-X)+-\{XB-X) , if "-R+~=l • 

'· 
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rifferentiating with respect to AR' 

dMSE [ 2 2 "' ·"': J [ 2 · "' "' 2 J ~ = 2>-.R aR +oB -2 Cov.(~,XB) +2 -aB + Cov.(XR,XB)•B , 

Setting this equal to zero to minimize MSE1 and solving, 

A 
n 

,. "' 
aR 2-cov • (XR,~CB) 

= aR 2+aB 2-i,B2 ... 2 C~v • (Q:RJXB) 

Thus, when aB2 = aR2' and B2 = 01 ~ =AB; and the larger the B2 term, 

the larger AR. Also, if B2 = 01 but aB2 ~· aR2 ' AR decreases as aR2 in-... 
creases. If aR 2 > aB 2 . + B2 1 \ ~ ~. 

In order to examine this relationship further, we must make some 

assumptions about aR 2 and aB2 • :•If N is the number of units in the popu

lation, ~ the number in the random sample and ~ the number iiJ. the biased 

sample, then.let us assume 

that 

and 

Then 

0' 2 
R 

0' 2 
B 

a 2 /a 2 
R B 

N ... ~ 
=N-

N-~ 
=-r 

s2 -
~ 

s2 --
~ 

Consequantly, the ratio of the variances depends upon the ratio of the 

sizes of the samples. The following table shows values computed for )..R. 



The size of the non-random sample is var~.ed from lo% to 80% a.nd the bias, 

from 0 to 4aR2 • ,• 

This table illustrates the dominance of the bias in affecting the 

values of ~· However, one other item is worthy of attention: even 

thcugh we assume a bias of 4aR 2 in the non-random s~ple, apparently vre 

can still use that information to impr9ve our entimates, by weighting the 

random estimate by approximately 4/5 and the non-random by approximately 1/5. 

Values of "-R 

Size of Bias (B2) 
Size of 

1 2 Samples o· 0' 2 2o 2 )o 2 4a 2 
~R p R R R .. 

2cp - 100/o .16 .41 .)4 .69 .76 -79 
2'/o - 200/o .o8 .)7 .';2 .68 ·75 .78 
2% - )CJ{o .05 .)5 o51 .67 .75 .78 

2% - 40% .Oj 4)4 .. 51 .67 .75 "78 
2% - 5\Jfo .02 .)4 .so .67 .75 .78 
2% - 6ocfo .01 .34 .50 .67 .75 .78 
2% - 7r:Jfo .01 .)4 .50 .67 -75 .. 78 
2~ - 8c:f'/o .005 .)4 .so .67 .75 .78 

The unanswered question, of course, is how to determine or attempt to 

estimate B2 • This will vary for each characteristic to be estimated. 

Attempts are being made to verify empirically some assumptions which relate 

the size and direction of the bias to certain groupings of soil separations 

(land capability units). These results will be reported at a later date. 

In those counties for which a previously completed survey exists and 

for which the soils mapping completed iG usabl~ as outlined ·in 3 above, 
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land use will be checked on the 2% sample to determine whether there are 

any trends in land use changes. Three estimates will be available for land 

use: the estimate for the population at time A, the estimate from the 2% 

sar,lple at time A, and the estimate from the 2% sample at time B (present 

time). It is required to determine whether the sample es-timate determined 

at time B differs from the population estimate at time A. 

Let yi be the acreage of land use F (say) on unit i at time B. 

Let xi be the acreage of land use F (say) on unit i at time A. 

Let X be the acreage of land use F in the population at time A. 

\'lith simple stratified sampling the ratio estimate for Y would be 

where y and x are the sample totals of y. and x., i.e. y = ~ N;Y; , 
~ ~ . . . 

A ~ 

x = ~ N.xi • A combined estimate for the variance of YR is 
i ~ 

where S 2 is an estimate 
yi 

n· 
1 ~ ( - )2 = n1-1 .~1 Yij-yi 

J= 

of the variance of yin the ith stratum 

n· 
~ ( - )"' ~ x .. -x.. ~ 

. 1 ~J ~ J= 
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vT:nere there is some correlation between previous land use and present 

land use, gains in the precision with which land use is estimated can be 

An approximate test of significance for changes in land use is given · 

by: 

K 
where t is assumed to have Student's t distribution with t (n1-l)=n-K. 

i=l 

For (n-K) large; say greater than 50, normal tables may be used. 

•'• 


