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Sampling msy be defined as that method of gathering infore
mation about a specified population or universe wherehy the popula=-
tion is divided into a set of mutually exclusive and exhaustive units
and a subset of these units are selected to represent the whole popula=
tion, The significance of the word "area" in the title of this paper
is that the units into which the population has been divided are sresas
of land of a certain pre-determined size.

From the selected units information is then gathered in some
detail and expansion of this information is made up to the population
level with the hope that the information collected from the sampled sreas
is representstive of conditions occurring in the population, Since in
most populations the material about which information is required dis-
plays dissimilarities from one unit to the next, it is not the case
that conditions occurring in the population can be estimated with per=
fect accuracy by the expansions made from the sampling units., If there
were no dissimilarities among the units (e.g., a2 county contained only
one mapping unit), or if the material in our population were so thor-
oughly intermixed so that every unit contained the same amount of each
type of material found in the county then there would be no problem of
sample selection since one unit selected in any manner whatsoever,
would supply complete information about the whole population., The one
unit would be completely representative of soil and land characteristics
in the population.

As everyone here is aware, the material dealt with in the
Conservation Needs Inventory is neither similar throughout the popula-
tion (in our case a county) nor is it thoroughly intermixed, No matter

what size of unit the population is divided into, there will exist
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dissimilarities amongst the units so that nothing less than = 100%
sample of the populstion will be sble to estimate sll spil breskdowns
with complete accuracy., A sample can provide a relstively inexpensive
snd quick method of providing estimstes which will be sufficient for
estimating conservation needs although certainly not of sufficient
accuracy to mect the needs which a complete soil survey is expected to
fulfill,

The definition of sampling stated in part is that ",...a sub-
set of these units are selected to represent the whole population". How
this subset of units is to be selected is a crucial determinant of the
precision which can be achieved by our sample estimstes and much of the
mathemstical theory of sampling is concerncd with this question,

Certain methods of selection which st first appear to fill the bill,
such as deliberate selection of those units which in the opinion of an
expert appear to be representative, or the casual or haphszard selection
of units with no particular scheme or model in mind, can be shown (and
has been shown) to give samples having serious bizses in them. Any
sample where an individual's judgment is allowed to determine which
units shall be selected will consequently reflect the bisses of that
individusl's judgment, This is not to say, of courss, that expert
opinion and judgment is of no value in selecting a sample, It is just
that this judgment and experience should enter the sample survey at
other points than the final selection of units to be included in the
sample,

The simplest and only universal way of svoiding biases in the
selection process is the use of 2 method whercby every unit in the popu=-

lation has a known and independent probzbility of entering the sample
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snd each unit is drawn into the sample with this probability. In our
casc we can assume that all units in the populstion will be éssigncd
an equzsl probzability of being chosc, althcough in gencrsl this necd not
be the case. When a sample is sclected in sccordance to the szbove
scheme, the sample is said tc bc random. It is possible however, to put
restrictions upon the randomness of the sample without affocting the
validity of the selection. Such 2 restricted procedurs will be dis-
cussed shortly.

As an example of s probsbility sample, suppose we have a
county of 400,000 acres snd we wish to choose z 4% sample (16,000
ascres), and that we have decided to use & sampling unit of 100 acres
Ygiving a sample of 160 units). The procedure would be to divide our
county (by means of a grid, for instancs) into 4,000 units of 100-zcres
eachy, and assign each unit a probability of 1/4,000 of entering the
sample, Our next step would then be to choose 160 units from the 4,000,
any particulsr unit having 1 chance in 4,000 of being chosen before the
sclection begins, We could accomplish this sclection by first numbering
21l the units in any srbitrary fashion, then for cach numbcred unit
placing a ball containing the same number into an urn and mixing the
balls thoroughly, Next, 160 of these balls arec sclected from the urn,
and the units corresponding to the balls selected constitute the sample,

Fortunately, it is not necessary to go through this proccss
of drawing balls from the urn, since tables of random numbers generated
by electronic machines are available and it is merely necessary to
select 160 numbers between 1 and 4,000 from the tables to achieve a
random sample,

Whether or not s sample will give results which are suffi-
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cicntly representstive of the population depends upon whether or not
egrrors introduced by the sampling procedure are sufficiently smzll not
to invslidate the rcsults for the purposes for which they are desired,
Since the peopulation is composed of dissimilar units the sample cannot
be completely representative of the whole population., The errors occurr-
ing are termed random sampling errors., Their magnitude will depend
upon the size of the sarple, the variability of the materisl sampled,
the sampling procedure zdopted, and the methods used in calculating :
the results. Although variability of the materizl cannot be directly
controlled it can be counteracted by increzsed sample size, by use of
certain sampling procedurss, znd by certaln methcds of calculating the
results which utilize cutside information.

One great advantage of using a sampling procedure that is
random is the fact that estimates of the sampling error involved (snd
hence of the precision of the estimate) can be derived from the samplc
itself, Thus, we are in the position of not only having estimates of
the totals for the material in the population, but of also having some
idea ss to the precision of these estimates. We can use these estimates
of precision tc mske prebzbility statements zbocut the true vzlue we were
estimating. As zn example of this procedure, suppose our estimate of
soil separztion x frem a 4% sample for a psrticular county was 10y0Q00.
acres, and suppose the sampling error (in terms of the standard diviation
of the total) was 2,000 acres, then the chances are roughly 2 to 1 that
the true value lies between 8,000 and 12,000 acres, roughly 19 to 1
thet the true vzluc lies between 6,000 and 14,000 szcres and roughly 99
to 1 that it lies between 4,000 and 16,000 scres.

It must also bu statcd that the width of the intervsl within

which we expect the true population valuec to lie is also a function of
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the degree to which the results have to be broken down and results of
the same precision can be achieved by a far smaller semple when onc is
dealing with a large population then would be nccessary if détzailed
results for different parts of the population are required, Thus, while
a two percent sample might give adequate estimates of county totals,
it will nct providc estimatcs of the same precision for, say, a wster-
shed within the county. If estimates of the same fixed proccision are
desired for a smaller subsection of the total pcpulation, the sample
within thst subsection will have to be supplemented.

It has been shcwn both by means cf rathematical statistics
and by eupirical szmpling studies that the sampling errcr of an estimate
varies inversely as the square root of the sample size, Thus in the
exanmple cited zbove, if we desired to reduce the sampling errcr fron
2,000 acres to 1,000 acres, it would be necessary to quadruple the
sampling sizec, If we had have had a 4% sample of 160 units giving us
a sampling error of 2,000 acres it would take 640 sarpling units to
give us s sampling error of 1,000 acres, Obviously, we quickly reach
a peint where time and resources available 1limit the amount of reduc-
tion in sampling error thalt can be achieved by incressing the size of
the sample,

One cther method of decreasing sampling crrcr ( a much less
expensive way) is to usc the judgment of an expert to stratify the
population into horogencous sub-populations (called strata) from which
independent randem samples will be drawn, This cntrance of expert
judgment inte the sample selection does not cause any bias in the
estimste, and, while restricting the randorizsticn to the subpopulz-

tions, can achicve some reduction in sampling errcr. If the same pro-
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portion is sampled from each stratum, differences between strsta will
be climinated from the sampling errcr. Large reductions in sarpliug
error can be achieved only where the populaticn can be divided in such
a way that large differences in the quantitics we sre estimating cccur
between at lesst somc of the strata, It is plann<d to usec strata com=
poscd of small compact geographical areas of (in most cascs) 4900 scres
with the proviso that these strata boundaries be made to coincide with
land resource ares boundaries wherever the boundaries are deemed to
have rezl meaning as far as differences in conservation necds are con=-
cerned,

Besides tending to reduce szmpling crror, stratificaticn
‘also insures that the sample will be evenly distributed throughout
the whole county and that it is possible to get scparate estimates for
land resource aress falling within the county. This can be schicvaed
simply by combining estimstes for all those strzta falling within the
land rcsource srea.

It should be noted that it is nccessary to selcect 2t lesst
two sampling units from cach stratum in order to get z vslid cstimate
of sampling errcr, but, good zpproximations for sarpling crror can be
achisved even if only one sampling unit is located in cach stratunm.

One other method of reducing sampling error is the use of
outsidc informstion in calculstion of the estimates. Thus, in thcose
counties that have boen partislly surveyed (either in block mapping,
or in individual farm rapping) this information will be used in com-
piling cstimatces to help reduce sampling error,

Something should slso be said abcut the choice of the sampl-

ing unit to be used in the Nertheast, Both werc cheosen on the basis
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of information derived frorm a pilct study csrried out on three count-
ics; Livingston and Ticga in New York, and Frederick in Maryland;
in 211 of which there had previously been = ccmpleted soil survey.
The size of sampling unit chosed was that size which gave the highcst
precision for a fixed budget, This optimum size of unit depends both
upon the distribution of the particular soil scparaticn being esti=-
meted and the way in which various costs arise in the sampling, rapping,
and measuring processes. Thus it was necessary to determine a sampling
unit that would, msking specific assumptions about costs, yield an
optimun on the average,

While the choice of the sampling rate was z2n sdministrs-
tive decision in which desired precision had to be balanced agsinst
the manpower and funds availsble teo do the job, cstimates cf the
average prefision obtainsble with different sanpling rates,; along with
sonc ides of the relative cost of achieving thesc different rates
wcere obtained from the pilot study,

It was decided in the Northeast tc use s 100-zcre sampling
unit and to draw a 4% sarmple from cach county. In case it is not
possible tc complete the mapping of 2 4% sarmplc within the time set
out for cempletion of the field work and with the manpower zvailasble,
the samplc will be drawn in the form of two independent 2% sarples.,
Thus, if time and manpowcr mske it pessible to complete only a 2%
sanple, valid estimates of population quantitics along with cstinstes
cf the precision can be obtained from this samplc,

In crder to examine the zccuracy obtainable with a relatively
small sample, we shall look at the results obtained by using z 2 1/2%

sample of 4O-zcre units taken from Frederick and Tioga counties, The
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stratification used here was much cosrser than thst being used in
the survey itself, strata being 16,000 scres rather than 4,900 =cres.

There was also no attempt msBe to use land resource areas as z guide

to setting up strsta,



