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Some Effects of Sample Unit Location Procedures
on Washington Winter Wheat Objective Yield Estimates

General:

The final objective pre=harvest estimates of winter wheat yields for the
State of Washington were from 9.7 to 10.3 bushels higher than the Board estimates
in three (1965, 1967, and 1968) of the first four years that objective yield
estimates were made for that state. In the fourth year, 1966, the difference
was only 0.2 bushels. For the last 2 years, the differences were considerably
larger than could be explained by sampling error.

Table l.==Objective and Board final estimates of winter
wheat yields, bushels per acre, Washington, 1965-68

Year Board ObJective estimates Difference
final !

Yield | Sampling error

195 41.5 51.2 4.9 9.7
1966 ko.5 4o.7 2.k 0.2
1967 k2.0 51.7 2.4 9.7
1968 40.0 50.3 2.2 10.3

Background:

One theory offered to explain the differences given above involves the proe-
eedure used to locate sample units in sample fields. The location procedure
required the enumerators to locate the units by walking & randomly selected
number of paces, along the edge and into the rield, from the most accessible
corper. The unit location tables giving the random numbers was designed so
that units would fall randomly in a quarter of a 40 acre field, assuming an
average 36 inch pace. (In practice, most enumerators would have a shorter
pace so that the area which could be sampled would be somewhat less than ten
acres). In Washington, particularly in the Palouse area, a number of fields
are much larger than 40 acres. Some of these include steep hills and the road
pattern in these areas generally follows the valleys. HNence, most fields would
be spproached from the lower elevations. Sample units in these fields, using
the most accessible corner technique, would be located on the (presumably) more
productive lower slopes. Under these conditions, the plot selection procedure
could be respousible for much of the differences observed between the objective
and Board estimates of yleud.



This study was undertaken to evaluate tue validity of this theory using
information available for 1968 from various sources. The sample fields select-
ed in the 1968 winter wheat objective yield survey were classified by such
factors as sige of field, amount of change of elevation within the fields,
location of the starting cormer with respect to high and low elevations in the
flelds, and a comparison of farmer reported yield for the entire field with the
sanple estimates from objective yleld plots.

Distribution of Samples by Fields, by Segments, and by Sige of Field

The 1968 winter wheat objective sample consisted of 130 sauples selected
from the December 1967 and June 1968 Enumermtive Surveys. These 130 samples were
located in 100 fields and 88 area segments. In 85 of the selected fields one
sample was assigned. Two samples were assigned to 10 of the sample fields.

Five other filelds were assigned 4, 5, 5, 5, and 6 samples respectively.

Four segments were assigned 4 or more samples. Ome segment (2233) was
aseigned 16 samples, 12 percent of the state total. This is an excessive
number of samples for one segment for effective sampling even though the
assignment was unbiased. The fact that 12 of the 16 samples assigned to segment
2233 were drawn from the December Enumerative Survey indicates the sampling
procedure for the December Enumerative Survey tracts might be improved if a
similar situstion exists elsewhere.

In Washington, 23 of the 130 samples were loceted in fields that were less
than 80 acres in size. Fields in the Yl to 320 acre size category contained
83 samples. Six samples were in fields larger than one section {640 acres) in
size. See Table 2 for the size distribution of fields. HNence, the location
procedure used for laying out sample units would, in theory, reach the center of
very few fields.

Distribution of Samples by Variation in Elevation Within the Field

Geological survey contour maps, scaled of one inch to the mile (15 minute
quadrangles) or 2 5/8 inches to the mile (7 1/2 minute quadrangles), were
available for 62 of the segments having winter wheat samples. Boundaries for
these segments and the 92 sample fields were transferred to the geological survey
contour maps from contact prints. The amount of change in elevation in the
individual fields was determined by inspection of the contour lines on these maps.

The other 38 samples, for which the geological survey contour maps were not
availeble, werc classified as being in one of four different categories on the
basis of terrain features observed from contact prints. The four categories were
(1) woderately flat, (2) rolling, (3) moderately rough and (4) rough. The
intent was to classify these sample fields in broad categories by variation in
elevation as follows:



Yariation in Elevation Classification of Terrain
50 feet or less moderately level
51 to 200 rolling
201 to 40O moderately rough
401 or more rough

Table 2.--~Distribution of winter wheat samples by size of field and change in
elevation, Washington, 1968

Change in ; Size of field in acres .
elevation : 80 or : Ol to : 16l to : 321 to : More than : Total
¢  less : 160 : 320 @ 6o : 6o l/ i
Feet : Number Rumber Number Fumber Mumber : Number
20 or less : L 5 2 i 11
2l to 50 ; b 5 5 1 z 15
51 to 100 ; b 2 4 ; 10
101 to 150 5 L 13 1 23
151 to 200 3 6 1 . 10
201 to 300 ; 2 1 5 3 1 : 12
301 to 40O 1 1 2 b
401 to 500 ; 1 ; 1
More them 5 2/ 1 . 6
500 .
Sub-total | 19 21 36 12 4 Do
Elevation " 15 11 6 0 38
Total 23 3% b7 18 6 . 130

;/ Individual fields in this sime group contained, TT7, 1430, 84k, Th9, 650,
apd 660 acres respectively.

2/ Only one field in this group (with S samples) had a total change of elevatiocn
of 550 feet.




Table 3.~=Distribution of samples by size of field and classification of terrain,
Washington, 1968

Perrain ; Acres in field .
classification : S0 or : 8l to : 16l te : 321 to : More than : Total
less : 160 : 320 : 640 : 640 :
: Number Number Kumber Number Number - Number
Moderately : 8 1k 7T 2 - 31
flat : :
Kolling : 10 1 25 2 -- ;L8
Moderately ; ;
Rough : 5 10 14 T 2 . 33
Rough P - -- -- 6 3 .9
Total . 23 351 w1/ 171/ 51/ . 126

;/ One sample not classified since contact prints were not available.

Table 3 gives the distribution of sample fields by size and terrsin classi-
fication. Almost a fourth of the samples were located in fields which were
classified as being moderately flat (variation in elevation of less than S0 feet).
It seems unlikely that the productivity of the sample areas (those closer to
the border at the most accessible corner) of these fields would be much different
from the productivity of the interior of such fields. Another 4 samples, 38
percent of the total, were located in fields which were classified as "rolling"
(variation in elevation of 51 to 200 feet). There is a definite potential for
"location bias" both in these fields srd in the 47 samples assigned to fields
with even greater variation in elevation (201 to 600 feet).

Portion of Field Located Below the Starting Corner

Tae probable starting corner was determined by examipation of the county
road maps, contact prints, and geological survey maps. Areas of the field between
the contour lines were planimetered to determine the proportion of the field
located below the starting cornmer for 92 samples. For 34 additional samples, the
approximate prorortion of the field below the lewvel of the sampled area was
determined by inspection of 1/16000 scale aerial photographs of the sample fields.
Data from this analysis is summarized in Tables 4, 5, and 6.



Table 4.--Number of wheat samples by proportimn of field below starting corner
and by classification of terrain, Washington, 1968

Proportion of ; Classification of Terrain
field below : Moderately : : Moderately : :
starting corner level : Rolling : rough : Rough : Total
“Percent i Number : Number : Famber Number ; Number
0= 5 ; 2 16 15 1 2 3h
6=15 i 1 b L 2 ; 1
16-25 : 6 3 9
2635 : 3 2 s
36-h5 : T 3 1 11
b6-55 16 3 7 3 29
56-65 ; 1 2 3
66-75 i 3 1 1 5
76-85 : 3 2 .5
86~95 > 3 1 2 11
96-100 : 3 : 3
A1l ; 31 18 38 9 . 206

There was a definite tendency for the sample starting corners to be
located 1n the lower regions of fields classified as rolling, moderately rough
or rough. About one third of the starting saxple corners in these classifications
were located in the lower five percent of the field. Almost one half were found
in the lower fourth of these fields.

The material in Tables 5 and 6 further jllustrate the tendency of starting
sample corners to have been located in lower portions of those fields classified
as being at least "rolling" or having a maximum change of elevation within the
field of at least 50 feet. Aside from the tendency of larger fields to have a
greater total change in elevation within the field, there appears to be no
appreciable relationship between field sizes apd the relative elevation of the
starting corner.
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Table 5.--Average proportion (p) of wheat obJective yield sample fields below

the leval of sampled areas, by size of field =zuxi oy amount of change in ele-

vation within the field (92 samples for which geological survey maps were
available), Washington, 1968

Change in Sige of field (Acres)

elevation : S or : Ol to : 161 to : 321 to : More than : Total
(feet) : less : 160 : 320 : 640 6o 1/ -

2 p »n 2 2 LN 2 2 p
20 or less ; L 42 5 .55 z .58 - ——- - ee- ; 11 .51
21 to 50 L .51 5 .90 5 .60 1 .73 - em- ; 15 .68
51 to 100 h .2b 2 .06 Lo.26 - m—— - - 10 .22
W01 t0 150 :5 .27 kb .30 13 .31 1 .60 - aw- . 23 .32
151 to 200 ; - === 3 .00 6 .35 1 .59 - a-- ; 10 .27
201 to 300 ; 2 .50 1 .06 5 .1k 3 .15 1 .05 ; 12 .19
301 to 400 ; v === 1 .00 1 .00 - - 2 .3k - 17
More than ; - - - me- - ea= 1 .62 - - ; 1 .54

koo : :

Total 19 .37 21 M 36 .33 T % 3 2k o2 .38

Table 6.--Average proportion of wheat obJective yleld sample fields below the
level of sampled arees, by size of field and by type of terrain (126 samples),
Washington, 1963

Size of field (Acres)

T of s :
torrain . Boor : Blic : 16l to ¢ 2L to ¢ More than . Total

. less 160 320 640 640 :

:n P n 2 Ll 4 2 2 2 2 2 D
Moderately : :
level : 5 k6 13 .67 g .58 2 .62 m—————— T 31 .59
Rolling 210 .23 11 .25 25 .33 2 .60 ——————— ¢ 48 .30
Moderately : :
rough : 5 ko 9 .35 1% .21 7 .12 3 .2k . 38 Loy
Rougn { mmma mmmmee emenee 6 .60 3 .07 : & .3k
Total 21 .35 33 LM W7 b 17kl 6 .16 126 .3




Comparison of Final Objective Yield Estimates with Farmers Reported Yields

The average ylelds reported for a sub-sample of fields by farm operators as
part of the Form D post-harvest interview was compared with the final obJective
vield estimates for these same fields. These were not expected to agree exactly
since the oblJective yield estimates from sample plots are not designed to provide
field estimates., However, samples showing large differences between the two yield
estimates were examined to determine if the location of the starting cormer could
have been 8 contributing factor.

Compsrable yield estimates were availasble for 38 samples. The average Form
D yield was 5.6 bushelis beiow the average of the objective yield estimates Tor
the same samples. A test of significance for copsistent difference resulted in
a t value of 1.89, approaching, but not quite significant at the five percent
level of prooability.

A regression analysis of the Form D yields upon the comparsable Form B
objective estimates ylelded the regression equation ¥ = 9.9881 + .9008X where X
is the reported yleld for sampled field, and Y is an estimate of what the objJective
yield estimate would be under condi t.mns of perfect r~orrelation. The actual
correlation (r = .68) was significently Jarge at the oane percent level. The
computed intercept and regression coefficient then would reflect a general
tendency for the farmers reported ylelds to be lower than the objective yield
estimates for the same fields. This tepdency would decrease as the two yield
levels increase, vanishing at & yield level of about 100 bushels.

2
In linear regression, the gquantity & describes the amount of variation of
the actual Y values sbout the coumputed regression line. ¥For a ziven value of
X=X 2

xxi,oyx iscomputedassy [+-—+ P ,wheren,x,Sx and S

y.x
x
relate to the data from which the parameters 8 and b of the regression equation
were computed. A
T-71
Further, the quantities V , the standardiged devistion from the
y x

regression line, should be distributed normally with unlit variance and mean gero.
The actual standardized devistions plotted in Figure 1 show that they have a
median value of =0.25 bushels and that the clustering about the median is much
tighter than would be expected if they were distributed normelly.

Figure 1l.~-Standardized deviations of actual objective yield estimstes from
the Regression line
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If +he distribution of these Jeviations was trualy mormal, we would expect
that 16 (about 42 percent) of the observed standardized deviations would have
an absolute value of at least 0.8. For 38 paired nhservations, the probability
that only five standardized deviatiocus would exceed & value of 0.8 is less than
1 percent. The fact that four of these five deviations are considerably larger
than 0.8 implies that they were takXen from different populatioms. “This could
happen if there was s large amount of variastion in yleld within the field and
the area sampled for the objective estimate was in an extreme area.

The two most extreme values came from samples 14 and 35, moderstely rough
r rough fields, where the sample ares was located in the lower gqusrter of the
field. The next two most sxtrems values (one wositive and one negative) were
from moderately level fieids where the sampie was taken in the upper fourth of
the field. The hypothesis suggested by this snalysis is that extreme differences
in yields can be zssoclated with pleots located ia the lower porticn of rough
terrain type fields.

Table T.=-Chnaracteristics of ssapies with large deviations from the cumputed
regression linme, Washington, 1968

;| Parmer : Dbjective s : : : : Proportion
Ssumple @ reported : yield *Yy=a: ¥, ~Y¥; : Size : Type : of field
number :  yleld : estimate ¢ & bxi H 3 : of : of : below
o (%y) : (Ii) : : v.x : field : terrain : starting
: T : : : : t corner
: Bushels Bushels Busb=ls Pushels Acres Percent
FUS 63.3 129.8 67.0 3.23 174.6  Moderately 25
: rough
35 : 4.0 115.4% 51.4 3.33 650 Rough 10
8 . 6i.1l 101.5 5.0 1.563 30 Moderately 90
: level
113 8C.0 LY. 951 32.1 -1.89 155 Moderately 75
: level
125 40.0 66.0 6.0 1.0k 112.2 Unknown .

comparison ¢r Objective Yield Avervges with Board Estimates by Counties

If the semple layoul deoes cause samole units ©o be located in the more pro-
ductive areas of the flelds with rariable elevations, then we might expect the
agerage of the objective yield sample esiimates to be considerably higher than
the true couaty sverage where s relatively large proportion of the sample fields
wouid oo ciassified as “"rough" or "moderstely rough®. Using the Board‘s 1968
county estimetes as & yardstick, (Watle 8), we find the greatest differences
betwsen toe obJeciive yield and Boaxd estimoted yields for major counties occur
i Beaton, Franklin, and Lincoln Counties. Five of the nine samples in Benton
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Table §.-~--Comparison of objective yield estimstes and sample allocation with
board estimates by countries, 1968

Acres Objective yield samples Indicated Yields
County : in : : Classified as : : :
: County : *"otali : Rough : Moderately : Objective : Board : Ratic

: : Rough :

; (000) : (Number) :(Number). (Mummber) :  {bu.) (bu.) : {bu Y

Whiuman : Lh52.6 ¢ 20 -

3 . 52,7 3.0 1.10

Adams : . s 17 .- 3 . 37.2 35.0 RS
Lincoln Z 3834 i 19 2 8 ; 5.2 41.0 1.ke
Walla Walla : 242.5 i 6 1 1 . 35.7 38.0 Lo
Grant , 212.3 : 9 - 2 . 59.8 Ws.s  1.23
Dougias : 204 .4 i 9 -~ 6 ; 38,8 30.4 1.28
Benton : 143.0 ; 0 5 - © o3kl 16.0  2.13
Franklin = : 132.3 20 1 - L o2l 8.5  1.61
Spokane  : 1231.0 : b - 1 :39.9 W.0 .83
Columbiana ; 90.6 i 4 - 3 ; 58.2 .o 1.27
Gerfield ; 8.4 ; i - n § 53.5 Iy .0 1.22
Klickatat : 65.2 ; 3 - - i k0.9 32.0 1.2
Yakima ; §1.4 ; 3 - 1 1002 42.0 2.38
Asotin : 32,2 : 1 - -- i 50.9 2.5 1.2
tevens ; 19.2 ; 1 - -—— : gr.2 3.0 2.26
Other ; 25.3 ; 0 an - : S * ————

.
.
es Joe s

Total ; 2655.0 ; 130 < 32 . 50.5 k.0 1.2




county were in a single field which was classified as rough, with an actual
change in elevation in excess of 500 feet. It so happened that all but one of
the starting corners of this field would have becu located on comparatively
level ridge tops. The objective yield estimate for Franklin county was ine-
fluenced by that sixteen samples assigned to segment 2233, This segment 135 in
an area which was designated as rangeland in the sampling frame but where the
land use has now changed to irrigated wheat. This segment has very high ylelds
and accounts for possibly 2 to 3 bushels of the difference between the objective
yield estimate for the State and the Board estimate. Ten of the nineteen samples
in Lincoln county were in fields classified as being at least moderately rough.
None of the samples were located in the upper half of the field. The objective
vield average (53.8 bushels) of these 10 samples was only 4.2 bushels less than
the 38.0 average for all samples for the county.

Summagx

There has been a definite tendency for samples 1n flelds with stveep slopes
to be located in sither the lower or upper, generally lower, portious of the
fields. To the extent that tihe lower portions of such fields are more fertile,
retain more moisture, and are less subject to wind damsge, this could lead to:

(1) Overestimation of the average number of heads per acre for the field.
(2) Overestimation of the average weight of grain per head for ihe field.

To measure the effect, if any, of these factors would require a special
validation type survey, making final pie-harvest and vost-harvest observations
in two sets of sample units in & awnber of fields. One set would be located
using the sample allocation used in Washington prior to 1969 (and still used by
all other wheat states). The second set of units would be instituted for
Washingiton starting with the 1969 crop season. Comparison of the paired sets
of yleld components obtained using the twc methods of sample location would
indicate the effect of the previous procedure.
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