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1. BACKGROUND

A new stratification of the U.S. Great Plains (USHP) was developed for use in
the Transition Year (TY) sample design. This stratification, based on soil,
climate, and agricultural characteristics, was considered more efficient than
stratification based entirely on political subdivisions.

Soil characteristics were obtained from soil maps (refs. 1 and 2), and

monthly average temperature and precipitation data obtained from the World
Meteorological Organization were used to achieve the_cTimdto]ogica] classifi-
cation of the area, The USGP was stratified into 27 égrophysicé] units (APU's)
as shown in figure 1. Agriculture and nonagriculture areas for each APU ware
delineated, using full-frame color infrared images. Segments containing

5 percent or less .agricultural area were defined as nonagr1cu1ture areas and
were excluded from the samp11ng frame, -

As the APU's*are general]y larger than Crop Reporting Districts, the new strata
‘can be. expected to be much less homogeneous than the counties which formed

the basis of optimum sample allocation during Large Area Crop Inventory Experi-
ment (LACIE) Phases I, II, and III., The questions of the extent to which
strata homogeheity has been reduced and what benafits are derived from the:
'_new'stratification approach thus arise. Besides leading to a natural strat-
1fication,'the new approach is uﬁiform]y appiicable in all countries and may
provide a solution to the problem of optimum sample. allocation in countries
with no historical data at a lower political subdivision level,

The strati®ication was made more efficient for sampling by considering the
new set of strata obtained by the intersection of APU's with bo]iticaT sub-
divisions in the country. As the state represents.the size of a political
subdivision for which historical crop information is Tikely to be available
in a foreign country, the state was the political subdivision Jevel consid~
ered for intersection with APU's in the USGP. The strata obtained by this



Figure 1. APU stratification of USGP.
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intersection were called refined strata and were assumed to be as homogeneous
as the APU's containing them.

Sampie allocation in the USGP was made first at the APU level, using Neyman's
optimum allocation procedure (ref. 3), and then for the refined strata within
an APU, using pronortional allocation based on the size of the agricultural

‘area, The APU agriculture density with respect to the sampling unit (a 5~ by

6-nautical-mile-area segment) was used to estimate the within-APU variances
for wheat or small grains and the historical wheat acreages for the APU's;
both types of information were required to perform the sample allocation for
the APU's. The historical wheat acreages for the APU's were obtained by
aggregating such acreages for the refined strata, which were estimated by
apportioning the state historical wheat acreage to its refined strata on the
basis of agricultural size, The sample allocation was made to achievé a
specified precision for the wheat production estimate with cost minimized.
The procedure required input for APU yields and their 1ikely prediction errovs
to determine the total sample size and its distribution for the APU's, The
yield information was assessed in terms of potentia]'yield and a somewhat

ad hoc procedure based on soil suitability for wheat and climate was used to
generate the data needed {ref. 4). Further details on the stratification,

- sample allocation, and acreage estimation procedures are avaiiable in

reference 5.

An evaluation of the homogeneity of'cértain APU's in the'USGP is reported in

" reference 6. This evaluation'was made .using the historica1 county data; it |

was conciuded that APU's were generally not homogeneous with respect to

wheat density. Apportionment was evaluated in this report and it was observed
that although the apportioned estimate of refined strata historical wheat is
not reliable, it has little effect by jtself on the accuracy of the wheat

—acreage and production estimates. This conclusion and others stated in ref—

erence 6 reflect negatively on the new stratification as well as on the sample
design, but as the evaluations conducted and discussed in this reference
corréSponded'toron1y a part of the USGP, they cannot be regarded as. conclusive
for the entire USGP. ‘



This memorandum reports an evaluation of the TY-sample design as developed
for the entire USGP. This evaluation was carried out using the LACIE
Phase IIl segment estimates, blind site data, and historical information.



2, EVALUATION STUDIES

Agriculture density played a major role in the development of TY-sample
design, It was assumed that wheat acreage was uniformly distributed over the
agricultural area in an APU and in a state. Accordingly, if an APU was
agriculturally homogeneous, it was considered homogeneous with respect to
wheat. Also, the historical wheat acreages for refined strata in a state
could be determined from the state historical wheat by apportioning the

state wheat figure by the ratio of agricultural areas of the refined sfrata
of that of the state. It is therefore important to evaluate both the strati-
fication and the sample allocation for the APU homogeneity and efficiency in
sampling for wheat acreage estimation in the USGP.

In this report, APU homogeneity is evaluated by assessing (1) Are the within-
refined-strata variances for each APU the same? and, if so, (2) Are the
refined strata means equal? _The‘wheat acreage propdrt{on or percentage,
rather than wheat acreage in a segment, is considered as a variable in this
discussion, The Bartlett test of homogeneity (ref. 7) is used to answer the
first question and Fisher's F-test (ref. 7) is used to answer the second
question, regardihg each APU containing two or more refined strata.'
 The xz—approximatjon is considered for the distribution of the Bartlett test
statistic (ref. 7). The test is first made for the homogeneity of strata
variances; if homogeneity is not confirmed, no further test is performed and
the APU is regarded as hetekogeneous.' On the other hahd, if there is no
indication of heterogeneity, the F-test is conducted to assess the signif-
jcance of the difference between refined strata means. APU's showing a sig-
_nificant difference between strata variances and/or weans are regarded as
nonhomogeneous. N a " ' -

The TY-sample aliocation was based upon several assumptions and for it to be
considered optimum, these assumptions must be satisified. In addition, input
data in the allocation formula can make a significant difference if such data



contain many inaccuracies and errors., This could easily happen for the TY-
sample allocation because of the type of procedures used in generating data
for the sampling frame, the strata variances, historical acreages, and yield
potentials. Aithough all these issues should be addressed, at present the
sample allocation i: evaluated by considering a different {and hopefully more
reliable) set of strata variances and historical acreages. The Classifica-
tion And Mensuration Subsystem (CAMS) estimates of segment wheat proportions
obtained during LACIE Phase III provide a data set of much better quality than
those from Phase II used for TY-sample allocation; therefore, these segments
estimates form the basis of the data used for estimating strata variances

and evaluation of sample allocation. Considering the LACIE Phase III segments
to be randomly distributed, a poststratification of the segment estimates is
considered for this evaluation. Next, a new historical data set is prepared
for the APU's by aggregating county historical wheat acreage data. A rela-
tive“change in sample allecation caused by the use of aggregated county his-
torical data versus the apportioned historical data for the APU’s is assessed.
There are several components to the evaluation issue being considered. These
sub-iséueS'were addressed as they arose during the evaluation work, and are - -
discussed in the following sections,



3. DATA USED IN EVALUATION

For the 27 APU's across nine states, table I shows the primary data sat used
in the evaluation studies. The yield potential data (APU mean yields and
variances), total area, and total numker of segments are those used in the
TY-sample allocation, Phase IIT CAMS estimates of segment wheat nroportions
are used to estimate the wheat proportion means and variances for the APU's.
A total of 446 seyment estimates were used for the USGP wheat acreage esti-
mation during LACIE Phase III. These segments (i.e.,, segments for which

CAMS estimates are dvailable from Phase III) were poststratified and the first
coTumn under Phasa II1 CAMS estimates (table I) gives the distribution of the
segments for the APU's. MNo segment estimate was available for APU 5, and for
APU's 103 and 2 only .one segment estimate each was available. For the three
APU's, variances could not be estimated directly; instead, the variances
originally used in TY-sample allocation were substituted for these APU's in
table I,

Another set of data from Phase ITI was used in the present evaluation; ground
truth was collected for 132 LACIE segments, called b}ind_sites,] for which
CAMS estimates were also available. Howsver, the two biind sites from
Oklahoma (segment numbers 1244 and 1365) were excluded becauée of an abnor-
mality encountered in estimating their wheat acreages. (A large underesti-

mation was caused by unavailabiiity of cerfain temporal acquisitions necessary

to determine adequate crop signatures.) In addition, no CAMS estimates were
" available for 14 blind site segments. ‘The distributions of 130 blind sites
for the APU's are given in table II for winter wheat region and in table III
for spring wheat regions; blind sites from the mixed wheat region are also
included.

1B]ind site data are maintained by the Accuracy Assessment Group, Earth
--Observations Division, Lyndon B, Johnson Space Center, Natjonal Aeronautics

and Space Administration, and are available from Dr, Dave {*itts, Accuracy -
- Assessment Mapager., '

W



TABLE I.- APU MEANS AND VARIANCES OF LACIE PHASE IIT ESTIMATES OF SEGMENT
WHEAT PERCENTAGES, YIELDS, AND SIZE DATA

Cerfal 1 otan Phase F11 CAMS estimates Yield potential®
erfa . no.
no. APU- | Total are sequents s | Mean Varfance z:,%g' Varfance
1 10 172 564 240 2 4.0 21.) 19.5 6.50
? 102 331 640 535 5 1.9 t4.2 25,0 10,85
3 103 2 68) 267 ] 1.9 23,0 | 32,0 16.10
4 104 726 012 B30 10 5,0 19.5 27.0 12,35
5 2 | 1w 737 247 1 10.8 a6 | 0.0 6.35
6 3 499 914 558 6 151 | 109.5 18,5 5.98
7 4 821 074 542 7 24,6 302,3 20.4 7.40
6 5 | 4ne 309 wa - | o . 617.3% | 19.5 6,73
g €0 | ¥ 038 930 J08 17 21.1 162.4 C2h.h 10.48
0 fil 435 26 208 2 17,5 8.7 21.0 7.85
1 7 1936 170 659 39 1.5 204.8 26.0 11.60
17 & 11 o374 943 192 12 29,7 1031 28.0 13.10
13 g |3 306 970 ¥37 31 26.9 222.5 25,0 10.85
14 16 |2 M5 632 40 2 22.4 147.2 25.5 11.23
5 1] 3119 50 721 . f36 19.5 822 ] 3.5 15,73
15 12 |1 el a6 208 21 23.6 232.8 34.0 17.60
17 13 498 243 766 9 1 12.5 15.4 32.0 16.10
18 14 5G1 259 209 1 13,2 76.6 40,0 22,10
19 15 |1 112 28 992 2] 6.8 86.5 36,0 19,10
20 16 721 415 596 19 4.6 9,9 27.5 12,73
21 17 640 344 322 b 8,9 54.9 28,5 13.48
22 18 735 H22 . 205 3 49 | 1.6 22.5 .98
23 19 [we2iowe o1ns e G 9.1 [ 30 ) 14,60
24 20 3 ney Lie U 29 5.6 RN 36,0 19,10
2h 21 [ v o2on 2e 1729 56 |1, 73.0 26.0 1 11,60
26 22 733 444 215 16 1.4 19,4 24,0 10,10
27 3 | 2 503 o8/ 518 7 B5 [ 20.8 26,5 17,98

¥As used for the TY*E:‘!-III[]TL' allocation,
Pyariance as originally used in TY-sawple allocation.



TABLE I1. — GROUND~-TRUTH ACREAGES OF LACIE PHASE JIi
BLIND SITES FOR WINTER WHEAT REGION

. No. of Actual wheat acreage, %
segments Average Variance
101 | 6.5 -
103 1 1.6 -
104 4 5.2 4.53
2 1 20,2 -
3 1 27.6 -
4 3 8.2 9,96
5 1 21.9 -
60 B 18.0 316,13
7 15 46.0 294,32
8 2 35.9 62.72
9 12 27.8 116,62
10 13 23.4 126,50
11 1 22.8 104.38
12 6 18.6 374,38
13 2 19.4 44,18
14 3 12.4 29.14
15 5 14.7 138.34
16 4 0.2 0.10
17 3 8.6 108.76
19 4 0.5 0.48
21 6 1.5 5.59
22 2 6.4 80. 64
23 3 3.9 6.88

TABLE III.- GROUND-TRUTH ACREAGES OF LACIE PHASE TII
BLIND SITES FOR SPRING WHEAT REGION

APU No. of Actual wheat acreage, @
seqments Average Yariance
104 3 3.7 34.09
15 2 6.2 56.18
16 4 5.8 15.75
17 2 0.2 0.12
19 19 19.1 142,55
20 11 31.7 197.75
21 22 17.6 128.03
22 2 3.7 24,50
23 3 13.4 221,22

+RIGINAL PAGE IS
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4, NUMERICAL RESULTS

4.1 APU_HOMOGENEITY EVALUATIONS

The average wheat proportions and the variance estimates for the refined
strata are given in table IV. Computations are based on the CAMS estimates
for the number of segments available for these refined strata (second colums
in table IV). For the APU having variance estimates available for two or more
refined strata, the Bartlett statistic (ref. 7) was computed to test for the
equality of refined strata variances. The computed statistics are given in
the fifth column of table IV. Considering a 5-percent significance level for
the test and a xa-approximation for the test statistics, it was found that
“APU's 15, 20, and 21 were nonhomogeneous with respect to their refined strata
variability. APU 60 was also declarad as nonhomogeneous when tested at the
10-percent significance level.

Another source of variat.on is the difference in refined strata means. To
test for the equa11ty of refined strata means for an APU, F-statistics (ref, 7)
were computed inir the APU's which were not declared heterogeneous by the test
procedure stove, However, none of these APU's were found to contain refined
strata with statistically significant difference in their means. Accordingly,
the LACIE Phase III segment estimates show evidence of nonhomogeneity for
APU's 60, 15, 20, and 21. Data evidence for nonhomogenity is not very strong
for APU 60, the only APU from the pure winter wheat region falling in the
category of nonhomogeneous APU's. For two of its refined strata, the vari-
ance estimates are based on two or three segments and hence are not very
reliable. Data evidence is much more reliable’and stronger in the case of
APU's 15 and 21 in the mixed wheat reg1on, and APU 20 in the pure spring
wheat regijon.

4.2 EVALUATIONS BASED ON PHASE I1I BLIND SITE DATA

For APU's with two or more blind sites available for estimating wheat pro-
portions by CAMS, table V 1ists sample means and variances computed for the
ground-truth wheat percentages ‘the CAMS estimated wheat percentages, and the

10



TABLE IV.~ TESTS OF HOMOGENEITY OF VARIANCES AND MEANS

FOR REFINED STRATA IN EACH APU

Number of '
T . i N Average wheatl | Varianpce Bartlett _ :
Reffned otrata Cgﬁgisggg;nt percentaye estimate statistic F-statistic
1010% ] 8.0 -
10148 1 1.5 -
10220 i 14.2 13.6
10240 1 2.7 -
10248 ¢ -
10331 1 7.9 -
“10346 0 - -
16430 10 5.0 18.5
10431 0 - -
10446 0 - -
248 1 i0,8 -
ku{) o - -
348 6 15.1 109,5
448 T 24.6 302.3
544 D - -
6020 3 27.5 194.5
6040 12 22.3 123.0
60473 2 4.5 2.5
. hy.7¢ -
nlAK 7 1.5 3.7
iz 16 12.8 279.4
. ) P 0.6 794,14
U F [¥] - -
(b 0.01
520 e 79,7 103.1
908 q 11.6 69.9
020 14 Yi.6 176.4
249 6 2.4 272.8
48 7 21.7 213.0
. 3.30 W35
1008 18 19.3 139.9
1020 1 3.6 -
- 1031 -8 27.5 136.7
003 !
os 0 = - o
1120 4 2.9 55.2
1131 " 12,3 67.6 : :
. .32 1.09°

Mast two digits indicate state code {fig. 2).

‘ bSignifiant.ﬂt_lU~pdrcenL level af significance.
cSignifiCant at ﬁ-purcnnt'luVEl of uignificanca,
dSignifiCAnt at i~percent level of significance.

11




TABLE IV.-- Concluded.

Number of
: _ Average whoat [ Variance Bartlett ioas
. Refined strata C22i1;§%gsnt percentage estimate statistic F-statistic
1220 . - 20 24.6 1 223.5
1231 1 3.8 -
1320 9 12.5 45.4
1340 0 - -
1420 5. 13.2 120.7
14351 G - 13.3 56.7
1.32 0
1520 f - -
16527 13 1.4 6.3
1531 Y 15.7 a0.6
1546 ‘ 1] - -
432,02 -
1631 ) - -
1646 19 1.6 9,9
1731 : r A 16.4 33.6
1746 i 5.1 22.2
: ’ i 2.89
1846 ' 3 4.9 1.6
1927 12 10.9 24.9
16348 ' 29 24.7 53.4
1946 11 10,8 42,6
: 4,55 1.75
2027 20 22.6 116.8 -
2038 9 32,1 40.%
2046 ] - - .

_ : . .76 - -
2130 - ) 20.7 58.1 ' ’
2138 : K4 i7.6 59.0
2146 ) 16 7.4 26.8

€7.09 -
2230 14 7.0 15.8
2238 : 7 13.5 20.5
2246 . 0 - - - . :
' ) ) : .06 2.06 -
£330 7 8.5 29.8 .
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difference between the two. Considering only those APU's which have three or
more blind sites with CAMS estimates, the ground-truth wheat percentages are

linearly regressed on their CAMS estimates. Coefficients for the regression

equations and the residual mean-square errors (MSE) are also listed in table V.
Except for APU's 19, 20, and 21 in the spring wheat region, and for APU's 7,
9, 10, and 11 in the winter wheat region, the reliability of the regression

equation is Tow. |

Based on ground-truth variance estimates for the APU's mentioned above, no
~significant difference exists between the APU variances in the spring wheat
region or between the APU variances in the winter wheat region. Although
the variance estimate of APU 7 appears fairly high compared to others in the
winter wheat region, it is not statistically significant. Thus, blind site
data for these APU's as well as from the remaining ones‘shbu1d be pooled and
combined to obtain one reliable regression equation for the winter wheat and
* one for the spring wheat'region. ' |

If y is the ground-truth wheat percent and x is its CAMS estimate for a seg-
ment, the two regression equations obtained by the least-square fit are
y = 2.06 + 0,991x _ S (1)
for ‘the winter wheat region with 77 data points, and .
y = 2.86 + 1,09 (@)
for the spring wheat region with 51 data points. Their respective residual
MSE are 37.3 and 55.4 (see table V). '

Equations (1) and {2) shoqu‘be regarded as calibration equationé rather than_'

regression equations. This distinction is necessary because the regression
mode? aSsume§ that the regressor (i.e., CAMS segment estimate) is error free,
which is certainly not true. ' '



The following conclusions are reached from the blind site data analysis given
in table V:

a. APU variances computed from CAMS estimates are consistently smaller than
those computed from the ground-truth segment wheat acreages for the spring
wheat. A]thbugh a similar tendency of the APU variance underestimation
from the use of CAMS estimates appears for the winter wheat, it is not
consistent over APU's as in the case of spring wheat.

b. The regression of actual segment wheat percent on its CAMS estimate is
sienificant.

These results suggest that the CAMS segment estimates can be improved by the
use of calibration equations (1) and (2). Thus, besides the use of CAMS

" estimates which seem to underestimate the strata var1ances, segment wheat
proportion estimates obtained from the calibration equations are used. It
‘may be feas1b1&_to assess the impact of strata variance underestimation on
the sample allocation. '

 The segment'wheat percent is predicted or estimated cdrresponding to its CAMS
estimate from the app11cab1e calibration equation, resu1t1ng in a new set of
segment estimates; referred as a "calibrated" data set. ‘Another data set
obtained hy replacing the calibrated estimate for a segment by its ground-
truth wheat percent (when available) is then prepared to assess the likely
impact on Samp1e allocation due to‘undereétimation of strata variances from.
the CAMS segment estimates. This dat set will be referred as "mixed,"

4.3 SAMPLE ALLOCATION EVALUATION

The_optihum sampié\ai]obation resul ts obtained using the LACIE Phase IIr
 segments data of CAMS eutimates, chibrated values, and mixed figures are
given in this section. The TY sample allocation formula described in ref-
erence 5.is used. The 0pt1mum allocation formula is dpplied at the APU level
_ and at the ref1ned stratum levels the latter case.is to evaluate the propor=
_tlon a11ocat1on used prev1ous1y dur1ng TY. As considered in TY, the present
‘sample allocation is determined by condeering'the 5-percent coefficient of

16



variation desired for the production estimate with a rate of 753-percent sample
acquisition, The strata historical wheat acreages are obtained from the 1974
agriculture census data in two different ways, apportioned from the states and
aggregated from county data, following the procedures described in section 3,
The apportioned historical wheat acreages for strata are exactly those used
for the TY-sample allocation.

4,3.1 ALLOCATION AT APU LEVEL

Table VI lists the total sample size and its allocation among the 27 APU's in
the USGP for each of the cases discussed above. The original TY-sample
allocation figures are also listed. These evaluations jead to the following
conclusions: ' ' ' '

~a. The samp1e size determined by using the apport1oned historical acreages
is on the average about 13 percent smaller than that obta1ned by using
the aggregated county historical acreages in each case.

b. Although the total sampTe size for the origina1 allocation appears satis-
factory (487 versus 451 with the CAMS est1mates, 469 with the calibrated
data, and 514 with the m1xed data —an RD of iess than 10 percent}), both
significant underallocation and overallocation are observed for the
individual APU's. The APU's showing undersampling are 4, 60, 9, 10, 13,

17, and 20 and there is an oversanp]1ng for APU's 102, 2, 11, 14, 18,
and 22. When compared w1th the samp1e allocation using aggregated county
historical acreages, the original sample size i§ consistently on the low
side (487 versus 518 with the CAMS estimates, 538 with the calibrated
: _data,‘and b93 with the mixed cata), and thus thé underallocation for the
TY-sample design may be as h1gh as 20 percent. In addition to the APU's
mentioned previously, two more APU's, 15 and 23, fali in the undersampling
 category, but APU 14 does not show any oversampling in this case, Thus,
“about 50 percent of the APU's are either undersampled or oversampled,
'accord1nq to the present eva]uat1on ‘ o

¢, When the samplg suzeJ for the three cases of CAMS, ca]1bratmd and m1xed _
" data are compared “the results (tab1e VI) show that the total sample s1ze

- -




TABLE VI.— APU SAMPLE ALLOCATION

- “;E.?. '::'Ll' | LAY Calirated i xed
sr.-gmgan O L TR A ¢ fRro, n A c (RO, %
m+| - 3 3 0.0 3 3 0.0 ! 2 | -50,0
102 27 13| 15 {-13,3 14 16 |12, |14 |16 {-12.5
103 4 4 5 1 -20,0 4 5 |-20.0 4 5 |-20.0
104 19 13 ] 718 [-13.3 13 115 [«13.3 |14 |7 {1708
2 9 4 4 0.0 4 | 4 0.0 4 4 0,0
3 18 10 | 16 |-12.5 14 |16 |-12.5 |15 |18 |-16.7
4 7 25 | 29 |-13.8 25 |20 |-13.8 |26 |30 [-13.3
5 7 6 7 |-14.3 7 8 -12.5 7 8 |-12.5
60. 9 12 | 14 {-14.3 12 {14 {-14.3 |18 |16 |-12.5
61 3 4 4 0.0 4 4 0,0 4 4 0,0
7 kYA 1 43 [-11.6 3 [ 44 l-13.6 | 39 |45 |-13.3
! 7 2 |-12.5 7 § |-12.5 7 8 |-12.5
9 21 3| 3 |-13,9 | 3t |36 |-x9 |3 |3 [-110
0 27 311 36 |-13.9 2 1ar bass 13a §30 |2
11 3 77 | 31 j-12.9 20 | m |20 {20 |30 |18
12 21 20 | 73 [ -13.0 20 |23 =130 |24 |27 |-
13 ki / 9 | ope.z B 9 |-nu 6.1 7 |-14,3
14 1/ 12| 1y f-1 13 {15 [~13.3 [ 14 |16 |-12.5
14 40 az | oo [-100 | a3 |49 |-12.2 [ 42 |48 {-12,5
6 kN 7 8 |-12.8 8 9 |-11.1 g {1 |-8.2
17 / 9 | 10 {-10.0 9 (10 |-10.0 |11 |13 [-15.9
T4 1 2 ? 0.0 2 2 0.0 2 2 0.0
19 . 50 42 | 48 | -12.5 46 |50 |-14.8 | 56 |64 |-12.5
20 25 2 | 30 [-13.3 29 |33 |-12.1 | 35 |40 |-12.5
21 50 36§ 41 {-14.6 | 40 | 46 |-13.0 | 48 | 56 |-14.3
22 8 4 4 0.0 4 5 |-20,0 5 6 |-16.7
23 11 10 | 12 [ -16,7 12 |13 | -~77 118 |21 |[-14.3
‘Total g/ ast [e1s | <132 | 460 (538 [-12.8 [514 593 |-13.3

% = Sample allecation for the case of apporLionnd historical -wheat acreages,
hC = Sample allpeation Tor the vase ol agyregaled county historical wheat acreages.

“Rb = Relative difference, A - €.

[
*Not ingluded in Lho original allocation, and only the vefined stratum in Colorado
is considercd For the other throee cases.
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15 approximately 3 percent higher for the calibrated case and 14 percent
higher for the mixed data case than for the CAMS estimates case, a direct
consequence of the underestimation of the refined strata variances shown
by the biind site data analysis discussed earlier, Much larger differ-
ences are noted in the spring wheat APU's (e.g., sample size of 42 vs, 56
in APU 19, 26 vs. 35 in APU 20, 36 vs, 48 in APU 2] and 10 vs. 18 in

APU 23} because of the significant underestimation of variances of APU's
in the northern USGP.

The prasent sample allocations show that APU's 161, 103, 2, 61, 18, and 22
have been allocated five or Tess sample segments and thus at most three to -
four segments front an APU may be expected for data availability. The relia-
bility of acreage estimates for these APU's will therefore be poor. One pos-
- sible way to imprdve the reliability is to merge these marginal wheat-growing
APU's into other contiguous yet similar APU's. -Assessing ‘the similarity in
'teﬂns of APU wheat acreage variances and their potential yield (table 1),
these APU's were merged or combined with others as f011ows {2, 3, 51,
{4, 61}, {10, 1013, (11, 103} and {18, 22}.

For APU 101, only its réfined strata in Colorado is merged with APU 10. The
new stratification thus obtained for the USGP will be referred to as "merged
APy's,"

The sample allocation for each of the.three data input cases discussed pre-
- viously was'perfofmed The results for the Samp]e size are listed in
table VII Once again.the new sample size figures, and hence eva1uat1ons,
para11el those reached for the original APU strat1f1cat1on, for example,

a. There is no significant difference for the total sample size between the
original sample allocation and the present allocation based on apportioned
h1St0P1C&1 data, but about 50 percent, of the APU's show either underallo-
cat1on or overa11ocat1on

19



TABLE VII,- MERGED APU SAMPLE ALLOCATION?

aMergfng of APU's is primarily based upon statisti¢a1 and

e et vai = ey g T VR A B R A AL i ¢ e T R T WIS E e e s e Y

20

ol 02333551 oA | CaTibrated Mixed

sognents | A | C R ® 1A [c |RD, & A [C |RD,:

102 27 14 |16 [-12.5 | 14 |16 |-12.5] 15 {17 | -11.8

104 19 13|15 |-13.3 { 14 |16 | -12.6 | 15 |17 | -11.8

{2, 3, 5} 34 22 [ 26 |-15.4 | 22 |26 |-15.4{ 22 | 26 | -15.4
(4, 61} 10 32 | 37 [-13.56 | 32 |37 [-13,5| 33 | 39 |-15.4
60 9 12 ) 14 =143 12 [ 15 | -20.0 [ 14 [ 16 | -12.5

7 37 3¢ | 45 |-13.3 | 39 |45 | -13.3| 40 | 47 | -14.9

8 7 7 1 -8 [-12,5 7 9 [ -22.2 7 9 | -~22.2

- g 21 32 | 37 |-13.5 { 32 |37 {-13.5! 32 |37 |-13.5
{10, 107} 27 42 150 |-16.0 | 42 |50 |-16.0 | 45 | 54 | -16.7
{11, 103} 39 37 | 42 |-11.9 | 37 |43 [ -14.0] 41 | 47 | -12.8
12 21 21 | 24 |-12.5 | 21 |24 |-12.5] 24 | 26 |-14.3
13 BT 8 9 (-1t 8 [ ofl-naf 6 | 7]-143

14 17 13 | 16 |-18.8 | 14 |16 |-12.5] 14 |16 | -12.5
15 40 44 |'5Y | -13.7 | 44 | 51 | -13.7| 43 | 50.[-14,0

16 13 8 |-12.5 9 |-11.1( 10 | 1 9.1

17 7 ’ 10 | -10.0 11 | -18.2.] 11 ] 13 | -15.4

19 50 43 | 49 |-12,2 | 48 |55 |-12.7| 57 | 6 | -13.6

20 25 27 | 31 [-12,9 | 30 |34 {-11.8] 3 |4 |-12.2

21 50 36 | 42.[-14.3 | 41 (47 | -12.8( 50 | 57 | -12.3

{18, 22} 12 6 | 7 (=143 7 | 8|-125] 8 | 9[-
23 | o[ 12 ] -8.3 | 12 |14 |-14.3| 19 | 22 | -13.6
Total . | 487 475 | 549 | -13.5 | 493 |572 | -13.8 | 542 |629 | ~13.8

contiguous considerations,
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b, The relative difference of the sample size obtained for the case of
- apportionment to that in the case of aggregated county historical dat
is about -14 percent. '

c. Approximately 14 percent more samples are needed for the mixed data case
than for the CAMS estimates case.

In addition to the suggested merging of some APU's, it is also proposed to
divide the APU's that are assessed heterogeneous by Bartlett's test (sec-
tion 4.1). Considering the strata variance homogeneity and potential yield
as the decigion criterion, the following combinations of refined strata
within APU's- are obtained as new APU's: {1527, 1546}, {1531, 1520}, {1927},
{1938, 1946}, {2038, 2046}, {2027}, {2130, 2138}, {2146}. (See figs. 1 and 2
for APU and state codes.) Although desirable to split APU 60, it was kept -
intact to avoid having strata too small. This partition will be referred as
“split and mérged"_APU stratification. Figure 3 shows'the-new1y_created '
APU's,

The sample allocation resuits (table VIII) show that the original total sample
size is quite adequate unless it is compared with the sample size for the

-mixed data case with aggregated county historical acreages (487 vs, 584)ﬂ

.However,_there are consistently significant undera]]ocations and overalioca~-
tions for some APU's, as follows:

Category . Split and merged APU's

Ovéraliocation - 102, 108, {2, 3, 5}

o " 13, 14, {1527, 1546}, 16, 1927,
{1938, 1946}, {2038, 2046}, -
{2130, 2138}, (18, 22} |

Underallocation {4, 61}, {60}, 9, {10, 101},
o {1631, 15203, 2027. |

o



Figure 3.— A split and merged APU stratification of USGP.
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TABLE VIII.- SPLIT AND MERGED APU SAMPLE ALLOCATION

o 02331557 CAMS Calibrated Mixed
Segmgnts A C |RO, %1 A | ¢ !rRo,% | A |cC |RD?"
102 27 13 |15 | -13.3 ) 13 | 15 |-13.3 | 14 | 16 | -12.5
104 19 12 |14 1-14.3 ) 13 ] 15 [-13.3 | 14 | 17 | -17.6
{2, 3, 5} 34 21 124 f-12,5 ] 21| 24 |-12.5 | 21 | 25 | -16.0
{4, 61} 10 30 [35|-14.3] 30| 35 |-14,3 | 32 | 37 | -i3.5
60 9 12 114 {14,311 12| 14 |-14.3 | 14 | 16 | ~12.5
7 37 36 |42 | -14,3( 37 | 42 |-11.9 | 39 | 45 | -13.3
8 7 7 | 8 |-12.8 7 8 | -12.5 7 8 | -12.5
9 21 30 |35 |-14.3] 30 | 35 [-14.3 | 31 | 36 | -13.9
{10, 101} 27 39 |47 |-17.0 | 40 | 47 {-4,9 | 43 | 52 | -17.3
{11, 103} 39 35 |40 | <125 | 35 | 40 |-12.5 | 20 |45 | -13.3
12 2] 19 |22 | -13.6 | 20 | 23 |-13.0 | 23 | 27 | -14.8
13 11 7 8 [ ~12.5 71 8 |-125 1 6 | 7|-14.3
14 17 13 [ 15 [-13.3 | 13| 15 [-13.3 [ 13 | 15 | -13.3
{1531, 1520} 23 27 |31 {-12.9 | 27 | 31 [-12.9 | 31 [ 36 | -13.9
{1527, 1546} 17 4 5 { -20.0 5 51 0 { 5 | 5 0
6 13 6 7 | -14,3 7 8 1-12,5 9 {11 [ -18.2
17 7 10 [-10,0] 9| 10 {-1000 | 11 {13/ -15.4
1927 - 8 R 7 | -14.3 7 8 |-12,5 4 9 |11 {-13.9
{1938, 1946} 42 29 33 {-12,1 {32 | 37 |-13.5 { 39 |46 -15.2
2027 9 14 116 [-12.5 1 16 | 18 [-11.1 | 21 | 24 | ~12.5
{2038, 2046} 16 7 | 8f-125] 8} 9 (-1 ] 8 {10]-20.0
{2130, 2138} { 46 . 25 29| -13.8 ¢ 28 ! 32 |-12.5 | 38 -13.6
2146 4 4 0 4 | .5 |-20,0 5 -16.7
{ig, 22} 12 -7 1 -14.3 7.1 8. |-12.5 8 | 91-1a
23 1 10 112 1 -16.7 | 11 | 13 1-15.4 | 18 | 21 | -14.3
Total 487 | 421 lass | -13.7 | 439 {505 | -13.1 |499 |58 | 14,6
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Note that the split APU {1527, 1546}, shows overaljocation, whereas the other
part of APU 15, {1520, 1531} shows underallocation. Similarly, the two
parts of the original APU 20 fall in both categories of allocation.

The results of comparisons between different cases of data utilization are
parallel with those obtained and discussed previously for the original APU

or merged APU stratification, On the other hand, on a case-by-case basis,
the present sample sizes for the original APU stratification are consistently
higher than those for the split and merged APU stratification. It may there-
fore be concluded that the latter stratification is more efficient than the

- original. Accordingly, had the TY-sample allocation performed optimally with
respect to the split and merged APU stratification, the original sample size
mighﬁ have been smaller than 487. Although this would help in eliminating
overallocation for some APU‘s; the underallocation would become a larger
problem. | '

Based upon physical considerations (e.g., soil and topography), it seemed'
that APU homogeneity could not be extended to certain‘merged APU's., It was
therefore decided not to merge APU's 61 and 4, 103 and 17, and 18 and 22.
-With this modification, the only cases of merged APU's remaining are

{2, 3, 5} and {10, 101}. This stratification will be referred as "modified
merged APU's." ' : | -

Sémp1e allocation was performed for this new stratification; results given

in table IX show that the figures Tie between those obtained for the original
and the merged APU's stratifications. Conclusions are again parallel with
thosetderivedlfn the other two cases:

a. No significant difference in the total sample size,-but‘samp}e sizes of
| 50 percent of the APU's are affected considerably

b, Underallocation by 13 percent with fhe use of apportioned historical
data in-sampie allocation ' -

24
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TABLE IX.— MODIFIED MERGED APU SAMPLE ALLOCATION

oy Ogggiggi CAMS Calibrated Mixed
;se;mgnts A C [RrD, % | A C |RO, % |.A | c-| Ro, «
102 27 14 |16 -12.5 [ 14 | 16| <125 | 14| 17| <178
103 4 41 51200 | 4] 5| -200| 4| 5[ -20.0
104 19 13 |35 | -13.3 | 13 | 15{ -13.3°| 15 [ 17} -11.8
{2, 3, 5} 34 22 | 25| -12.0 | 22 | 25| <12.0 | 22 25| -12.0
4 26 1 29| -13.8 | 25 | 29| -13.8 | 26 | 30| -13.3
60 12 | 14 ] -143 | 12 14 -14.3 1| 18] 16| -12.5
61 4 44 0 4 4 0 4 4 0
7 37 38 | 44 | -13.6-( 38 | 44| -13.6 | 40 | 46| -13.0
8 7 7 1.8 -12.5 7 8| -12.5 | 7 9 -z2.2
g 21 -~ 31 | 36| -13.9 | 31 |.36 [ -13.9 1 32| 37 -13.5
1 {10, 101} 27 41 | 49 +-16.3 | 41 | 49 16,3 | 4a | 53| -17.0
noc 35 27 {31 | -12.9 | 27 | 31| -12.9. | 30 | 34| 118
12 2 20 | 23 1-13.0 | 20 { 24| -16.7 | 24 | 271 -11.1
13 N 8 { 9.|-1.1 81 9 -11.1 61 71 -14.3
14 17 8 (06 | -13.3 [ 131 15] -13.3 | 14| 16] -12.5
15 40 44 | 50 | -12.0 | 43 | 50 -14,0 | 42 | a9 | -14.3
16 13 7| 8| -12,5 91 -11.1 |10 ] 1| -9
17 7 9 [10|=-10.0 | 9| 10| -10.2 | 11 ] 13| -15.4
18 4 2.t 2| o 2 0 21 21 o
19 - 50 42 | 48 1 -12.5 | 47 | 54| -13.0 | 56 | 65| -13.8
20 25 26 | 30 f ~13.,3 | 29 | 34| -14:7 |- 35| 41| -14.6
21 50 36 | 41| -12.2 | a0 | 46 -13.0 | 49 | 56| -12.5
22 8 4 | a4l o9 4 1" 5| ~20.0 5 6| -16.7
23 - 0 | 12]-16.7 ) 120 13| 7.7 | 18| 21} -14.3
Tota 487 1459 1528 | -13.1 | 473 [ 547 | -13.5 | 524 | 607 | -13.7
| £ W
‘ OR\‘G““'::& ?(;?p‘\.\ﬂ
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[

c. Sample size for the mixed data case higher than that for the CAMS esti-
.mates case by 15 percent

‘Next; considering the proposed sniit of APU*s for the modified merged APU
stratification, the optimum allocation was performed {table X). The sample
sizes for individual APU's were parallel with those obtained in the preceding
two cases and the total sample size was smaller by about 7 percent than
obtained for the split and merged APU stratification and by about 11 to
15 percent than those in the case of merged APU stratification. Compared to
the TY sample size of 487, except for the case of mixed data with aggregated
county historical acreages, the samp]e sizes were Tower, suggesting an over-
allocation during TY. Significant underallocation and overallocation were
again observed for about half of the APU's. However, this stratification
suffers from having several small APU's wh1ch are allocated only. a few samp]e

© segments each When. it becomes critical to use on]y the strata samp1e data

- for dqts acreage est1mat1on, this stratification may not merit as much cons1d-

eration as the merged or the split and merged APU stratification,

The total samp]e sizes are p]otted in figure 4 for the var1ous data input
cases corresponding to the original, merged, and split and merged APU strati-
fication. -As might be expected, the sample sizes for the-calibrated data
case are.only slightly higher than the correspondfng ones for the CAMS esti-
mates'case. Howevér, use of the mixed data makes a significant difference in
sample sizes and shows'that‘the sample allocation is'considefab1y affected

" due to underestimation of strata variance resuTting from the CAMS segment
estimates. The sample sizes pbtafned using the aggregated county historical
acreages for strata are consistently highér than the corresponding:ohes in
the case of apportioned historical acreages for the strata.

It follows from the above results that both the use of appprtfbnment for
determining APU historical acreages and of CAMS segments. estimates for the APU
Vqriunce estimation wouid lead to a smaller sample size for the.samp]e alloca~,
tion when performed at the APU 1eve1. As both these factors were part of the
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TABLE X.— SPLIT AND MODIFIED MERGED APU SAMPLE ALLOCATION

Original CAMS Calibrated Mixed
APU sample
segments A C RD, % A ¢ |RD, % A c RD, %

102 27 12 |14 13 | 15 4 | 16
103 4 4 4 4 5 4 5
104 19 12 | 14 12 |14 14 | 16
{2, 3, 5 34 20 | 23 20 | 23 20 | 24
4 8 23 | 27 24 | 27 25 | 29
60 9 no| s 11 | 13 13 | 15
61 3 3 1 4 3 4 4 4
7 37 3 | 47 35 | 4 37 | 43
8 7 7 8 7 8 7 8
9 21 29 | 33 29 1 34 30 | 35
{10, 101} 27 38 | 45 38 | 45 42 | 50
11 35 25 | 29 25 | 29 28 | 32
12 21 19 | 22 19 | 22 22 | 28
13 11 7 8 7 8 6 7
14 17 12 |14 12 |14 13 | 18
{1531, 1520} 23 26 | 30 2 | 30 30 | 35
{1527, 1546} 17 4 1 5 5 | 5 6 1 7
16 13 6 | 7. 7 8 9| 10
17 7 8 |10 8 |10 11 | 12
18 3 2 b2 2 | 2 2 | 2
{1927, 1946} 14 12 |14 13 {15 20 | 24
1938 36 14 |17 16 | 18 16 | 19
2027 9 14 |16 s 7| 20 | 23
{2038, 2046} 16 7] 8 79 81 9
{2130, 2138} 46 u4 | 28 27 | 31 36 | 42
2146 4 4 4 4 5 5 6
22 8 4 4 4 4 5 5

23 1 10 {1 1n |2 17 ] 20 |

Total 487 392 {455 |-13.8 | 404 l468 | -13,7 | 464 } 539 | -13.9
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allocation procedure for the TY-sample design, it is concluded that there may
be an underallocation as high as 20 percent for the samp]e segments in the
USGP during TY,

4,3,2 ALLOCATION AT THE REFINED STRATA LEVEL

To evaluate the proportional allocation employed at the refined strata level
for the TY-sample design, the optimum sample allocation was performed for the
refined strata using the data sets described previously. If Tess than two
CAMS estimate were available for a refined stratum, it was merged with other
refined strata in its APU and the APU variance estimate was used for each of
the merged refined strata. Again cdhsidering different types of data to
compute refined strata historical acreages and variances, the sample alloca-
tion was_éva?uated in- each case; results are given in table XI,

A compérison between the TY allocation and the optimum allocations shows that
the TY haa an higher samp19 s1ze and hence is 1neff1c1ent as compared. to the
optimum a]locat1ons 0btu1ned u51ng the CAMS estimates data (33 percent), the
'calibrated data (29 percent), and the mixed data (11 percent), for the case
of apportioned wheat acreages'fur the refined strata., Differences in saﬁp]e
s1zes are smaller for the county aggreated wheat acreages.. Other conc]usions

are similar to those made prev1ousiy for the APU-level sample a11ocat1on. Use ”

of apportionment data leads to underallocation by about 13 percent, The
refined strata showing significant sample overallocation and underailocation
are as follows: '

;Tvgé_ -~ . . Refined strdta1
Overallocation - - J0220, 10240, 10430, 248, 340,

1120, 1320, 1420, 1520, 1527
1646, 1938, 2038, 2138 and 2230

Underallocation ' '10108 348, 448, 948, 1031,°
: : 1131, 1531, 2027

',1The last two d1g1ts refer to a state code number (Séé'fig; 2).

2App11pr only to the case of aggregated county h1stor1ca1 acreages for refined
. strata _ _ o _ _ _
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. These resuits for overallocation and underallocation are obtained irrespective
of the tota) optimum sample size. For example, although the total sample size
in the case of mixed data with aggregated county historical acreages for
refined strata exceeds the TY total sample size (this happens onily in one case),
the conclusions for the individual refined strata regarding underallocation

or overallocation are the same as in the remaining cases.

Considering the refined strata by states, these results suggests that there
was overallocation in Kansas and North Dakota, and underallocation in Colorado,
Nebraska, and Texas during TY. The underallocation in Colorado is partly due
te noncoverage of APU 1071 in the TY-sample allocation.

"~ Figure 4 also shows the optimum sample sizes obtained for the refined strata
level. These sample size resuits are smailer than those obtained for the
various APU stratifications. Although the implication is that the refined
strata leve) stratification is more efficient than any one of the APU ]eVe],
it has the drawback of having allocated few or no sample segments to some
refined strata. :

3




5. SUMMARY AND CONCLUSIONS

The natural stratification and sample allocation used for the fY-samp]e design
- were examined. LACIE Phase III'data were employed to test the APU homogeneity
and to evaluate the optimum sample allocation when performed at both the APU
‘leve] and the refined strata level. The effect of apportionment'on the .sample

allocation was assessed by determining the relative change jn sample size
caused by use of the aggregated county historical wheat acreages in place of
apportiohed historical wheat acreages for the refined strata and APU's, The
evaluat1ons lead to the f0110w1ng conclus1ons.

a, APU's 15, 19, 20, and 21 are heterogeneous for wheat dens1ty and therefore
must be further split to achieve a better stratification and more effi-
. cient sample allocation. The following split of the APU's is proposed.

APU * . Refined strata forming spiit APU's
15 {1527, 1546} and {1531, 1520}

19 {1938, 1946} and {1927}

20 - {2038, 2046} and {2027}

21 {2130, 2138} and {2146}

b. When the APU's that are either small in size or have marginaI wheat are
méerged with adjoining similar APU's, there is no s1gn1f1cant increase in
sample size. '

c. A more efficient stratification for sample allocation is achieved by
merging and or 5p11tt1ng APU's; see tab]e VIII.

d. The total sample size for TY sampling seems adequate; however, the strata
samp]e allocation is far from satisfactory. There is s1gn1f1cant over-
or underailocation of sampies, affecting the samp1e allocation for about
50 percent of the APU's, ' '

e. .There is inadequate,representation in sampling from some states. Colorado,

Nebraska, Texas show an undersampling whereas Kansas and North Dakota have

an oversampling during TY. . The undersampling in Co]orado_is partly due
to noncoverage of one of its refined stratum. Lack of full coverage
'-genera11y results in a biased estimate. S
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h.

When performed at the refined strata Tevel, the optimum allocation loads
to a saving of approximately one-third of the sampie size obtained when
it is performed at the APU level. However, the former may not be desir-
able because few or no sample segments are allocated for some refined
strata. Optimum sample allocation performed with the spiit and merged
stratification is recommended. '

Use of apportioned historical daﬁa versus the aggregated county historical
data (which are more accurate figures for the refined strata and APU's)

 leads to a smaller sample size by about 13 to 15 percent. This suggests

that apporticnment based on agriculture density tends to mask the under-
Tying variability, and theréfore its averaging effect Teads to under-
allocation of sample segments for the wheat production estimation.

A similar averaging effect takes place when CAMS segment estimates are
used in estimating the strata variances and then assessing the optimum

“sample size. This approach (i. e.,'usé of CAMS segment estimates for

strata variance determ1nat1on\ may 1ead to undersamp11ng by as much as

- 90 percent.

It is apparent that natural stratification is the first necessary step

toward developing an efficient sample design for crop assessment of.a large
~area, Natural stratification should be modified and updated to be applicable
to specific crop types for an optimum sampie design. 'Fufther, apportionment
should not be based purely on agricultural density. Use of the historical
~data in estimation of the .strata crop acreages can be avoided by developing
.a strdt1f1cat1on which is efficient yet does not conta1n strata too small,
either in tota] size or in crop s1ze

: .33
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