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1. INTRODUCTION

1.1 OBJECTIVE

An objective in the Large-Area Crop Inventory Experiment (LACIE)
is the design of a sampling strategy for estimating wheat area
and production in a country of interest with a precision level
fixed in advance. So far, two sampling strategies have been
proposed. This report evaluates the sampling strategy referred

to as the new, or second-generation, sampling strategy.

1.2 TWO SAMPLING STRATEGIES

The two sampling strategies in LACIE are based on stratification.
The sampling strategy referred to as the old or the first-
generation sampling strategy uses as strata the smallest politi-
cal subdivision in a country for which information on wheat area
and yvield is available. In the United States, such strata are
the counties, and in the Union of Soviet Socialist Republics
(U.S.8.R.) they are the oblasts. The second-generation sampling
strategy uses the agrophysical units (APUs) as strata. The APUs
are strata that are homogeneous with respect to the agricultural
density [as determined from Land Satellite ({Landsat) imageryl,
soil, and climatic condition. In the new sampling strategy, the
strata are classified into two groups, A and B. If the Classifi-
cation and Mensuration Subsystem (CAMS) estimate of wheat density
is available for three or more segments in a stratum, then the
stratum is said to belong to Group A. If the CAMS estimate

is available for less than three segments, the stratum is classi-
fied as Group B. The wheat area and production and their vari-
ances are directly estimated in a Group A stratum; but in a
Group B stratum, the wheat area in the stratum in the epoch year,
is used to estimate it. Fpoch year data refers to some historic
data obtained from a previous census or from the Statistical
Reporting Service (SRS) of the U. S. Department of Agriculture
(USDA) or a similar agency in some past vear.



From the political subdivision level data, stratum level wheat

area is estimated by an apportioning procedure.

1.3 NEW SAMPLING STRATEGY REQUIREMENT

According to the new sampling strategy plan, the new sampling
strategy can provide wheat area and production estimates with
a preassigned precision only if the following regquirements are

met:

1. Good stratification: The strata should be homogeneous with
respect to wheat density and yield.

2. Good apportioned estimates: The apportioned estimate of
wheat area in a stratum should be close to its true wheat
area in the epoch year.

3. Good CAMS estimate: The error in the CAMS estimate of wheat
area in a segment should be small.

1.4 NEW SAMPLING STRATEGY PERFORMANCE EVALUATION

In the performance evaluation of the new sampling strategy in a
country, it should be determined

1. Whether the requirements cited in section 1.3 have been met.

2. Whether, once the requirements have been met, the estimates

of wheat area and production have the preassigned precision.

3. How precise the estimates are if the requirements have not
been fully met.

In a testing mode, the new sampling strategy has been applied

to two states in the United States (Kansas and North Dakota) and
three oblasts in the U.S.S8.R. (Kurgan, Kustanai, and Tselinograd).
The strata used there have been obtained by intersecting the’
APUs with the state or oblast. The resulting strata are referred



to as the refined strata. In connection with the new sampling

strategy, the following tasks have been performed:

1.

The guality of the stratification in both the United States
and the U.S.S.R. has been evaluated. Six states in the
United States and 36 APUs in the U.S.S.R. have been used in
the stratification study.

The guality of the current apporticning procedure has been
evaluated.

Estimates of wheat area, production, and their variances
have been obtained at different times in the growing season
in the two states in the United States and the three oblasts
in the U.S.S.R. The area and production estimates in the
United States have been compared with the corresponding SRS
estimates and the first-generation sampling strategy esti-
mates.
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SAECEDING 2. STRATIFICATION QUALITY EVALUATION

According to the new sampling strategy, all strata in a good
stratification are homogeneous with respect to wheat density and
vield. The APUs, or the constituent refined strata, are believed
to be homogeneous with respect to agricultural density, soil, and
climatic condition. It has been assumed that if any stratum is
homogeneous with respect to agricultural density, it will be
homogeneous with respect to wheat density also; and if a stratum
is homogeneous with respect to soil and climatic condition, then

it will be homogeneous with respect to yield. However,

@ With respect to agricultural density, a refined stratum in

an APU may be homogeneous, whereas the APU itself may not be.

® A refined stratum may be homogeneous with respect to agri-
cultural density but not with respect to wheat density; or
it may also be homogeneous with respect to soil and climatic

condition but not with respect to yield.

@ Administrative strata (such as the CRD) may be more homoge-
‘neous with respect to agricultural density, wheat density,
or yield than the refined strata.

To evaluate the quality of the current agrophysical stratifica-
tion, the following tests have been conducted.

1. APU Homogeneity Test: If an APU is as homogeneous as its
refined strata with respect to agricultural density, the
mean, standard deviation, and coefficient of variation
(CV) of agricultural density in the APU will be close to
those in each refined stratum. Thus, for *testing the
homogeneity of agricultural density in an APU, its mean,
standard deviation, and CV are compared with those in each

refined stratum.



2. Correlation Test: In a stratum, homogeneity of agriculttural
density implies homogeneity of wheat density if the agricul-
tural density and the wheat density are highly correlated
(correlation coefficient close to +1 or -1). Estimates of
coefficients of correlation between agricuiltural and wheat
densities are obtained for the refined strata. A refined
stratum cannot be homogeneous with respect to wheat density
if the estimate of correlation coefficient is not signifi-
cantly different from zero.

3. Variance Reduction Test: A stratification is better than
another stratification if it has smaller within-strata
variation of wheat density and yield. With respect to agri-
cultural density, a stratification is better than another
if it has smaller within-strata variation of aéficultural
density. Again, the larger the between-strata variation,
the smaller the variation within strata. So, the wvariations
between strata of those variables for the administrative
and the agrophysical stratifications are compared. The one

with the larger between-strata variation is the better one.

2.1 APU HOMOGENEITY TEST

This test was conducted in 36 APUs in the U.S5.S.R. The mean,
the standard deviation, and the CV of the agricultural density
are computed for each APU and its constituent refined strata
(see table 1l). Very few APUs are actually homogeneous, but

some APUs are more heterogeneous than the others. For example,
the second APU appears to be more heterogeneous than any other
APU. Based on such empirical evidence, it should be decided how
much heterogeneity can be tolerated. Only then can a decision
rule be made. If many strata are heterogenecus, a readjustment
of the strata boundary may be necessary.



TABLE 1.— MEAN, STANDARD DEVIATION, AND CV OF AGRICULTURAL

DENSITY IN APUs AND REFINED STRATA

Standard

' ov

.78

APU Refined strata Mean deviation \
1 Dnepropetrovsk .0.83 0.26 |0.313
Zaporozhye .85 .20 .235
. ] Odessa .83 .25 .301
Nikolayev .89 .20 T .225
Kherson .78 .30 . 385
Krym .78 .27 . 346
Total: .819 .256 .313
2 Zaporozhye .92 .06 . 065
Dnepropetrovsk .79 .29 .367
Rostov .78 .25 .321
Ternopol .91 .15 .165
Khmelnitski .94 .10 .106
Zhitomir .94 .12 .128
Vinnitsa .93 .16 171
Kiyev .69 .26 377
Cherkassy .80 .28 . 350
Kirovograd .97 .10 .103
Poltava s .83 .24 . 289
' Sumy .90 .18 .200
Chernigov .81 .24 ~ 296
Moldavia .89 .19 .213
OCdessa .91 .17 .187
Nikolayev .97 .07 .072
Donetsk .76 25 +329
Kharkov «75 .25 .333
Voroshilovgrad .65 .29 .446
Belgorod .79 .23 .291
Voronezh .23 .295




TABLE 1l.— Continued,

APU Refined strata Mean z::ggizgn cv
2 Kursk 0.78 0.26 0.333
Total: .833 .237 .284
4 Lvov .63 .25 .397
Ivano-Frankovsk .70 .26 .371
Ternopol .76 .18 .237
Chernovtsy .60 .31 .517
Total: . 651 .263 .404
5 Voiyn .68 .25 .362
Lvov .52 .28 -538
Rovno .62 .27 -.435
Khmelnitski .50 .35 .700
Zhitomir .71 .28 .394
Kiyev .51 .30 .492
Total: .655 .283 -432
6 Volyn .39 .24 .615
Rovno .27 .22 .815
Brest .39 .23 .590
Zhitomir .18 .13 722
Gomel .48 .31 .646
Chernigov .60 .30 .500
Bryansk +70 .28 .400
Mogilev .68 .30 .441
Smolensk .76 .23 «303
Minsk .49 .30 .612
Sumy .54 .29 . 537
Belgorod .78 .26 .333
Voronezh .72 .27 .375
Kursk .79 .24 .304
Orel .92 .16 .174




TABLE l1l.— Continued.

APU Refined strata Mean ggsﬁgiign cv

6 | Lipetsk 0.87 0.21 0.241

Total . 770 «289 -|. .376

7 Latvia .77 .32 .416

Grodno .78 .27 .346

| Minsk .64 .29 .453

Mogilev .66 .34 .515

Vitebsk .58 .34 .586

Smolensk .72 .28 .389%

Lithuania .56 .32 . 571

Bryansk .59 .28 .475

Kursk .86 .18 .209

Orel .89 .23 .258

Kaluga .45 .28 .622

Lipetsk .96 .11 .115

Tula .97 .10 .103

Ryazan .97 .08 .082

Total: . 737 .308 .418

8 Smolensk .61 . 29 .475

Kalinin .37 .36 .632

Moscow .66 .34 . 515

Yaroslavl .29 .23 .793
Novgorod 0 0

Kaluga .56 .31 .554

| Tuia .75 .25 .333

Ryazan .96 .12 .125

Orel .81 .28 . 346

Total: .636 .335 .527

9 Brest .74 .29 .392

Minsk .78 .29 .372




TABLE 1.— Continued.

APU Refined strata Mean g;zigiign cv
9 | Grodno | o.78 | 0.28 }o0.359
Lithuania .78 .29 .372
Kaliningrad .76 .28 .368
Total: .766 .286 .374
10 Latvia .54 .37 .685
Lithuania .82 .25 .305
Total: .726 .324 .447
11 Pskov .66 .38 .576
Kalinin «73 .37 .507
Total: .681 .378 .556
12 Latvia .41 .32 .780
Estonia .45 .36 .800
" Pskov .56 .38 .679
Novgorod .34 .31 912
Leningrad .42 .35 .833
Karelia 0 - 0
Total: .456 .359 787
13 Rostroma 23 22
Ivanovo 0 0
Yaroslavl .42 .35
Vologda .35 .31
Kalinin .49 .34
14 Vologda .26 .25 .962
Kostroma .69 .38 .551
Arkhangelsk .23 .23 1.000
Komi .40 .25 .625
Kirov .57 .31 544
Total: .426 .339 4 .797

10




TABLE 1l.— Continued.

Standard

APU Refined strata Mean deviation cv
15 Ryazan 0.66 0.32 0.485
‘Gorki .63 .32 . 508
Mari .53 .32 . 604
Ivanovo .39 .30 .769
Moscow .27 .22 . 815
Kostroma .40 .33 . 825
Vladimir .51 .36 .706
Yaroslavl .48 .33 . 688
Total: .523 .342 . 654
16 Bashkir .48 .36 . 750
Gorki .68 .31 . 456
Kirov .73 .27 .370
Mari .63 «33 .524
Udnaurt .62 .33 .532
Perm .66 .29 .439
Ryazan .85 .26 .306
Mordva .52 .32 .615
Lipetsk .96 .11 .115
Penza .35 .26 . 743
Chuvash .67 .31 .463
Tatar .71 .29 .408
Tambov 1.00 0 0
Total: +659 .321 .487
17 Rostov .66 .39 .591
Mordva .76 .31 .408
Tambov .85 .25 . 294
Lipetsk .81 .27 .333

11




Standard

APU Refined strata Mean deviation| CV i
17 Penza o 0,72 0.31 0.431 |
Voronezh .75 .26 . 347
- Saratov .79 .24 .304
Volgograd .78 .24 .308
Ulyanovsk .53 .34 .642
Ryazan 1.00 0 1o
Total: .775 .275 . 355
18 Chuvash .85 .25 .294
Tatar .81 .25 .309
Ulyanovsk .54 .30 .556
Penza .41 .31 .756
Saratov .50 25 . 500
Kuibyshev .47 .25 .532
Totals: « 577 .307 +532
19 Kuibyshev .89 .16 .180
Uralsk .62 .27 .435
Saratov .77 .21 .273
Volgograd .70 .27 .386
Total: .671 . 295 .440
20 Rostov .83 .24 . 289
Volgograd .76 .28 . 368
Voroshilovgrad .83 .14 .169
Total: .814 .249 . 305
21 Saratov .47 .33 . 702
Volgograd .61 .31 .508
Total : .598 .314 .525
22 Volgograd .36 .20 .556
Uralsk .20 .07 .350

12




TABLE 1.— Continuedqd.-

APU Refined strata Mean 'gzgggiign cv
22 Ralmyk 0.17 0.19 1.118
| Astrakhan .23 .24 - |1.043
Total: .209 .220 1.054
23 | Axtyubinsk .27 .28 | 1.037
Rustanai .66 .34 .515
Orenburg .36 .29 .806
Saratov .75 .23 . 307
Volgograd .86 .23 . 267
Uralsk .47 .26 .553
Total: .480¢ 341 .711
24 Orenburg .68 .31 .456
Bashkir .55 .34 .618
Kuibyshev .61 .26 426
Ulyanovsk .65 .31 .477
Tatar .64 .27 .422
Total: .633 .305 .482
25 Orenburg .63 .33 .524
Saratov .66 .27 .409
Kuibyshev .80 22 275
Uralsk .52 .31 .596
Total: .696 .294 422
26 Volgograd .87 .21 241
Rostov .77 e 22 .286
Kalmyk .49 .34 .694
Stavropol .72 .33 .458
Dagestan .45 .31 .689
Total: . 648 .335 .517
27 Rostov .93 .12 .129
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TABLE 1l.— Continued.

APU Refined strata Mean gzsggiggn Ccv
27 Stavropol 0.86 0.19 0.221
Adygeil .68 .30 .441
Krasnodar .80 .24 .300
Total: .823 .231 .281
28 Krasnodar .82 .17 . 207
Karachayevo-Cherkess .57 .36 .632
Stavropol .83 «23 277
Rostov .99 .03 .030
Kalmyk .68 .34 .500
Kabardino-Balkar +73 32 .438
Severo-Osetin .67 .29 .433
Checheno—-Ingush .57 .28 .491
Total: . 765 .g79 .365
29 { Yugo-Osetin .45 .29 .644
Georgia .22 .20 .909
Aterbaijan .56 .32 .571
Nagorno—-Karabakh .25 .27 1.080
Total: .493 .328 .666
30 Karakalpak .33 22 «667
Tashauz .20 .18 .900
Khorezm .25 .14 .560
Total: .471 .347 .736
31 Aktyubinsk .33 .26 .788
Chelyabinsk .58 .35 .603
Orenburg 39 ‘32 .821
Bashkir .47 .34 .723
Total: .468 .343 .732
32 Kustanai " .60 .34 .567
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TABLE 1.— Concluded.

APU Refined strata Mean gzsgiiign v
32 Chelyabinsk 0.76 0.23 0.303
Total: .622 .332 .533
33 Bashkir .50 .32 .640
Tatar .55 .30 .546
Total: .516 . 315 .609
34 Kokchetav .90 .16 .178
Kustanai .65 .32 .492
Severo-Kazakhstan .49 .33 . 653
Rurgan .33 .28 . 849
Chelyabinsk .42 .35 .833
Total: .533 .343 .643
35 Turgay .64 .37 .578
Tselinograd .51 .38 . 745
Kokchetav .40 .35 .875
Kustanai .48 .36 .750
Karaganda .63 .30 .476
Pavlodar .44 - 26 .591
Total: . 547 .368 .672
36 Bashkir 37 .33 . 892
Sverdlovsk 73 .31 425
Total: .559 -367 .656
37 Onmsk .78 .30 .385
Pavliodar .73 .30 411
Kokchetav .53 .37 .698
Severo-Kazakhstan .59 .34 .576
. Total: .467 -.419 .897
39 Perm .67 .32 .478
sverdlovsk .81 .29 .358
Total: .760 .308 .406
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2.2 CORRELATION TEST

The coefficient of correlation between county-level agricultural
density (as determined from Landsat imagery) and wheat density
(in 1976 SRS report) was computed for 43 refined strata in six
U.8. Great Piains states: Texas, Oklahoma, Kansas, Nebraska,
South Dakota, and Minnesota. Each estimate was tested for its
significant difference from zero at a significance level of 0.05.
The results are presented in table 2,

Table 2 shows that the county-level agricultural and wheat den-
sities are often uncorrelated; they are correlated in only eight
strata out of a total of 43. Most of the refined strata, then,
cannot be expected to be homogeneous with respect to wheat den-
sity. Thus, the current agrophysical strata or refined strata
may not fulfill the requirement of the new sampling strategy.

Agricultural density was used as one of the stratification
variables in defining the agrophysical strata. Such strata

may be homogeneous with respect to agricultural density but

not with respect to wheat density. If segment-level wheat and
agricultural densities in a stratum are highly correlated, then
the stratum can be expected to be homogeneous with respect to
segment-level wheat density whenever it is homogeneous with
respect to segment-level agricultural density. Since segment-
level agricultural density data are not available in distin-
guishable form, the correlation coefficient of segment-level
wheat and agricultural densities cannot be estimated. However,
the correlation coefficient can be estimated from county-level
data. The segment- and the county-level correlation coefficients
will be the same if the wheat and agricultural densities are
equally correlated in all counties in the same refined stratum.
In a homogeneous'stratum, county and segment level correlation
can be expected to be equal.
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TABLE 2.-— COEFFICIENT OF CORRELATION BETWEEN COUNTY-LEVEL

WHEAT AND AGRICULTURAL DENSITY

Refined stratum - Correlation | Number of Siggiiigant
State APD coefficient | counties (level 0,05)
Texas -0.02 9 No
2 -.71 No
5 .39 10 No
1-1 -.36 14 No
4 .39 22 No
Lower .06 14 No
Lower -.30 6 No
9 -.24 6 No
Oklahoma 9 -1.00 2 No
Upper -.46 11 No
7 -.59 22 Yes
3 -.25 5 No
1-2 -.43 34 Yes
Kansas 9 .45 13 No
8 .81 8 Yes
Upper -.32 3 No
7 .41 9 No
1-2 -.39 7 No
13 .06 18 No
14 .61 i1 Yes
12 .63 16 Yes
15 -1.00 2 No
11 -.05 18 No
10 0 1 No
Nebraska 1l .65 15 Yes
15 .30 49 No
14 .05 10 No
10 .81 7 Yes
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TABLE 2.— Concluded.

Refined stratum Correl_,ai.:ion Numbel-: of Siggéﬁigant
State APU coefficient | counties (level 0.05)
Nebraska 1-4 0 1 No
17 1.00 2 No
le .35 No
1-3 .51 14 No
South Dakota | 1-4 .67 5 No
17 .05 10 No
16 .006 21 No
15 -.56 7 No
18 .85 5 No
21 1.00 2 No
19 .16 12 No
Minnesota 19 .72 16 Yes
15 .41 16 No
20 .67 12 Yes
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2.3 VARIANCE REDUCTION TEST FOR COMPARISON OF TWO STRATIFICATIOQONS

The between-strata sum of squares of county-level agriculture
density (as determined from the Landsat imagery), county-level
wheat density (as in the 1976 SRS report), and county-level

yield (as .in the 1976 SRS report) are computed for the agro-
physical stratification of each.state and for the administrative
stratification of each state (into CRD strata). This is repeated
for six states in the U.S. Great Plains (Texas, Oklahoma, Kansas,
Nebraska, South Dakota, and Minnesota). The results are pre-
sented in table 3.

With respect to wheat density, the agrophysical stratification

is uniformly better than the CRD stratification in all six states
because it has a larger between-strata variation than the CRD
stratification. The between-strata sum of squares of agricul-~-
tural density in CRD strata is larger than that in the APU

strata only in Minnesota. With respect to agricultural density,
then CRD strata may be more homogeneous than the refined strata
in Minnesota only. With respect tc yield, the CRD strata may

be more homogeneous than the refined strata in Texas, South
Dakota, and Minnesota.
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TABLE 3.— BETWEEN-STRATA VARIATIONS OF CRD _—
AND AGROPHYSICAL STRATIFICATIONS

(a) County agricultural density.

[Relative difference =4(APU - BSS) - (CRD - BSS)}+ (CRD - BSS)]

; Relative .
Texas 2.6405 1.5115 0.7469
Oklahoma 1.8797 1.6136 .1649
Kansas 1.1350 .1808 5.2776 .
Nebraska 3.3260 2.8884 .1515
South Dakota 3.1952 2.7640 L1560
Minnesota .1224 3.4307 -.9643
(b) County wheat density.
_ _ Relative
State APU BSS CRD BSS difference
Texas 0.1870 0.1144 0.6346
Oklahoma 1.4420 1.2840 .1231
Kansas .7770 .7549 .0293
Nebraska .1658 .1361 .2182
South Pakota .0994 .0841 .1819
Minnesota .3641 .2969 .2263
(c) County vield.
_ Relative
_State APU BSS CRD BSS difference
Pexas 2033.3372 2446.8123 -0.1690
Oklahoma 647.5715 537.0007 .2059
Kansas 2366.9094 1236.7139 .9139
Nebraska 1925.0559 851.1799 1.2616
South Dakota 1104.0264 1223.3467 -.0975
Minnesota 1653.4575 3047.5610 -.4574
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3. APPORTIONING PROCEDURE EVALUATION

3.1 APPORTIONING PROCEDURE

In estimating current-year wheat area in a refined stratum from
Group B, according to the new (second-generation) sampling
strategy, one has to know the epoch year's wheat area in the
refined stratum. Since this information is not directly avail-
able from the census, the SRS, or the Foreign Agricultural
Service (FAS), it is obtained from the state's or the oblast's
wheat area in the epoch year by the apportioning procedure.
According to the apportioning procedure currently in use, the
estimate of the stratum's wheat area in the epoch year is given
by the formula,

stratum _ stratum agricultural area (époch year state);

wheat area =~ state agricultural area wheat area

where the agricultural area is estimated from the Landsat
imagery. It has been assumed that the precision of the estimates
of wheat area and variance from Group B strata will increase
with the increase in the accuracy of the apportioned estimates.
If this assumption is valid, then once an epoch year has been
selected, a good apportioning procedure is expected to give
apportioned estimates close to the true epoch year wheat area in
the strata.

3.2 PERFORMANCE EVALUATION

In order to evaluate the pexrformance of the current apportioning
procedure, the following test was conducted. County wheat areas
in 1976 as given by the SRS were used as the epoch year data.
Exact wheat area in the epoch vyear in a state or a CRD was
obtained by adding the wheat areas in all counties in the state
or the CRD. The CRD and the state wheat areas were determined
for six U.S. Great Plains states (Texas, Oklahoma, Kansas,
Nebraska, South Dakota, and Minnesota). Agriculture area in
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each county in those states was estimated from the Landsat
imagery. The current apportioning procedure was used to esti-
mate the CRD wheat area from the'state wheat area and state and
CRD agriculture area. The apportioned estimate in each CRD was
compared with the true area, and their relative difference was
computed by the following formula:

Relative difference = (Apportioned - True)/True.

The results of the test are presented in table 4. These results
show that the current apportioning procedure is not performing
well. The apportioned estimates are sometimes overestimates

and sometimes underestimates. The deviation of the estimates
from the true area is often large and in some cases (5 out of 49}
very large.
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TABLE 4.— 1976 SRS AND APPORTIONED WHEAT AREA ESTIMATES
FOR CRD STRATA

. . Apportioned .
state | Cw | Jrae vheat || wheat | | aifterence
Texas 1 427.4 615.5 0.44
2 553.8 454.9 -.18
3 467.2 501.2 .07
4 460.3 518.2 .12
5 448.7 885.6 .97
6 1676.3 1058.3 -.36
Oklahoma 1l 747.0 1175.7 .27
2 1981.0 1175.7 -.41
3 150.1 342.9 1.28
4 1026.0 776.8 -.24
5 796.0 748.8 -.06
6 18.3 342.9 17.74
7 1388 1098.7 -.21
8 106.5 468.8 3.40
9 8.6 91.0 9.58
Kansas 1 1177.0 1016.1 -.14
2 1404.0 1203.9 -.14
3 414.0 872.5 1.11
4 1160.0 1154.2 -.01
5 1921.0 1209.4 -.37
6 516.0 1209.4 1.34
7 1126.0 1546.3 .37
8 2656.0 1562.8 ~. 41
9 726.0 1325.4 .82
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TABLE 4.— Concluded.

Apportioned .
State | OO | (TG00 eres) | (qpouSotes, | ALfference

Nebraska 1 910.0 477.2 -0.48

2 11.8 420.6 34.65

3 22.0 351.7 14.99

4 517.7 355.2 -.31

5 100.0 332.3 2.32

6 305.0 355.2 .16

7 330.0 201..5 -.39

8 596.0 2988.7 ~.50

South Dakota 1 511.4 499.6 -.02

2 939.6 432.4 -.54

3 512.9 310.0 -.40

4 250.4 406.8 .62

5 347.7 361.3 .04

6 93.5 272.5 1.74

7 118.4 185.6 .57

8 227.9 341.6 .50

9 56.7 254.7 3.49

Minnesota 1 1869.5 1154.0 -.38
' 2 0 0 0
3 0 0 0

4 1078.4 886.8 -.18

5 276.9 ge6.8 2.20
6 0 0 0

7 181.2 494.0 1.73

8 92.5 76.9 ~-.17
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4. EVALUATION OF THE NEW SAMPLING STRATEGY AGGREGATION PROCEDURE

o

4.1 SIMULATION TECHNIQUE -

The new sampling strategy provides wheat area and production
estimates with preassigned precision only if the three require-
ments {good stratification, good apportioned estimate, and good
CAMS estimates) are met. Because it is impossible to meet all
the reguirements in any country, including the United States, the
aggregation procedure is best evaluated by the simmlation tech-
nigue.

The evaluation plan includes the simulation of a state with 10
refined strata. 1In each stratum, the actual wheat area in each
segment is obtained as a normal random number from a normal
population; the mean and the variance of the population deter-
mine the mean and variance of the per-segment wheat area in the
stratum. For each stratum, two different sets of normal random
numbers are generated. Each set has different populaticn mean
and variance; one set corresponds to the epoch year data and the
other to the current year data. Epoch year data are used for
sample segment allocation and estimation in Group B strata.

From the current year data in each stratum, the allocated number
of normal random numbers is randomly selected. These numbers
represent the CAMS error-free estimate of wheat area in the
sample segments. These error-free CAMS estimates are used to
obtain the state wheat area estimate by the new sampling strategy
aggregation procedure. Then, the estimates of wheat area and
variance are compared with the actual wheat area and the actual
expected value of the sampling variance. The respective mean
and standard deviations of segment wheat proportions in each

stratum are as follows.
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Number of Epoch year Current year
Stratum | agricultural

segments Mean Stangard Mean Standard

1 300 0.7321 0.2314 0.70 0.251
2 200 .+3575 .1351 .38 142
3 250 .2646 .1422 .30 .153
4 225 .4896 .1821 .47 .201
5 150 .2043 .1135 .17 .109
6 125 .1538 . 0953 .18 112
7 100 .1938 .0812 .12 .081
8 50 .0835 . 085 .09 .091
9 75 .0972 .1012 .08 .121
10 20 0714 .1211 «05 . 095

The simulated state is shown in figure 1. The results of wheat
area and variance estimates in each stratum obtained by means of
the new sampling strategy are given in tables 5 and 6. Because
of a2 time constraint, only two runs were made, each with a dif-
ferent number of sample segments.

Figure 1l.— Simulated state.

26



LZ

TABLE 5.— RESULTS OF WﬁEAT AREA ESTIMATES OBTAINED BY MEANS OF THE
NEW SAMPLING STRATEGY

Stratum ggﬁpgg Wheat area, wﬁ:;tnggg' Relative ggﬁpiz Wheat area, wﬁzgtmggzg, Relative
segments acres acres difference | segments acres acres difference
uged used

1 17 4 609 448.0 4 941 638.0 0.072 15 4 609 448.0 5 138 678.0 0.115
2 15 1 951 588.0 1 591 353.0 -.185 6 1 951 588.0 1 660 344.0 -.149
3 26 1 948 183.0 2 050 491.0 .053 11 1 948 183.0 2 160 087.0 -109
4 17 2 752 359.0 2 841 288.0 .032 7 2 752 359.0 3 014 118.¢0 .095
5 16 726 440.0 731 B802.9 . 007 6 726 440.0 788 218.5 -085
6 7 595 715.1 631 119.4 . 059 3 595 715.1 809 407.9 .35¢
7 4 324 441.9 235 830.0 ~-.273 1 324 441.9 399 015.4 +.230
8 i 152 013.90 86 864.9 -. 429 0 152 013.0 146 075.5 -.039
9 6 244 102.4 214 853.2 ~-.120 2 244 102.4 244 725.6 .003
10 6 230 067.0 147 981.7 =-.357 2 230 067.0 156 218.9 -.321

Total 135 12 938 643.4 | 13 473 219.0 53 12 938 643.4 14 516 885.0
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TABLE 6.— RESULTS OF VARIANCE ESTIMATES OBTAINED BY MEANS OF THE
NEW SAMPLING STRATEGY

No. of Estimated True No. of Egtimated True
Stratum sample vhaat sampling Relative sanple wheat sampling Relative
segments varianca, variance, difference segnants variance, variance differance
uned acres? acres® uged acres? acr932

-1 37 78 483 x 10% | 10 921 x 108 6.186 15 175 187 % 10% | 29 194 x 10% 5.001
2 15 28 433 60 290 -.528 6 34 547 158 059 ~.781
3 26 32 240 32 420 -.006 11 81 062 81 760 .016
4 17 67 744 36 862 838 7 108 621 93 826 158
5 16 B 575 28 330 -.697 6 32 570 81 187 -.599
6 7 18 743 12 B9¢ .451 3 63 581 31 112 1.044
7 4 1 744 16 648 -,.895 1 673 &8 677 ~.990
8 1 50 7 684 . -.993 0 1119 0 -
9 6 1l 839 3 292 ~. 441 2 4 547 10 452 ~-,565

10 6 2 114 5 612 -.623 2 753 17 638 -.957

Total 135 241 529 214 955 53 555 347 571 905
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4.2 AGGREGATION PROCEDURE

Aggregations were performed in the states of Kansas and North

Dakota and in the oblasts of Kurgan, Kustanai, and Tselinograd.

Second—generation sampling strategy aggregation formulae were

used as documented in the LACIE Level 3 baseline requirements

document (ref. 1) for the Crop Assessment Subsystem (CAS). In-'

puts to the aggregation formulae are as follows:

a.

b.

Allocation and segment selection.

Wheat estimate for each allocated segment. If an allocated
segment has no wheat estimate, no estimate is used in the
aggregation. A zero-percent wheat estimate is included in

the aggregation.
Historic wheat acreage for each stratum.
Per-segment wheat proportion for each stratum.

Number of segments with at least 5-percent agriculture in
each stratum.

List of adjacent refined strata in a political subdivision.

Yield and yield variance.

The allocation data sets are defined as follows:

D

NEW — Allocations for both the United States and the U.S.S.R.
were performed, using the second-generation allocation methods
described in reference 1. Segments chosen specifically for
this allocation are referred to as second-generation segments
in text and "NEW" in the tables and figures.

MIX — Because the number of second-generation segments that
CAMS could process was limited, a scheme was devised for ful-
filling the second-generation allocation requirements (see
appendix A) by using a mixture of first- and second-generation
segments. This choice of segments for the United States is
referred to as "mixed” in text and "MIX" in the tables and
figures.
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® NSS —~ No second-generation segments were procedsed in the
U.S.8.R. The mixed segments are a subset of the first-
generation segments and are referred to as "NSS" in the tables

and figures.

® OLD — Aggregations of all available first-generation segments
using second-generation formulae are referred to as "OLD" in

the tables and figures.

© CAS - Aggregations using Phase IIT (first-generation) formulae

. and first-generation segments were made by CAS and are there-
fore referred to as "CAS." The segment estimate histories )
for all segments used in these aggregations are given in

L]

appendix B.

4.2.1 AGGREGATIONS IN KANSAS AND NORTH DAKOTA

4.2.1.1 Allocation

The allocation of sample segments to the states of Kansas and
North Dakota and their refined strata (uniyersal strata inter-
sected with political subdivision boundaries) is reported in
reference 2, and the number of segments allocated to each area
is given in the aggregation report (appendix C). The sample
segments used in the mixed aggregations are given in appendix A.
{The segment numbers for Kansas are taken from reference 3 and

for North Dakota from reference 4.)

4.2.1.2 Wheat Estimates

Ratioed wheat estimates from CAS area estimates and Landsat
acquisition data (LAD) report are used for first-generation
segments. Winter wheat estimates are given for Kansas and
spring wheat estimates for North Dakota. The winter wheat to
winter grain ratio of 1.00 was used to determine winter wheat
estimates in Xansas.l The ratio was applied to CAMS small grain

l‘I'he rat16 of 1.00 was recommended by C. R, Hallum of NASA/JSC.
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estimates for second-generation segments'that were. not ‘ratioed

'by CAS. In North Dakota, the spring wheat to sPring grain ratios
for each first-generation segment were retrieved from the Hlstor-
ical Ratio Data File Generatlon/Dlagnostlc Listing 77US6 HlStOIY
File Dump provided by CAS. This data dump lists flrst~generat10n
segment numbers and their respective ratios. &a second-g;neraglon
segment was assigned the same ratio as a firs*-generatio? segment
_in the same county (see appendix D for the second-generatlon ratlo
list). The appropriate ratio was applied to second—generatlop -
segments prior to aggregation. J !
Throughout the year, several first-generation segments were
dropped from the LAD report and CAS aggregations because'of
screening, thresholding, and deletion procedures. The sggmen?s
were also omitted from the aggregations of the second-generatjon
sampling strategy. The procedures were not applied to sécond—
generation segments. Screening, thresholding, and deletlon of

segments are indicated in the segment history by s, T, and D
respectively.

The historic wheat acreage was ratioed from the 1974 state census
wheat figure using the formula,

refined stratum _ state wheat acres refined stratum
wheat acres state agricultural acres agricultu;gl acre.

The agricultural areas were generated to support the al%?catégn
report (ref. 2) bhased on the raw data in reference 5, a 1isting
of agricultural percentages per segment. The segment proportlon
variances are taken from the allocation report (ref. 2). The,
number of agricultural segments is taken from referencei5. Ap
agricultural segment 1s defined as being one with more than ‘

5 percent agriculture.
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4,2.1.3 Adjacent Refined Strata

The following tables of adjacent refined strata were determined
from the U.S. Great Plains universal strata map current in
March 1977. An "X" indicates adjacent strata.

KANSAS
STRATUM 12|16 (7 |8 |9 (1011|1213 )14 |15
1-2 X X | X
6 X1 XX
71X |X X X
8 XX X X X
9 X X X I'X
10 X X
11 XX | X X
121X X1 X X | X | X
131X X X
14 X {X
15 X | X
NORTH DAKOTA
STRATUM 19120 21| 22
19 X | X
201X | X
21 | X X 11X
22 XX

32



4.2.1.4 Yield

The following yield figures from the Center for Climatic and
Environmental Assessment (CCEA) are provided by the USDA in

bushels per acre.

State Date CCEA yield, CCEA yield variance,
bu/acre bu/acre2
Kansas | June 28.3 7.9524
July 28.8 7.7841
August 28.8 7.7841
September 28.8 7.7841
October 28.8 7.7841

The CCEA yields are state level (Kansas).

-

Feyerherm yield figures, provided by the USDA for Kansas at
the refined stratum using information available up to July for

all the Feyerherm yield runs, are as follows:
state | Siramam | Date | FO¥OLNomn areld Y e iy acre
Kansas 1-2 July 39.4 29.574
Ransas 6 July 22.1 18.508
Kansas 7 July 32.7 17.238
Kansas 8 July 24.3 25.510
Kansas 9 July 22.8 14.562
Kansas 10 July 21.6 11.967
Kansas 11 July 24.1 12.263
Kansas 12 July 29.6 19.314
Kansas 13 July 35.2 15.688
Kansas 14 July 32.0 20.635
Ransas 15 July 31.3 32.568
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Yield figures for the two CCEA strata that intersect refined

strata are as follows:

CCEA yield

Refined Yield Date CCEA yield, variance,

stratum stratum. bu/acre bu7acre2
ND 19 Y1 August, December 19.5 14.44
ND 19 Y2 August, December 31.4 12.96
ND 20 Y1l August, December 19.5 14.44
ND 20 Y2 August, December 31.4 12.96
ND 21 Y1l August, December 1%8.5 14.44
ND 22 Y2 Auqust, December 18.5 12.9%6

4.2.2 AGGREGATIONS IN KURGAN, RUSTANAI, AND TSELINOGRAD

4.2.2.1 Allocation

The allocation of sample segments to each of the three oblasts
in the U.S.S.R. and their refined strata is reported in refer-
ence _6. The number of segments allocated appears on each
aggregation report sheet in appendix C. The subset of first-
generation segments used in the "NSS" aggredatiohs was reported
in reference 7 (see appendix A). Each segment was assigned to
a refined stratum by maximizing the segment area in a refined
stratum. The segments were chosen at random from the first-
generation segment set. If not enough first-generation segments
were available to £ill the allocation in a refined stratum, the
remainder were chosen from second-generation segments. However,
since no second-generation segment estimates were received, the
mixed set defaulted to a subset of o0ld segments.

4.2.2.2 Wheat Estimates

Ratioed spring wheat estimates from the CAS area estimates and .
' 1AD report (appendix B) were used. (Note that the LAD report
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contains only first-generation segments.) Aggregation dates
follow the LAD dates; segment estimates up to that date are
included.

Discrepancies were noted and resolved as follows:

® Segment 8090 was aggregated with Kurgan and listed in stratum
KUR 11. It appeared in the LAD report under Kustanai.

@ Segments 8115, 8306, and 8316 are categorized with the non-
agricultural refined strata in Tselinograd and were not in-
cluded in the September and October aggregations.

Historic spring wheat was computed using 1971 fiqures provided
by USDA for each oblast. The formula,

agricultural acres acres wheat in oblast .. acres wheat in
in refined stratum agricultural acres in oblast refined stratum

was solved for wheat acres in each refined stratum using the 1971
historic wheat provided by the USDA and the agricultural acres for
the allocation report (ref. 6). The segment proportion variances,
taken from reference 6, were computed in accordance with the CAS
Level 3 baseline requirements. The number of agricultural seg-~
ments, a list of per-segment agriculture percentages at the re-~
fined strata level, was also taken from reference 6. A segment
was considered to be an agricultural segment if at least 5 percent
was agricultural.

The data base resulting from the historic wheat estimates, the

segment proportion variances, and the number of agricultural
segments is as follows.
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Sefined | istoric | proportion | sgricuiiural
varliance segments

KUR 9 3 006 099 0.0182 76

KUR 11 2 381 175 .0078 143

KST 8 4 019 453 .0423 510

RST 9 4 217 131 .0038 493

TSL 3 20 697 .0015 g

TSL 4 48 293 .0099 11

TSL 7 3 568 750 .0143 110

TSL 8 3 021 176 .0500 574

4.2.2.3 Adjacent Refined Strata

The tables of adjacent refined strata were determined from the
version of the U.S.S.R. spring wheat indication region that was
current in March 1977.

————
————e——

KURGAN KUSTANAI

STRATUM | 9 | 11 STRATUM [ 8| ¢
9 X 8 X
1M | X 91 X

———

_TSELIMOGRAD -

STRATUM [ 3 |4 |7 |8
3 XXX
41X X
71X | X X
811X X
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In Tselinograd, only stratum 8 was Group A.- Strata 7 and 3
adjoin 8; stratum 4 does not. However, to provide a Group A
stratum for use in the calculation of the ratio estimate for

stratum 4, strata 8 and 4 were labeled as touching.

4.2.2.4 Yield

The following CCEA yield figures were provided by the USDA in
quintals per hectare.

Oblast Date Yliig, Yield var;ance,

! q/ha

Kurgan Aug. 12.9 7.84
Sept. 12.9 7.84

Oct. 11.6 6.25

Kustanai Aug. 4.5 5.29
Sept. 4.8 | 3.24

Oct. 4.8 3.24

Tselinograd | Aug. 5.1 5.76
Sept. 5.1 3.61

Oct. 5.1 3.61

Because yield figures were available only at the oblast level,
the production calculation was reduced to

Production = area x yield

. . - 2 .
Production variance = (area) X area variance

|

+ {yield)2 x area variance

- area variance X yield variance
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Area was converted to hectares (2.471 acres = 1 hectare), and
production was converted to metric tons (10 quintals-= 1 metric

ton) .

4.3 AGGREGATION RESULTS

Tables 7 to 12 and figures 2 to 7 present the aggregation results.
The tables display end-of-season results, and the figures show
the development of the estimates throughout the growth season.

4.3.1 WHEAT ESTIMATES

To ensure uniformity of fhe input data, identical CAMS process-—
ing procedures were requested for first- and second-generation
segments before the study began. Because of operational diffi-

culties, this requirement was not met.

First—-generation sample segment wheat estimates were updated
throughout the growing season. Hence, the monthly aggregations
reflect the real-time changes in the wheat estimates. Second-
generation segments were updated less frequently.

Tables 7 and 8 chart the segment update histories for Kansas and
North Dakota, respectively. An examination of the tables shows
that the second-generation segments were updated much less
frequently than the first—-generation.

a. Estimates for Kansas were provided in June and updated
considerably for the July aggregation (table 7). One more
segment was received in September, but the most appropriate
date for comparisons of area estimates is July (fig. 2).
Figure 3 gives the production estimates for Kansas (old,
mixed, and new segments).
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TABLE 7.— COMPARISON OF SAMPLE SEGMENT ESTIMATE ACQUISITION

AND UPDATES FOR STRATEGIES IN KANSAS -

. No. of segments No. updated - No. deleted No. added
Date ,Strategy used in from previous from previcus from previous.
T allocation aggregation aggregation aggregation

6/8 cas . 112 o 0 i 0
OLD ©o112 v} ‘o 0

MIX 67 0 0 0 )
NEW 49 0 t] 0
7/13 CAS 111 41 4 5
OLD 111 41 4 5
MIX 75 21 9 i
NEW 74 8 o 25
8/10 CAS 113 30 o 2
OLD 113 30 0 2
MIX 76 17 0 1
NEW 74 0 0 0
9/19 CAS 107 i3 2 8
OLD 107 i3 2 8
MIX _ 70 10 7 1l
NEW 76 0 0 2
10/11 CAS 108 35 0 1
OLD 108 35 0 1
MIX 70 15 0 0
NEW 76 0 4] 0
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TABLE 8.— COMPARISON OF SAMPLE SEGMENT ESTIMATE ACQUISITION

AND UPDATES FOR STRATEGIES IN NORTH DAKOTA

No. of No. updated | No. deleted No. added
Date | Strategy Siglggmi:i prgfr?gus pfifr?.rgﬁs prgfr?.rgus
aggregation | aggregation | aggregation | aggregation
8/10 CAS 60 0 0 ¢
8/10 MIX 51 0 0 0
8/10 NEW® 34 0 0 0
9/9 CAS 60 20 16 16
9/9 MIX 47 19 10 6
9/9 NEW™ 34 0 0 0
10/11 CAS 70 11 0 9
10/11 MIX 51 16 0 4
10/11 NEW® 34 0 0 0

%Phe NEW strategy was not updated.

40




WHEAT AREA, MILLION ACRES

-
FY
[~}

Py
[A]

-
N

-
=

ey
[=]

O = M WA B . N @ 0@ % N WA N D W B L O NUWU A GD N ® R D =N W AT N® W@

'Figure 2.— Area

estimates for Kansas.

41

T ] I
_ ) ; i . L !
.a Ty
| & ! © K ol
T & & L o # || 5
—_— , 1 A
B 1L A - X R L
1T &
© -
1 .
[ £ Ar 1
1
< ?A@E B
i GINP’L T
J O? pOOR Q'UP’L‘.
- 4 o
6/8 71 8/11 9/13 10/11
LEGEND - -
i sms
CAS
C oLb
A mmx
QO New
— ONE 5TANDARD
ERROR ARCUND
THE ESTIMATE




WHEAT "PRODUCTION, MILLION BUSHELS

410
400
350
380
370
360
350

340

320

310

300
290

280

270

250
240

230

TT W-
T T~
¢ + !
8|4 s
# %
4 L
1]

LEGEND
#¢ sRs
cAS
& CCEA
£ FEYERHERM

— ONE STANDARD
DEVIATION
AROUND
ESTIMATE

QLD SEGMENTS

6/8 bk 8/11

(a) 01d segments.

9/13 10/11

Figure 3.— Production estimates for Kansas.
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b. North Dakota estimates were provided for the August aggre-
gation (table 8) and were updated in December (table 9).
The data set contained only 34 segment estimates out of 83
allocated. These have average wheat estimates lower than !
estimates of approximately the same Julian date and stratum
from the first-generation set. This anomaly ﬁay be due
to choice of sdmple or to differences in planting dates.
(Note that figure 4 shows low, constant NEW estimates,
reflecting the lack of updating.)

4.3.2 YIELD ESTIMATES

A study of the behavior of the Feyerherm yield model and a com-
parison of the production estimates using Feyerherm yields with
those using CCEA yields (tables 10 and 11) were proposed. The
Feverherm yvield figures were generated only for Kansas and only
for the July aggregation; they utilized meteorological informa-
tion acquired up until July. These figures were used in previous
and subsequent aggregations. The CCEA yield model figures re-
mained constant after July; so the use of July Feyerherm figures
may be acceptable. However, comparison is inappropriate because
the CCEA yield model was updated and the Feyerherm yield model
was not.

If the assumption is made that the input data to the aggregation
are comparable for all the schemes, the superior estimate will
be close to the true figure with a small CV (CV is the estimate
divided by the standard error) and will be a measure of the
variability of the estimate. The input data are not comparable
because of the éifference_ip segment processing and yield model
generation. In the United States, the SRS estimates are the
ground-truth standard; no such standard is currently available
for the U.S5.5.R. The FAS estimates are comparable to the SRS in
scope but are not currently available. Relative dafference was
computed in the United States for all estimates relative to the

SRS (tables 10 and 11).
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TABLE 9.- SUMMARY OF DECEMBER AGGREGATION RESULTS FOR

NORTH DAKOTA USING THE CCEA YIELD MODEL
. Production Area Area
Production
relative Area, standard relative
Strategy ;ii?gg:igs’ s:gggird rgguzgion difference thousand error, Czrggr difference
million bu P with respect acres | thousand with respect
to SRS acres to SRS
Mix 222 3742 1.7 =3.6 9602 434 4.5 -0.75
New 194 5663 2,9 ~18.6 8333 546 6.5 14.3
srs? 230 9530
3The SRS data were obtained in October.
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TABLE 10.— SUMMARY OF OCTOBER 11, 1977, AGGREGATION RESULTS FOR THE UNITED STATES
USING THE CCEA YIELD MODEL

Production
Production t:rgdugtian cv for rolative Aren, Area standard Area rolative
State Strategy | (millions of B(m?l?ion:r:gr production, ugi:!:::n::e thotsand error, thousand ﬁv '°" ftg’“““cﬂ
”“‘“}g}” bushels) . to SRS, § acres acres Tear "o EEE""Z"“
r Ll
{b) (c)
Kannas OLD 372 23.1 6.3 5.64 12 924 590 4.6 4 82
Kansho MIX 332 28.7 7.7 -5.72 11 914 757 6.4 ~3.40
Kanoas NEW 347 1 5 9.1 =1,15 12 448 845 6.8 i.20
Kansas CAS 365 ag s 6.6 3.83 12 669 535 4.2 ~2.91
Kansas SRS 351 12 300
dorth Dakota MIX 223 8.3 4 2 -3.04 9 644 436 4.5 1.18
North Dakota nER®
North bDakota CAS 211 27.7 5.6 -9 00 9 173 403 4.4 -3.89
North Dokota SRS 239 9 530

%o additional gagmont ostimates wexe available from August 1l to December 1977.
Bproduction using CCEA yields.

Cpalative difference =

estimate - SRS

mate

ALTTVOB 9003 ey
81 515)‘#;{ ‘Iﬁib{l{)lli(j
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TABLE ll.-— SUMMARY OF OCTOBER 11, 1977, PRODUCTION AGGREGATION
USING FEYERHERM AND CCEA YIELD MODELS

08

Payarherm CCEA T
duction
Productlion Relative Production Pro
state |strateg Prgﬂg:égn. standard error, cv for differance P’:‘g"ﬁ:ég"’ standard arror, cv for digé::rﬁ:’\ge
¥ bushels million production, % with bushels billion production, % with reapect
bushals SRS, % bushels ape
to SRS, %
Xansas oLD 359 29 7 8.3 2.23 a2 23.1 6.1] 5.64
Kansas HIX 341 3l1.2 %.2 -2.913 332 25 7 7.7 <5 72
Kansag NEW 351 41.0 11.6 57 347 31 5 9.1 -1 15
kansas CRS 365 38.5 6.6 3.83 365 38,5 6.6 R 3 83
Kansas SRS 351 - — — 151 —_— _— -
Lo
I




The desired estimates for area and production in the U.S.S.R.
(figs. 5 to 7) ideally are very close to the true figures and
have small standard errors relative to the size of the estimate.
In a few cases, such as the oblasts of Kurgan and Tselinograd
{table 12), the sample sizes are so small that the change, addi-
tion, or deletion of even one segment wheat estimate can change
the dggregated area estimates and/or standard errors appreciably.
The amount of changes in the aggregation is highly dependent upon
the actual value of the sgement wheat estimate in question. In
these oblasts, many refined strata are categorized in Group B
(they have two or fewer segment estimates). The Group B refined
strata estimates are calculated using the actual CAMS estimates
and ratios of historical wheat and wheat estimates from surround-
ing Group A strata. So, Group B refined strata estimates are
"smoothed" in a fashion. Group A refined strata with the minimal
number of segments have estimates highly dependent on the specific
value used; and in turn, these estimates affect the surrounding

Group B estimates. Variance estimates vary similarly.

4.4 INTERPRETATION OF THE RESULTS

Study of the tables, graphs, and detailed aggregation results
is inconclusive because no one strategy uniformly outperforms
another. The most obvious conclusion is that in some cases a
particular strategy is superior, and in others another strategy
is preferable. 1In other areas, all strategies tested have
equally good performance. For example, in Kustanai, all strat-
egies produce essentially the same results but differ quite a
bit in Rurgan. ' Some reasons for this difference in performance
are given in section 3. Based on the results presented here,
pragmatism seems to be the best guide; that is, the processing
time for a political subdivision should be weighed against the
quality of the estimates. A choice of strategies should be

determined from these practical considerations.
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TABLE 12.— SUMMARY OF SEPTEMBER 27, 1977, AGGREGATION RESULTS

FOR THE U.S5.S.R.

Productlon,* | Preduction* atandard Ccv for Production Aren Area stapdard ov far Area
dblast Stratagy thousang orror, thousand peeduction, ralative differonce thouund'ha grror, thousand ares, & relative diffaronce
matric tonas motric tona L with respoct to CAS, % ha with respoct to CAS. %
Kurqan oLb 820 208 25 11.48 107 5% 7.8 11.446
Kurgan KS8§ 53 272 8 & 23.82 8zl 1}0 15 0 23.7%
Hurgan CAS 728 165 227 426 &6 23
Kumtanal oLD 1476 53¢ 38 2 08 3493 158 7.4 .11
xustanal NS5 1663 636 38 2 T2 3465 277 8.0 L3
Humtanal CAS 1675 650 18 8 1409 283 18
Taal i pograd CLD 906 356 1% 3 L BB 17717 228 1214 -1 40
Trollinograg NSS 999 192 1% 3 8 319 1959 264 12 5 717
Teoalinograd cns ] 923 365 39,5 1809 rl] 15.2
CCEA yiold modal
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5. CONCLUSIONS AND RECOMMENDATIONS

5.1 CONCLUSIONS

5.1.1 TEST RESULTS

The results of the tests and experiments conducted in Phase III
with the new sampling strategy are as follows:

© Stratification: (1) Correlation test results indicate that

an agrophysical stratum may be homogeneous with respect to
agricultural density but not with reépect to wheat density.

(2) Agrophysical unit homogeneity test results indicate that
with respect to agricultural density many agrophysical units
are not homogeneous, but removal of one or more refined strata
from any such current agrophysical unit can make the strata

homogeneous.

© Apportioning Procedure: (1) The results presented ain-

table 4 indicate that the current apportioning procedure

is not performing well and that the apportioned estimates of
refined strata wheat area are often unreliable. (2) The data
base effect study (reported in the July report) indicates that
increase in the accuracy of the apportioned estimates may not
increase the precision of the wheat area and production
estimates.

'@ New Sampling Estimates: The aggregation results indicate that

no conc;usion can be made as to which sampling strategy performs
uniformly best. The new sampling strategy estimates are some-
times closer to the estimates of %he Statistical Reporting
Service as compared to the old strategy.

5.1.2 PROBLEM AREAS

In the course of experimentation with the new sampling strategy,

the following prbblem areas were identified.
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Stratification Quality Evaluation: (1) So far, no guanti-

tative measure of homogenelity has been defined. It has not
been decided how much heterogeneity in a stratum can be
tolerated. (2) Data necessary for conducting many tests for
strata evaluation are not available. For example, in the
U.5.5.R., wheat area and yield data were not available at any

level lower than that of an oblast.

Allocation and Aggregation: According to the new sampling

strategy, a stratum receives a small number of sample segments

if the estimate of segment-to-segment wheat area variance is
small. Thus, a stratum may have high wheat density and vari-
ance but receive no segments (or at most a few segments)
because of poor wheat area variance estimate. In this way,
many strata may be inappropriately assigned to Group B; con-
sequently, the precision of the wheat area and production

estimates will be low.

CAMS/CAS Error: CAMS error refers to the error in the esti-

mates of wheat area proportions in sample segments. CAS error
refers to the error in estimating wheat proportion from small
grains proportion in sample segments as given by CAMS. The CAS
errors result from the use of 1néppropr1ate ratioing methods.

Missing Data: When an estimate on a sample segment is not

available because of cloud cover or some other reason, the
usual practice in LACIE is to aggregate the available
estimates as if the segment without an estimate did not
belong to the sample. The problem here is the same as the
nonresponse problem in the traditional sample survey. Mere
elimination of the segment frém the aggregation may make any
statistical statement about the precision of the wheat area
estimates inaccurate.

Bad Data: Often, in early season and sometimes late in
growing season, the CAMS estimates are suspected to be in-

accurate. The CAMS estimates are then subjected to some
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screening procedure, and some estimates are thus éliminated
from aggregation. Elimination of sample segments. may adversely
affect the precision of the - wheat:'area estimates.

+

5.2 RECOMMENDATIONS..

" The '‘following recommendations -are offered as possible remedies

to the problems menticoned in section 5.1.1.

5.2.1 STRATIFICATION

The boundaries of the current agropﬁysic§1 strata need to be
adjusted._ All new stratification should be evaluated pefore

delivery to the user. .

The’sampling strategy team and the partltlonlpg'team should

decide jointly how much heterogeneity in a hémogeneous stratum

can be tolerated and what constitutes a good quantitative measure
of homogeneity. The criterion should be used in future evaluation
of the agrophysical strata. l

5.2.2 DATA BASE FOR STRATA EVALUATION, ALLOCATION, AND AGGREGATION

A data base is needed for each LACIE country in order to have a

means of evaluating the agrophysical stratification, verifying
the appropriateness of the allocation, and improving stratum

' wheat area and production estimates. The sampling strategy team

and the partitioning team should determine what the important

parameters are and what should be included in the data base.

Much of the data in foreign countries is at such a gross scale
in comparison with county-level data that there needs to be a
means of creating or reducing data meaningfully to a scale

where regional variations can be seen in relation to remotely :
sensed data. Data such as agricultural density, soil types, or
meteorological inputs can be as specific as the data base will

allow.
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5.2.3 SIMULATION STUDY

Based on all wheat-related information in a LACIE country and

in the United States, the LACIE country can be simulated for
evaluation of a sampling strategy. The simulation study will
show the relatronship of the true and estimated precisien of the
sample estimates. The major advantage of a simulation study is
that it does not involve the expensive operations of actual loca-
tion of sample segments, data acquisition, photo interpretation,
and wheat proportion estimation. The parameters that affect the
precision of the sample estimates can also be varied in a con-
trolled fashion. Therefore, more simulation studies should be
maae in order to evaluate the new sampling strategy in the foreign

countries, study the effect of modifications and changes intro-

1

duced in the strategy on the precision of the sample estimates,
and thus to design the most efficient sampling strategy for each
LACIE country.

5.2.4 CAMS ERROR ANALYSIS

A study similar to the blind site study should be undertaken to

analyze CAMS error in the new samples.
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APPENDIX A

DETERMINATION OF FIRST- AND SECOND-GENERATION
SEGMENT MIXTUREL

A.1 MOTIVATION

Because of cost and time constraints, it may not be possible to
order or, even 1f ordered, to process all second-generation
sample segments. To obtain an estimate.of wheat production wath
precision comparable to the precision specified in the sampling
plan, it is necessary to process a certain minimum number of sam-
ple segments. One way to fulfill the sample size requirement

1s to supplement fhe list of available second—qeneration seg-
ments with the available first-generation segments. Unless
caution 1is taken in preserving the randomness of the distribu-
tion of sample ségments in each refined stratum .(second-
generation strategy strata}, any statistical statement concerning
the sample estimates made according to the second-generation
strategy will be invalid. A scheme has been devised for the
selection of supplementary first-generation segments preserving

the randomness of distribution in each refined stratum.

A.2 METHOD FOR SELECTING SUPPLEMENTARY FIRST-GENERATION SEGMENTS

The method of selecting supplementary first-generation segments
is as follows:

@ Segments chosen under the first-generation strategy and seg-
ments chosen under the second-generation strategy (second-
generation segments} are available, labeled with both county

name and strata number.

® Count the number of second-generation segments in each unit

(county intersection strata).

® Count the number of first-generation segments 1in each unit.



@ For each unit, perform the following operation:

a. If the number of first-generation segments 15 greater
than or equal to the number of second-generation,
randomly replace each second-generation segment with a

first=generation segment.

b. Otherwise, randomly replace second-generation segments
by first-generation segments until all first~generation
segments in the unit have been used. Some gecond-

generation segments will remain.

© Note that step b differs from thé theoretical proposal.
Theoretically, all first-generation segments should be used,
and the remaining number necessary for the unit should be
selected at random from all segments possible withain the
Goddard constraints. However, the second-generation segments

have already been chosen and must be used.

® Check the spacing between segments. When the first-generation
and second-generation segments were chosen, the segment den-
sity 1n each case was constrained by Goddard. The same

constraint should be presented in the composite allocation.

A.3 RESULTS

Composite allocations for Kansas, North Dakota, and the three

oblasts in the U.S.S.R. can be found in sections A.5 to A.7,
respectively.



A.4 METHOD FOR UTILIZING FIRST-GENERATION SAMPLE SEGMENTS IN
THE SECOND-GENERATION SAMPLING SCHEME

The method for utilizing first-generation segments in the second-

generation scheme was developed by A. H. Feiveson of JSC. The

following definitions apply to this procedure:

8 = new stratum
(Ok}kil = collection of first-generation strata which intersect S
N = total number of segments in O
n. = number of selected segments in @k under the first-
generation strategy
M, = total number of segments in @,NS
m = number of segmeénts to be selected in $ under the
second-generation strategy
M " = total number of segments in S
my = number of segments to be selected in Ok
The steps in the procedure are as follows:
© Generate {m } L
k k=1
1. Let T0 = 0, Tl = Ml, T2 = Ml_+ M2, s, TL = Ml + M2 +
LR ] -+ ML
Define gy = {Ty _; + 1, Ty, _; + 2, ==+, T} ; + T}

2., Choose a random subset of m from the integers 1, 2, «--
Let I be that random subset.

3. Let my, = cardinality of Ian.



Note that m, has a hypergeometric distribution.

Hence,

Mk M - Mk

o p{m, = 7) S/\m = 3 (B-1)
kj T Filyg T My
m

and

m Mk

E(mk) = ™ (B~2)'

Let Ik = number of first-generation selected segments in
ekns.
a. If I, > m, choose m segments at random among the I,

originally selected ones.

choose all of the I, originally selected

b. If I, <m, X
segments plus m - Ik additional ones randomly selected

from the remaining Mk - Ik in @kns.

Prove that this procedure selects m segments out of M with

equal probability:

Let 9, = Pr{Ik =1}, 12=10, 1, <+, M

)
S = second-generation sample.
S0 = first-generation sample.
Sy = any potential segment in OkﬂS.
Then
My
p(s,es) = E é leP{SkES/Ik = 1,m = 3} (B-3)
1=



My

P(skes/lk = 1} = ;EO QkJP{SkFS(Ik =1, mk r= j} ..(B—4_,)
P(SKES/Ik =1i,m = J) = P(skes/Ik = 1,m = j,schO)P(skeSO/Ik

= i,m = 3) + P(Skgs/lk = 1,m = J,Skﬁso)P(sklso/Ik

= 1,m = ?) i (B-5)
1 1-i<;
P(s, e8/1, = i,m = Jispes) = 43/1r 13 (B-6)
0 =0
P(skeso/rnk = 1.1 = 1) = i/mMy (B=7)
0 J<1
P(s,€8/I, = 1,m_= 3,s8, £S5 ) = - (B-8)
K K R [ I SV DR B
P(sksso/mk =‘j,Ik = i) = (Mk -~ 1)/Mk (B-9)
0 + j/Mk 1=0
P(skES/Ik = im = j) = 1/mk + (73 - 1)/Mk i<y
j/Mk + 0 1>)
= 3/Mk 1=0,1, ">, My (B~10)
Thus, P(SRES/Ik = i,Mk = j) only depends on 3, not i.
Hence,
M
A . E(mk) m
P(SkES/Ik = 1) = Z akj(J/Mk) = — = M
b k
3=0
My
- . = m = -
= P(skes) =" Okl = % {B-11)
i=0



A.5 SAMPLE SEGMENTS

The sample segments in Kansas (from ref.

i

-

3) selected prior to

the application of the Goddard constraint are the following:

Segment
number

803
1170
1173

800
1174
1892
1175
1893
1176
1033
1168

812
1035
1292

B22

825

823

821
1857
1025

818

819
1859
1861
1284
1864

833

829
1180
1345

839

837

830

834
1353

828

836

840
1184

832

842
1154
1349

County

Cowley
Harper
Kiowa
Kingman
Pratt
Reno
Sedgwick
Stafford
Sumnher
Clark
Barber
Kiowa
Ford
Hodgeman
Pawnee
Pawnee
Trego
Finney
Grant
Greeley
Greeley
Greeley
Hamilton
Kearney
Lane
Stanton
Bourbon
Bourbon
Cherokee
Franklain
Franklain
Linn
Miami
Miama
Montgomery
Montgomery
Osage
Osage
Wilson
Wilson
Lincoln
Mitchell
Butler

A-8

Stratum

3C
3C
3C
3C
3C
3C
3C
3C
3C
4B
4B
4B
5A
5A
5
5a
SA
5B
5B
SB
5B
5B
5B
5B
5B
5B

NN NN ARNARN AN
W



Segment

number

847
857
846
1151
1879
1297
1881
853
1884
1347
1876
852
843
1888
1348
1158
1016
1017
1880
1024
1153
1027
1019
1158
1020
1281
1877
864
1887
1022
863
1021
1282
1157
1296
1023
1031

Countz

Chase
Chase
Clay

Clay
Dickinson
Dickinson
Ellsworth
Marshall
McPherson
Morrais
Ottawa
Pottawatomie
Republic
Saline
Wabaunsee
Washington
Cheyenne
Decatur
Elliis
Gove
Jewell
Logan
Norton
Phillips
Rawlins
Rawlins
Rooks
Rooks
Russell
Sheridan
Sheridan
Sherman
Sherman
Smith
Smith
Thomas
Wallace

Stratum

7B
7B
7B
B
7B
7B
7B
7B
7B
7B
7B
7B
7B
7B
7B
7B

WO EOnOo OO WO omaoomo



The sample segments chosen for North Dakota (from ref. 4) are

as follows.

Universal

strata

14A(S-20)

14B(5-19)

15(s-21)

le (S-22)

(15)

(33)

(34)

(1)

New sample

First-generation segments segments
1462 1621 1624 1620 1619 881
1464 1645 1644 1473 164l
1642 1663 1899 1618
1604 1611 1460 1610 1897
1613 1898 1615 1614 1612
1609 1459 1622 1466 1467
1623 1617 16l1le 1465 1632
1904 1643 1639 1470 1640
1910 1636 1472 1924 1659
l658 1664 1475
1601 1456 1458 1627 1602
1605 1895 1902 1626 1469
1625 1629 1630 1628 1631
1915 1653 1638 1909 1660
1925 1661 1917 1916 1657
1920 1918 1656 1646 1650
1913 1€652 1648 1651
1912

follows:

The sample segments in the U.S.S.R. are as

Oblasts

Tselinograd

S-7 (6)

5-8

(44)

First-generation segments

New sample
strategy segments

8409
8122

8344
8114
8313

8412
8400

8312
8116
8310

8415

8308

8342

8324
A-10

8367

8324
8105
8101

6927
6944
6945

6950
6935
6935



Oblasts

S-8

Kurgan
S-9
8-11

(44)

(3)
(4)

Kustanai

S-8

5-9

(35)

(33)

First-generation segments

New sample
strategy segments

8109
8103
8402
8321
8356
8322
8332

8047
8029

8215
8249
8241
8231
8257
8261
8224
8211
8225

8233
8011
8214

8200
8084
8252
8253
8205
8216

8104
8108
2080
8336
8123
8354
8347

8234

8030

8212
8255
8083
8201
8213
8208
8524
8221
B238

8240
8237
8251

8245
8232
8239
8236
8260

8341
8305
8102
8360
8354
8315

8038
8090

8085
8202
8207
8235
8081
8247
8209
8077
8229

8089
8078
8076

8263
8079
8230
8252
8088

A-11

8335
8353
8304
83706
8380
8110

8045

8203
8258
8087
8206
8254
8037
8082
8086

8248
8080
8204

B256
8210
8218
8262
8219
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APPENDIX B

SAMPLE SEGMENT HISTORY OF CAMS
RATIOED WHEAT ESTIMATES

A history of sémple seglments through the 1977 ‘crop year follows.
" CaMs ratioed estimates are averaged on each -date for each univer-
sal stratum. When a segment“is deleted by CAMS, D replaces the
estimate, S the screened segment, and T the thresholded segment.

If the estimates are blank, then no figure has been received.

The strategies are denoted as follows:
® OLD for all first-generation segments.
@ NEW for all second-generation segments.

© MIX for the mixture of first- and second-generation segments
in the United States.

@ NSS for the subset of first-generation segments used in the
U.S8.8.R.

The strata are denoted as follows:
KS — Kansas

KST — Kustanai

¥
WOt ?‘kﬁ% — Kurgan

|
ok 3\"\“ ND — North Dakota

e P
@?“B‘e TSL — Tselinograd



STRATUM KS 1-2 QLD

Aggregation date

Segment

6/8 6/20 7/13 8/10 9/13 lo/11
1350 7.0 7.0 10.5 7.0 7.0 7.0
1181 24.8 24.8 24.8 29.0 29.0 23.0
1351 14.0 14.90 11.3 11.3 11.3 13.0
1352 14.4 14.4 3.1 11.8 11.9 11.9

n= 4 4 4 4 4 4

Average 15.05 15.05 12.43 14.80 14.8¢0 13.73




STRATUM KS 6 OLD

Aggrsgation date

Segment e = -

6/8 6/10 7/13 _| . 8/10 9/9 10/11
1168 "13.3 | 13.3 17.6 4.0 S
1335 45.9 45.9 | 4s5.9 . 43.% 43.5 42.5
1033 5%1 5.1 5.1 2.0 s
1288 35.2 35.2 35.2 8.0 8.0 14.9
1169 3.5 3.5 3.5 22.1 22.1 25.2
1293 10.6 10.6 10.8 10.8 10.8 10.8

n= 6. 6 6 6 4 4

Average 18.93 18.93 | 19.68 15.07 | 21.1 23.35




STRATUM KS 7 OLD

Ago‘:;regatlon date -

Segment — - :

6/8 6/20 | 7/13 8,10 9/9 | 10/11
1889 34.7 34.7 | 34.7 38.2 | 38.2 | 38.2
1170 70.2 70.2 | 70.2 63.9 | 63.9 { 62.9
1336 36.1 36.1 | 37.6 34.9 | 34.9 | 34.9
1172 58.3 58.3 | 58.3 6.7 | 46.7 | 41.7
1173 27.1 27.1 | 27.1 27.1 | 27.1 | 27.1
1337 16.7 16.7 | 16.7 16.7 | 17.6 | 17.6
1890 33.8 33.8 | 33.8 33.8 | 33.8 | 33.8
1891 21.7 21.7 | 21.7 21.7 | 21.7 | 27.2
1174 33.9 33.9 | 33.9 38.6 | 38.6 | 38.6
1892 28.7 28.7 | 28.7 | 43.1 | a3.1 | 43.1
1175 32.0 32.0 | 40.4 40.4 | 40.4 | 40.4
1338 63.7 63.7 | 63.7 68.8 | 68.8 | 67.8
1893 15.5 15.5 | 15.5 15.5 | 18.6 | 18.6
1176 59.7 59.7 [ 59.7 63.9 | 63.9 | 3.9
1177 50.5 50.5 | 50.5 72.9 | 72.9 | 72.9
1339 66.3 66.3 | 66.3 62.5 | 62.5 | 62.5
1340 23.9 23.9 | 55.4 45.7 | 45.7 | 45.7

n= 17 17 17 17 17 17

Averags 39.58 | 39.58 | 41.92 | 43.20| 43.43 | 43.35



STRATUM KS 8 OLD

Aggregation date

Sagment

6/8 6/20 7/13 8/10 9/9 10/11
1878
'1856 34.5 34,5 3‘4.5 34.5 34.5 - 34.5
1035 18.6 18.6 15.0 15.0 15.0 15.0
1290 42.4 42.4 42.4 42.4 42.4 - 42.4
1858 40.8 40.8 44.8 44.8 44.8 | 44.8
1292 29,5 29.5 29.5 29.5 29.5 29.5
1].860 31.9 31.9 | D 20.8 20.8 '17.4
1852 38.4 38.4 26.2 26.8 26.8 30.0
1041 23.6 23.6 40.5 40.5 40.5 40.5
1286 8.5 8.5 8.5 8.5 8.5 8.5
1853 29.3 29.3 D 25.9 25.9
1886

n= 10 10 8 9 10 10 -

Average . 29.75 29.75 30.75 29,20 28.87 28.85




STRATUM KS 9 OLD

Aggregation date

Segment -

6/8 6/20 7/13 8/10 9/9 10/11
1289 23.9 23.9 41.8 41.8 44.5 45.3
1857 27.0 27.0 38.8 44.9 44.9 44.9
1025 39.9 39.9 39.9 51.9 51.9 51.9
1291 33.7 33.7 35.4 35.4 35.4 44.7
1859 24.1 24.1 24.1 24.1 T
1866 44.1 44.1 49.0 49.0 49.0 49.0
1861 20.0 20.0 20.0 18.0 18.0 22.8
1284 18.4 18.4 31.0 28.3 28.3 25.8
1294 33.9 33.9 43.9 43,9 43.9 43,9
1862
1863 19.5 19.5 19.5 19.5 19.5 12.5
1854 37.1 37.1 37.1 37.1 37.1 37.1
1865 14.4 14.4 20.5 20.5 20.5 17.0
1032 3.5 3.5 23.5 47.5 40.4 40.4
1864 31.1 31.1 30.8 30.5 30.5 30.5

n= 14 14 14 14 13 13

Average 26.47 26.47 32.52 35.17 35.68 36.37




STRATUM KS 10 OLD

Aggregation date

Segment
6/8 6/20 7/13 8/10 9/9 10/11
1031 4.2 4,2 4.2 4.2 T
1287 36.4 36.4 36.4 36.4 29.1 31.6
n= 2 2 2 2 1 1
Average 20.3 20.3 20.3 20.3 29.1 31.6

B-9




STRATUM KS 11 OLD

Segment Aggregation date

6/8 6/20 7/7 8/10 9/9 10/11
1016 13.4 13.4 22.6 15.9 14.6 14.6
1278 28.3 28.3 28.3 28.3 31.8 31.8
1279 21.4 21.4 21 .4 21.4 21.4 22.5
1017 14.8 14.8 14.8 22.1 22.1 13.3
1880 8.8 8.8 8.8 8.8 19.4 19.4
1024 9.2 9.2 26.9 32.9 24.9 24.9
1280 14,2 14.2 14,2 14.2 14.2 14.2
1851 42.3 42.3 23.4 23.4 23.4 23.4
1153 4.2 4.2 4.2 21.0 21.0 21.0
1027 28.2 28.2 28.2 28.2 21.1 21.1
1285 22.9 22.9 22.9 22.9 22.9 22.9
1019 2.4 21.4 21.4 21.4 30.1 30.1
1295 4.0 4.0 4.0 29.2 25.2 29.2
1875 14.8 14.8 D 22.8 21.8 21.8
1155 3.7 3.7 3.7 3.7 T
1020 28.4 28.4 29.8 25.6 25.6 29.8
1281 48.2 48.2 48,2 48.2 28.8 27.6
1877 45.7 45.7 34.5 34.5 26.9 34.4
1887 3.7 3.7 D 5

n=

Average




STRATUM KS 11 OLD,

Concl.

Aggregation date

Segment

6/8 6/20 7/7 8/10 9/9 10/11
1022 16.3 16.3 16.3 16.3 16.3 16.3
1021 24.6 24.6 24.6 24.6 24.6 24.6
1282 11.6 11.6 11.8 15.0 15.0 23.9
1296 24.3 24.3 24.3 24.3 T
1157 21.8 21.8 21.8 9.9 9.9 13.3
1023 29.7 29.7 29.7 29.7 29.7 25.9
1283 43.9 43.9 43.9 26.9 26.9 26.9
1855 16.3 16.3 16.3 16.3 16.3 16.3

n= 27 27 25 26 24 24

Average 20.97 20.97 21.84 22.59 22.41 22.88

B-11




STRATUM KS 12 OLD

Aggregation date

Segment

6/8 6/20 |- 7/13 8/10 9/9 10/11
1179 17.4 17.4 17.4 19.9 19.9 19.9
1349 16.0 16.0 l6.0 16.0 16.0 16.0
1151 32.9 32.9 32.9 19.0 19.0 16.5
1152 48.2 48.2 48.2 38.9 38.9 38.9
1297 11.4 11.4 11.4 15.0
1879 11.5 11.5 24.0 24.0 24.0 33.4
1881 14.8 14.8 14.8 14.8 25.4 25.4
1346 2.4 2,4 2.4 2.4 S 2.4
1882 15.3 15.3 45.5 45.5 45.5 49.5
1883 5.2 5.2 5.2 7.0 7.0 7.0
1884 27.8 27.8 27.8 30.0 30.0 30.0
1299 1.5 1.5 1.5 30.8 30.8 30.8
1347 8.8 8.8 7.9 5.0 5.0 6.2
1876 21.4 21.4 21.4 10.0 10.0 18.3
1885 38.5 39.5 39.0 52.8 52.8 44.7
1343 14.2 14.2 14.2 10.9 10.9 10.9
1300 39.2 39.2 39.2 39.2 D
1888 .5 .5 44,9 63.9 63.9 63.9
1348 3.5 3.5 1.6 1.0 1.0 2.0
1158 2.6 2.6 16.1 i7.8 17.9 17.9

n= 19 19 20 20 18 19

Average 16.98 16.98 21.57 23.02 23.27 23.62




STRATUM KS 13 OLD

Aggregation date

§bmnmﬁ -

. 6/8 6/20 7/13 8/10 9/9 10/11
1344 17.2 17.2 24.1 17.1 17.1 12.7
1180 42.3 42.3 28.6 26.3 26.3 26.3
1163 14.3 14.3 14.3 11.4 11.4 11.4
1345 18.8 18.8 11.8 18.8 18.8 18.8
1183 10.2 10.2 10.2 6.0 6.0 6.0
1166 7.1 7.1 10.5 6.2 6.2 7.0
1353 11.5 11.5 17.8 17.8 17.8 17.8
1354 8.3 8.3 3.0 5.0 5.0 5.0
1184 1.2 1.2 11.4 11.4 11.4 11.4
1le7 5.1 5.0 5.0 2.0

n= 9 9 10 10 10 10

Average 14.54 14.54 ] .13.68 12.50 ‘ 12.50 11.84

B-13




STRATUM KS 14 OLD

Aggregation date

Sagment

6/8 6/20 7/13 8/10 9/9 10/11
1341
1161 33.0 33.0 33.0 30.0 30.0 30.0
1342 26.2 26.2 26.2 26.2
1162 12.8 12.8 12.8 12.9 12.9 12.9
1159 7.2 7.2 7.2 5.0 5.0 5.0

0= 3 3 4 4 4 4

Average 17.67 17.67 19.80 18.53 18.53 18.53

B-14




STRATUM KS 15 OLD

Aggregation date
Segment
6/8 6/20 7/13 8/10 9/9 10/11
1154 25.8 30.7
1156 20.0 20.0 29.9 29.9 29.9 29.9
n= 1 1 1 1 2 2
Average 20.0 20.0 29.9 29.9 27.85 30.3

B-15




-

STRATUM KS 1-2 MIX

[No segments allocated.]

Segment

Aggregation date




STRATUM KS & MIX

Aggregation.date .
Sagment
6/8 6/20 7/11 8/15 9/9 10/11

1033 5.1 5:1 5.1 2.0 S
1168 13.3 13.3 17.6 4.0 S

812 5.0 5.0 5.0 5.0 5.0 5.0

n= 3 3 .3, 3 1. 1
Average 7.8 7.8 7.8 3.67 5.0 5.0




STRATUM KS 7 MIX

Segment Aggregation date
6/8 6/20 7/11 8/10 9/9 10/11

803 11.4 11.4 11.4 11.4
1170 70.2 70.2 70.2 63.9 63.9 62.9
1173 27.1 27.1 27.1 27.1 27.1 27.1

800 38.1 38.1 38.1 38.1 38.1 38.1
1174 33.9 33.9 33.9 38.6 38.6 38.6
1892 28.7 28.7 28.7 43.1 43.1 43.1
1175 32.0 32.0 40.4 40.4 40.4 40.4
1893 15.5 15.5 15.5 15.5 18.6 18.6
1176 59,7 59.7 59.7 63.9 63.9 63.9

n= 8 8 9 9 9 9
Average 38.15 38.15| 36.11 38.0 38.3 38.2

B-18




STRATUM KS 8 MIX

. Aggregation date,
Segment
6/8 6/20 7/11 8/10 9/9 10/11

1035 18.6 18.6 15.0 15.0 15.0 15.0
1292 29.5 29.5 29.5 29.5 29.5 29.5

822

825 23.5 23.5 23.5 23.5 23.5 23.5

823 21.1 21.1 21.1 21.1 21.1

n= 3 4 4 4 4 4
Average 23.87. 23.18 22.27 22.27 22.27 22.27




STRATUM KS 9 MIX

Seqment Aggregation date
6/8 6/?0 7/11 8/14 9/14 10/11
821 17.5 17.5 17.5 17.5 17.5 17.5
1857 27.0 27.0 38.8 49.9 49.9 44.9
1025 39.9 39.9 39.9 51.9 51.9 51.9
818 29.3 29.3 29.3 29.3 29.3
819 7.0 7.0 7.0 7.0 7.0
1859 24.1 24.1 24.1 24.1 T
1861 20.0 20.0 20.0 18.0 18.0 22.8
1284 18.4 18.4 31.0 28.3 28.3 25.8
1864 31.1 31.1 30.8 30.5 30.5 30.5
n= 7 9 9 9 8 8
Average 25.43 23.81 26.49 28.5 29.05 28.71




STRATUM KS 10 MIX

Aggregation date
Segment
6/8 6/20 7/11 8/10 . 9/13 10/11
1031 4.2 4.2 4.2 4.2 T
n= 1 1 1 1 0 0
Average 4.2 4.2 4.2 4.2




STRATUM KS 11 MIX

Aggregation date
Sagment
N 6/8 ‘ 6/20_: 7/11 L 8/14 ’ 9{14 10/11

1016 13.4 13.4 22.6 15.9 14.6 14.6
1017 14.8 14.8 14.8 22.1 22.1 13.3
1880 8.8 8.8 8.8 8.8 19.4 19.4
1024 9.2 9.2 26.9 | 32.9 24.% 24.9
1153 4,2 4.2 4.2 21.0 21.0 21.0
1027 28.2 28.2 28.2 28.2 21.1 21.1
1019 21.4 21.4 21.4 21.4 30.1 30.1
1155 3.7 3.7 3.7 3.7 T
1020 28.4 28.4 29.8 29.8 25.6 29.8
1281 48.2 ‘ 48.2 48.2 48.2 28.8 27.6
1877 45.7 45.7 34.5 34.5 26.9 34.4

864 , 1.0 1.0
1887 3.7 3.7 D 34.5 S
1022 16.3 16.3 16.3 16.3 16.3 16.3

863 30.8 30.8 30.8 30.8 30.8 30.8
1021 24.6 24.6 24.6 24.6 24,6 24.6
1282 11.8 11.8 11.8 15.0 15.0 23.9
1157 21.8 21.8 21.8 9.9 9.9 9.9

n=
Average




STRATUM KS 11 MIX, Concl.
Aggregation date

Segment

6/8 6/20 7/11 8/14 9/14 10/11
1296 24.3 24.3 24.3 24.3 T
1023 29.7 29.7 29.7 29.7 29.7 25.9

n= 19 19 18 19 17 17

Average 20.47 20.47 | 22.36 23.77 | 21.28 | 21.39




STRATUM KS 13 MIX

Aggreaation date
Segment ~
6/8 6/20 7/11 8/14 9/14 10/11
833 5.9 5.9 5.9 5.9 5.9 5.9
829 10.5 10.5 10.5 10.5 10.5 10.5
1180 42.3 42.3 28.6 26.3 26.3 26.3
1345 18.8 18.8 18.8 18.8 18.8 18.8 -
839 32.6 32.6 32.6 32.6 32.6 32.6
837
830 21.0 21.0 21.0 21.0 21.0
834 27.6 21.7 21.7 21.7 21.7 21.7
1353 11.5 11.5 17.8 17.8 17.8 17.8
828 10.2 10.2 10.2 10.2 10.2
836 8.7 8.7 8.7 8.7 8.7
840 11.1 11.1 11.1 11.1 11.1 11.1
1184 1.2 1.2 11.4 11.4 11.4 11.4
832 20.0 20.0 20.0 20.0 20.0 20.0
n= 10 13 13 13 13 13
Average 18,15 16.58 | 16.79 16.62 | 16.62 | 15.85




STRATUM KS 14 MIX

[No segments allocated.]

Segment

Aggregation date

Average




STRATUM KS 15 MIX

Aggregation date

Sagment :
678 6/20 7/11 8/14 9/14 "10/11
842 20.6 20.6 20.6 20.6 20.6
1154 25.8 30.7
n= 0 1 1 1 2 2
Average 20.6 20.6 20.5 23.2 25.65

B-26




STRATUM KS 1-2 NEW

[No segments allocated.]

Segment

Aggregation date

Average

B-27




STRATUM KS 6 NEW

Aggregation date

Segment
6/8 6/20 | 7/11 8/10 9/13 10/11
810
811 23.7 23.7 23.7 23.7 23.7 23.7
812 5.0 5.0 5.0 5.0 5.0 5.0
= 2 2 2 2 2 2
Average 14.35 14.35| 14.35 14.35| 14.35 | 14.35




STRATUM KS

7 NEW

Aggregation date

Sagment
6/8 . 6/20 7/11 8/10 9/13

800 38.1 ’ 38.1 38.1 38.1 38.1
801 38.7 38.7 38.7 38.7 38.7
802 30.5 30.5 30.5 30.5 30.5
803 11.4 11.4 11.4
804 65.1 65.1 65.1 65.1 65.1
805 -27.2 27.2 27.2 27.2 27.2
806 5.8 5.8 5.8 5.8 5.8
807 44.4 44.4 44 .4 44.4 44 .4
808 33.7 33.7 33.7 33.7
809 77.4 77.4 77.4 77.4 77.4
n= 8 9. 10 10 10

Average 40.9 . 40.1 37.23 37.23 37.23

B-29




STRATUM KS 8 NEW

Segment Aggregation date
6/8 6/20 7/11 8/10 9/13
822
823 21.1 21.1 21.1 21.1
824 49.6 49.6 49.6 49.6 49.6
825 23.5 23.5 23.5 23.5 23.5
826 14.3 14.3 14.3 14.3
n= 2 4 4 4 4
Average 36.55 27.13 27.13 27.13 27.13

B-30




STRATUM KS 9 NEW

Seqment Aggregation date
6/8 6/20 7/11 8/10 9/13

813 19.7 19.7 19.7 19.7
814 37.4 37.4 37.4 37.4
815 27.9 38.2 38.2 38.2 38.2
816 22.1 22.1 22.1 22.1 22.1
817 28.6 28.6 28.6 28,6 28.6
818 29.3 29.3 29.3 29.3
819 7.0 7.0 7.0 7.0
820 42.3 53.6 53.6 53.6 53.6
821 17.5 17.5 17.5 17.5 17.5
n= 5 9 9 9 g

Averags 27.68 28.1¢6 28.16 28.16 28.16




STRATUM KS 10 NEW

Aggregation date

Segment
6/8 6/20 | 7/11 8/10 9/13
880 15.6 15.6 15.6
n= 1 1 1
Average 15.6 15.6 15.6

B-32




STRATUM KS 11 NEW

Aggregation date
Segment -

6/8 6/20 7/11 8/10 9/13
860
861 35.7 35.7 35.7 35.7 35.7
862 18.5 18.5 18.5 18.5 18.5
863 30.8 3G.8 30.8 30.8 30.8
864 1.0
865 29.6 29.6 29.6 29.6 29.6
866 le.7 16.7 16.7 16.7 16.7
867 21.7 21.7 21.7 21.7 21.7
868 20.1 20.1 20.1 20.1 20.1
869 23.7
870 32.0 32.0 32.0 32.0 32.0
871 33.9 33.9 33.9 33.9 33.9
872 8.7 8.7 8.7 8.7 8.7
873 26.2 26.2 26.2 26.2
874 27.3 27.3 27.3 27.3 27.3
875 24.7 24.7 24.7 24.7
876 26.6 26.6 26.6 26.6
877 22.9 22.9 22.9 22.9
n=

Average

B-33




STRATUM KS 11 NEW, Concl.

Aggregation date

Segment - .
6/8 6/20 7/11 8/10 9/13
878
879 36.2 36.2 36.2 36.2 36.2
n= 12 16 16 le i8
Average 25.93 25.73 25.73 25.73 24.24

B-34




STRATUM KS 12 NEW

Aggregation date

Segment
.6/8 6/20 7/11 8/10 | 9/13 10/11
1349 16.0 16.0 1l6.0 16.0 16.0 16.0
847 27.2 27.2 27.2 27.2 27.2 27.2
857 22.6 22.6 22.6 22,6 22.6 22.6
846 7.4 7.4 7.4 7.4 7.4 7.4
1151 32.9 32.9 32.9 19.0 19.0 le.5
1879 11.5 11.5 11.5 24.0 24.0 33.4
1297 11.4 11.4 11.4 15.0
1881 14.8 14.8 14.8 14.8 25.4 25.4
1_853 13.8 12.8 12.8 12.8 12.8 12.8
1884 27.8 27.8 27.8 30.0 30.0 30.0
1347 8.8 8.8 7.9 5.0 5.0 6.2
1876 21.4 21.4 21.4 10.0 10.0 18.3
852 0 0 0 0 0 0
843 18.7 18.0 18.0 18.0 18.0 18.0
1888 .5 .5 44.9 63.9 63.9 63.9
1345 3.5 3.5 1.6 1.0 1.0 2.0
1158 2.6 2.6 16.1 17.9 17.9 17.9
n= 16 16 17. 17 17 17
Average 14.34 14.34 17.32 17.71 18..33 18.39




STRATUM KS 12 NEW, Concl.

Aggregation date
Segment -
6/8 . 6/20 7/11 8/10 9/13
843 18.7 18.7 18.7 18.7 18.7
844 32.3 32.3 32.3 23.3 23.3
845 44.0 44.0 44.0 44.0 44.0
846 7-4 7.4 7.4 7.4 7.4
847 27.2 27.2 27.2 27.2 27.2
848 38.0 38.0 38.0 38.0 38.0
849 3.6 3.6 3.6 3.6
850 3.0 3.0 3.0 3.0 3.0
851 38.6 38.6 38.6 38.6 38.6
852 0 0 0 0 0
853 13.8 12.8 12.8 12.8 12.8
854 6.1 6.1 6.1 6.1
855 14.6 13.3 13.3 13.3 13.3
856 21.2 21.2 21.2 21.2 21.2
857 22.6 22.6 22.6 22.6
858 11.5 11.5 11.5 11.5 11.5
859 43.2 43.2 43.2 43.2 43.2
n= 14 17 17 17 17
Average 22.39 | -19.61 | 19.61 17.61 | 17.61
B-36




STRATUM KS 13 NEW

Seqment Aggregation date .
. 6/8 6/20 7711 |, 8/10 9/13

827 20.2 20.2 20.2 20.2 20.2
828 10.2 10.2 10.2 10.2
829 10.5 10.5 10.5 10.5
830 21.0 21.0 21.0 21.0
831 14.2 14.2 14.2 14.2
832 20.0 20.0 20.2 20.2 20.2
833 5.9 5.9 5.9 5.9
834 27.6 21.7 | 21.7 21.7 | 21.7
835 13.9 14.1 14.1 14.1 14.1
836 8.7 8.7 8.7 8.7
837
838 12.7 12.7 17.0 17.0 17.0
839 32.6 32.6 32.6 32.6 32.6
840 11.1 11.1 11.1 11.1 11.1
n= 7 13 13 .| 13 13

Average . 18.73 15.61 ] 15.94 15.94 | 15.94




STRATUM KS 14 NEW

[No segments allocated.}

Aggregation data
Sagment

Averags

B-38




STRATUM KS 15 NEW

. Aggregation date

Sagment -
6/8 6720 7/11 8/10 9/13
841 28.1 "28.1 28.1 28.1 28.1
842 20.6 20.6 20.6 20.6
n= 1 2 . 2 2 2
Average 28.1 .4 24.35.] 24.35 24.35 24.35

B-39



http:24.35-24.35

STRATUM ND

1% MIX

Segment Aggregation date
8/10 9/9 10/11

1459 8.8 30.1 34.5

1460 21.0 29.7

1465

1466 23.4 23.4 23.4
1467 30.1 33.4 33.4

1470 24.9 T

1472 25.5 27.9 27.9

1475 8.5 16.7 16.7

1604 28.8 T

1609

1610

1611

1612

1613 18.2 T 20.7

1614 14.4 12.4 12.4

1615

1616 15.7 27.1 34.2

1617 24,9 24.9 24.9

1622 24.6 24.6 24.6
n=

Average

B-40




STRATUM ND 1% MIX, Concl.

Aggregation date

Segment

i 8/10 9/9 l10/11
1623 18.2 18.2
1632 14.7 14.7 14.7
1636 16.9 29.4 29.4
1639 10.3 D
1640 4.8 29.1 29.1
1643
1658 28.9 28.9 28.9
1659 22.3 22.3 27.2
1664 30.9 30.9 21.9
1897 18.9 18.9 29.7
1898 0 D
1904 40.8 40.8 35.6
1910 19.8 19.8 25.8
1924 22.7 22.7 19.8

ns= 24 21 22

Averags 19.9 24.6 25.6

B-41




STRATUM ND

20 MIX

Segment Aggregation date
8/10 $/9 10/11

881

1462

1464

1475

1618 32.0 32.0 32.0
1618 29.3 30.1 30.1
1620 6.1 D

1621 17.7 20.1 22.5
1624 39.5 39.5 36.4
1641 36.5 37.2 38.8
1642 29.8 29.8 34.6
1644 9.1 9.1

1645 36.4 36.4 36.4
1663 22.7 22.7 22.7
1899 39.5 37.0 37.0
n= 11 10 9

Average 27.1 29.4 32.3

B-42




STRATUM ND 21 MIX

-Aggregation date

Segment ) -
8/10 .9/% 10/11

1456 10.7 13.6 t 13.6
1458 31.1
1469 20.4 | 20.4
1601 31.3
1602 7.4 21.4 21.4
1605 12.3 12.3
1625 8.9 15.0
1626 0 S 14.6
1627

1628

1629 0 18.6 18.6
1630 12.6 B.2 8.2
1631
1638
1646 3.7 14.0 14.0
1648 25.5 25.5 25.5
1650 6.1 D

1651 17.7 17.7 18.4
1652 17.0 17.0

n=
Average




STRATUM ND 21 MIX, Concl.

Aggregation date

Segment

8/10 9/9 10/11
1653 i6.7 16.7 16.7
1656
1657 1.3 D
1660 13.1 13.1 19.3
1611
1895 28.6 30.3 30.3
1902 .7 T 5.2
1909
1913 12.8 16.3 16.3
1915
1916
1917
1918
1920
1925

n= 15 15 19

Average 10.4 16.9 18.4

B-44




STRATUM ND

22 MIX

- Aggregation date
Sagment b
8/10 9/9 10/11
1912 4.4 4.4 5.9
n= 1 -1 1
Average 4.4 4.4 5.9

B-45




STRATUM ND 19 NEW

Segment

Aggregation date

8/10,
9/9, 10/11

896
897
898
899
900
901
902
303
204
905
906
907
908
909
910
211
912
913

914

22.6

29.1

13.0

ll.3

25.1

14.9

Average




STRATUM ND 19 NEW, Concl.

Se@ﬁé .- Aggregation date
m 8/,10 ’
"19/9,” 10/13
915
916 11.5
917
918
919
920 1.3
921 6.1
922 10.7
923 16.2
924 4.2
925 8.0
926 i8.3
927 23.1
928
n= 16 -
Average 13.5 -

B-47




STRATUM ND 20 NEW

Aggregation date
Segment 5710,
9/9, 10/1]
881
882
883 !
884 15.7
885 16.4
886 2.5
887
888 4.4
889
890 13.6
891
892
893 28.2
894 19.4
895
{
n= 7 ‘EI
Averags 14.3




STRATUM ND 21 NEW

Ssgment

Aggregation date

8/10,

9/9, 10/1%°

929
930

931
932
933
834
835
8936
937
938
939
940
241
942
943
944
945
?46

947

25.9

5.1

Average

B~49




STRATUM ND 21 NEW, Ceoncl.

Sogn Aggregation date
ent 5710,
9/9, 10/11
948
949
950 0.8
951
952 9.6
953 0
954
955 12.2
956 14.8
957
958
959
960
961 5.9
962
n= 11
Average B.7

B-50




STRATUM ND 22 NEW

. o Aggregation date
gment 8/10,
9/9, }0/il
963
n+= i 0
Average




STRATUM KUR 2 OLD

Aggregation date

Segment -

8/1 9/2 9/27
8028 27.8 27.8 27.8
8031 30.1 30.1 31.7
8049 16.8 19.8 19.8
8038 49 .2
8234 33.3

n= 3 3 5

Average 25.9 25.9 7| 32.0

B=52




STRATUM KUR 11 OLD

s Aggregation date
Segment
8/1 9/1 9/27 .
8027 37.3 37.3 37.3
8029 l6.7 16.7 40.4
8030 18.8 26.5 26.5
8032 27.8 27.8 27.8
8030 15.0 19.0 19.0
8045 30.1 30.1
8044 34.9
n= 5 6 7

Averags 23.9 26.2 30.9

B-53




STRATUM KUR 8 NSS

Aggregation date
Segment »
8/1 9/2 9/27
8038 49,2
8234 33.3
n= 2
Average 41,2

54




STRATUM KUR

11 NSS

Aggregation date

Segment —

8/1 9/2 9/27
8029 16.7 16.7 40.4
8030 18.8 26.5 26.5
8090 19.0 ¥s.0 19.0
8045 30.1 30.1

n= 3 4 4

Average ,18.2 23.1 29.0




STRATUM KST

8 OLD

Aggregation date

Segment =

8/1 9/2 9/27
8083 63.8 63.8 | 63.8
8207 14.1 14.1 14.1
8209 8.3 38.1_ | 38.1
8212 37.0 37.0 37.0
8215 27.3 27.3 27.3
8224 7.5 7.5 7.5
8225 31.8 31.8 31.8
8238 58.0 58.0 58.0
8241 31.5 31.5 31.5
8247 6.6 6.6 6.6
8258 43.9 43.9 43.9
8086 72.9 73.7 73.7
8016 22.7 22.7 22.7
8226 12.0 12.0 12.0
8228 48.9 48.9 48.9
8255 25.7 25.7 25.7
8211 42.2 42.2
8677 31.5 31.5
8208 20.7 20.7

n=

Average

B-56




STRATUM KST 8 OLD, Concl.

. . : Aggregation date
Segment :
8/1 9/2 8/27
8206 14.1 14,1
8221 54.6 54.6
8203 47.2 57.1
8037 0 0
8201 0 0
8213 14.1 14.1
8229 54.6 54.6
8254 61.3
8235 0
n= 16 26 29
Average 32.0 31.6 30.8

B-57




STRATUM KST 9 OLD

Agaregation date

Segmaent

8/1 9/2 9/27
8076 36.4 36.4 | '36.4
8078 29.8 29.8 54.5
8079 38.7 39.7 39.7
8080 18.2 18.2 18.2
8084 18.2 13.2 13.2
8089 53.8 53.8 53.8
8205 62.9 58.0 58.0
8214 24.0 24.0 24.0
8218 31.5 3L.5 31.5
8237 38.7 38.7 38.7
8239 28.2 28.2 28.2
8251 16.6 16.6 16.6
8256 20.7 20.7 45.5
8250 53.0 53.0
8204 22.6 22.6
8260 34.8 45.0
8219 44,7 44.7
8216 7.5 7.5
8088 33.9 33.9

n=

Averags




STRATUM KST 9 OLD, Concl.

Aggregation date

Sagment . -
8/1 9/2 9/27
8236 33.9 33.9
8245 31.5 31.5
8263 43.9 43.9
8240 54.6
8262 32.3
n= 13 22 24
Average 32.2 32.5 35.9

B-59




STRATUM KST 8 NSS

Aggregation date

Segmaent

8/1 9/2 9/27
8083 63.8 63.8 63.8
8207 14.1 14.1 14.1
8209 8.3 38.1 38.1
8212 37.0 37.0 37.0
8215 27.3 27.3 27.3
8224 7.5 7.5 7.5
8225 31.8 31.8 31.8
8238 58.0 58.0 58.0
8241 31.5 31.5 31.5
8247 6.6 6.6 6.6
8258 43.9 43.9 43.9
8086 72.9 73.7 73.7
8255 25.7 25.7
8211 42.2 42.2
8677 31.5 31.5
8208 20.7 20.7
8206 14.1 41.1
8221 54.6 54.6
n=

Average




STRATUM KST 8

NSS, Concl.

Sagment ‘ Aggregation date
8/1 o/2 | 9s27 |
8037 0 0
8201 0 ‘0
8213 14.1 14.1
8229 54.6 54.6
8254 61.3
8253 0
‘\
n= 12 29 24
Average 33.6 3.4 | -31.3

B-61




STRATUM KST 9 NSS

Aggregation date
Segment

8/1 9/2 9/27
8076 36.4 36.4 36.4
8078 29.8 29.8 54.5
8079 39.7 39.7 39.7
8080 18.2 18.2 18.2
8084 18.2 13.2 13.2
8089 53.8 53.8 53.8
8205 62.9 58.0 58.0
8214 24.0 24.0 24.0
8218 31.5 31.5 31.5
8237 38.7 38.7 38.7
8239 28.2 28.2 28.2
8251 16.6 16.6 16.6
8256 20.7 20.7 45.5
8250 53.0 53.0
8204 22.6 22.6
8260 34.8 45.0
8219 44,7 44.7
8216 7.5 7.5
8088 33.9 33.9
8236 33.9 33.9
n= 5

Averagze

B-62




STRATUM KST 9 NSS, Concl.

. Aggregation date

Ssgment

8/1 9/2 9/27
8245 31.5 31.5
8263 43.9 43.9
8240 54.6
8262 32.3

n= 13 22 24

Averags 32.2 32.5 35.9




STRATUM TSL 3 OLD

'Aggrégation date
Ssgment e Pag
8/1 9/1 9/27
8113 6.4 6.4
n= T -
Averags 6.4 | 6.4




STRATUM TSL 7 OLD

r ‘o;udam
Segment - Aagregat
8/1 $/1 9/27
8339 4.8 4.8
n:
Average 4.8 4.8

B-65




STRATUM TSL 8 OLD

Aggregation date

Segment o
8/1 9/1 9/27
8109 30.3 30.3 30.3
8321 17.5 40.6 40.6
8332 31.1 31.1 31.1
8347 14.3 14.3 14.3
8308 5.6 43.8 43.8
8315 19.9 19.9 19.9
8326 0 0 0
8318 15.9 9.6 9.6
8314 3.2 3.2 3.2
8325 11.2 11.2 11.2
8111 13.5 13.5 13.5
8323 42.2 44.6 39.8
9493 10.4 10.4 10.4
8101 2.4 2.4
8102 27.9 56.6
8110 22.3 22.3
8312 56.6 56.6
8341 22.3 22.3
8322 19.9 1%.9
— ] }
Average )
B-66
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STRATUM TSL 8 OLD, Concl.

ORIGINAL PAGE IS
OF POOR QUALITY,

Segment J Aggregation date
8/1 9/1 9/27
8305 31.7 31.7
8116 14.3 14.3
8330 57.4 57.4
8309 62.2 62.2
8328 19.1 19.1
8103 52.6
8336 18.3
n= 13 24 26 ‘ -
Averags 16.5 25.4 27.1

B—67




STRATUM TSL 3 NSS

Aggregation date
Sagmaent
8/1 9/1 9/27
8113 6.4 6.4
R= 0 0 1
Averaga 6.4 6.4




STRATUM TSL 7 NSS

Agpgregation date
Segment
8/1 9/1 9/27
8339 4.8 4.8
n= 0 1 1
Awvarage 4,8 4.8




STRATUM TSL 8 NSS

Segmant - Aggregation date
8/1 9/1 9/27 .
8109 30.3 30.3 30.3
8321 17.5 40.6 40.6
8332 31.1 31.1 31.1
8347 14.3 14.3 14.3
8308 5.6 43.8 43.8
8315 19.9 19.9 19.9
8101 2.4 2.4
8102 27.9 | 56.6
8110 22.3 22.3
8312 56.6 56.6
8341 22.3 22.3
8322 19.9 19.9
8305 31.7 31.7
8116 14.3 14.3 [
8103 52.6
8336 18.3
n= N 14 | Te
Averaga 19.8 | 27.0 | 29.8

B~70
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APPENDIX C

AREA AND PRODUCTION AGGREGATIONS

The following tables (C-1 to C~14) give the area and production
aggregations on yield models (taken from ref. 2). The yield
models are those derived by the Center for Climatic and Environ-
mental Assessment (CCEA) unless the Feyerherm label appears on

the table title.

#R-CEDING PAGE BLANK NOT ¥iLymo
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TABLE C-1.— Continued.
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TABLE C-1.— Continued.

+

(c) August 10.
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TABLE C-4.— Continued.

(b) July 1l.

t O OSTRATUM HIS 1C NUMBER OF HISTARIL WHEAT UMBER OF SAMPLE
WHEAT So6k  _ _ _ AG SEGMENTS __ VIRIANCE CETAENIS
ACRES m-—=— --  SQUARE PROPORTION - USED  ALLOCATED
1-2 754383.0 121 0.01670 o - 0
A 435177.0 %6 0-00800 3 3
3 116685320 215 9:013 10 3 10
8 1052027+ 192 Be60610 A 5
9 151107840 259 0o 01460 9 3
18 . .. 08544« 20 0.01480 i i
11 3353880 e - 389 ——- - - - - -~ plgiS20 - - 18 -20 -
12 1611883520 297 0.01360 17 17
13 1373088 .0 353 0-01480 13 14
yg 503657.0 14 g.aaieo ;i 2
L] »
TOTAL 106 25000, 20%* 0-8103? T 8
STRATUM NHEAT AREA cranoarp THEAT WHEAT VARIANCE AREA CV
ACRES Rn SQUARE ACRES PER CENT
g . Tezmom0  1245.7 6122389504.0 _ 9.873
1784625.7 — B% 0.9 ™ s ?8 5258 62.0 &5.308 ™
7 19740677.0 347975, 121086869504 0 1762
8 108743740 1464612 51450883072+ 130468
s 176440850 231102.3 534082396164 0 132748
10 8825045 1221.3 5214684410 3+
11 2216840.0 26147 be 6838571166401 0 112195
12 13073 20.0 209279,1 4379TTSTI52.0 16.008
13 1080227.9 iﬁa%g‘?.g 2 %06739 2.0 3.274
3 846808 8892609 — ———- - %433338022440 ——- pe626 —
15 11526242 474449 3251443240 40117
TOTAL 11231557.0 586301.8 - 343149820416.0 5.220
- STRATUR™=—"""— " ="~ WHEAT e WHEAT—-————--— WHEAT PRODUCTION-™ - — - PRODUCTION—
PRODUCTION PRODUCTICN YARIANCE v
STANDARD ERROR
BUSHELS BUSHELS SOUARE BUSHELS PER CENT
1-2 226 2606440 £539323.0 £2762743219328.0 8651
& 515865720 26389700 6953608675328 20 10316
- . 1 . 568?3;92.0 1B144512.0 32932;’070317568-0 31.9]5
8 A1318160.0 - - QIARGLI T — —— - - -~ - 88143468985 344,.0 o= 29,9 (8 ~—
9 50538928.0 1501473620 2284422964961 28 0 %9887
10 2541613.0 11553 7e 4 51199377405040 582153
11 478283888 193 11380:8 19230822834914:8 33:214
15 31110512, 0 9301205.0 651261834707 20 0 292897
1% - 1862806000 53833994 0 2898 0979695616 0 Satn 9o
I . 3319549.0 50630745 8222991872640 233317
ToTAL— — - 32324883200 2321585620 538915082845551.9 - —— i —
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TABLE C-4.— Continued.
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TABLE C-4.- Continued.

(@) September 9.
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TABLE C-4.— Concluded.
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TABLE C-5.— Concluded. .
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TABLE C—6.—-Con91uded.

(c) September 13 and October 1l.

STPATUM HISTORIC NUMBFR ©F HISTORIC WHEAT MIMAFR NF_ SAMPLE
WHEAT AREA AG SEGHENTS - YAR T ARSCE SEGMFMTS
ACRES SOUARE PPNPORT INN LISFD ALLOCATED
1-2 THH3IB =0 21 0.0)1ATH 4] [\l
& L3577 .0 16 O, DOR NN ? ]
7 1166R57, 0 215 01310 10 10
8 1062027 ..0 192 0, 041N 4 H
9 141107R. O 25 Qu.RYER0 9 S
10 10ARGL O 20 n,N1ARN 1 1
11 ?1 272045,.0 290 f.G6ison 17 20
12 1411885 ,0 297 \ 0, 01350 17 17
13 137308RL O 253 NSO 13 14
14 RNEAGT .0 149 1, 00140 0 0
15 Q726 =, 0 2 0,N04G0 ? ’
«TOTAL 1NY28NNN, | 004 0.01N91 L) 81
STRATUM HHEAT AREA HHFAT HWHEAT VARTANMCE AREA CV
STANDARD FRRINR
ACRES ACR ES - SOUMF ACRES PFR CENT
1-2 B26P63.3 8&HTNA, B 751 AN2IHRN. 0 1N, 494
-] 3533056,9 112096.4% 29617 RAT9 2.0 43,756
7 2035243.0 376018, 4 141 3FORBATAR O 1R 4 TH
& 13747207,0 377897 .9 J4280ARFINA 24, 0O . 7R .53 8
g 1R541KA .0 301037.5 - 9nR2IANTLNLALO 16,234
10 115642 .9 T202.5 B IRTRAOA, D 6. 186
11 7253%153.0 1746607 . 8 FNSNARIALTD, 0 6.8 79
1?2 14ASA95,0 244%F4 .8 ORGP I4 L, 0O Y. 793
13 1076290,3 128177.6 1642064272, 0 172.449
14 6RNATL, 3 19597 .9 HbALSRZART Pu 11.696
15 166527 ,A 28941,5 H3THOTS3A,0 17.379
TOTAL 1744R047,0 Ba4babE,5 TI&HOLGATRARA B 6,797
STRATUR WHFAT WHFAT WHFEAT PROODCT INN PRIODICT 16
PRAAIICTI ON PRODIETI NN VAR ] ANCE
STANDARD FRRIR .
RUSKFLS RUSHFLS SOLUARF RUSHELS PER MFNT
-2 FENCTET I 6866300,0 : RTLGAOTA1T7 0000 28,854
& 1132723 =0 56A955F.0 B2V LARKTES 4RON, O 50,0h2
7 SR&614940,0 LHYA5392,0 AS0ARAIINNTONTIA LD 37,3864
a 3R137134,0 16698 4330 216043934473952, 0 38,541
9 &2 14040, 0 15BQ9027,0 24597 8] TN%6446 10 .0 17,396
10 3383006, 0 92 iI9T,.8 RAILAI2RQ0NKH. 10 P 676
11 73127540,0 20349504, 0 HL4IN727HK33 RGA 0 24827
12 42793744,0 13693759.0 1R7 519043096 254, 0 1]1.559
13 296571314 .0 B7 £3579.0 THL50L AR 105ANL.0 PY.H 2
14 194 CARIR, 0 EYEVL Y- EY LY PR LY LY. 79 .7R0
_}5 LIARAGT 152a657, 0 A7 L2HNATRHAN N 31, K
TOTAL ILTITTO20,. 0 2} 5300K0,0 G4 1 4614TRGS 6 TG q,.00T
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(a) August 10.
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P L Lol
prat o=l

STRATUM

=S Ry L
B DD

STRATUN

5
21

22
TOTAL

WHEAT AREA
ACRES

3381563.0
1784002, 0

362‘;?'57 0
21393 .4
gQ06TES .

UHFAT
PRANICTION
103 BUSHELS
86464.13
£7366. 51
70691 .4
4171.05
208693. 09

(b} September 9.

MRER OF
AG EEGHENTS

540

2%
Ré
A

1662

WHFAT
STANDARD FRRDOR

ACRES

A3483
25199
11975
8NS5

ol

HFAT

STAN:D%RDL%RR ng

BUSHELS
3753 841233 °
3673.869894
6224.015183
348.254217%8
8409.759344
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TABLE C-7.—- Continued.

HISTORIC
A

WHEAT VARJANTE
SOUARF  ACRFS
4119AS 1140
A1AARAST 104G D

105756650160.11

19?533£5nhza'n

WHAA T PRﬂﬂIETInN
ANCF

105 SQUARE BUSHELS

14091324.05
13497320.28
38738364.95

121281.93
70724725.21

NUMRER OF QA“PLE
FMTS

WS FD ALLnrnTFn
21

10
i5

1

4T

TR T
Sres Py b

ARFA CV
PFR CFNT

PRONUICTINK
cy

PER CEHT
4.3405
7.7543
8.8045
8.3433
4.0298
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TABLE Cr7.—- Concluded.

(c) October 1l.

HISTORIC NUMBER QOF HISTORIC WHEAT
MHEAT AREA VARIAKCE
STRATUM ACRES AG SEGMENTS SUARE PROPORTION
19 3263028.0 540 0.02050
20~ 1335591.0 239 0:01260
21 4970485 @ 842 0 01580
22 2408532 0 D 0.07800
TOTAL 9977636 0 1662 0 04392
WHEAT WHEAT VARTANCE
WHEAT AREA  STAMDARD ERROR
STRATUM ACRES ACRES SQUARE ACRES
19 3511823 0 191400.0 36633952256 0
20 1961490 O 123292 8 152011243%2.0
21 3934748.0 352416.5 124197404672 0
2 .236104.2 19455.0 378496000.C
TOTAL  9644165.0 435914.6 1900215009280
WHEAT WHEAT PRODUCTION
WHEAT PRODUCTIOR
STRATUM PRODUCTION  STANDARD ERROR YARTANCE
10°. BUSHELS 10° BUSHELS  10% SQUARE BUSHELS
‘yg 89793.22 3540, 742710 12536859 56
20 52020.94 2471.841217 . 6109995 699
21 ' 76726.65 6744588053 . 45439457 96
22 4603.95 376.6470496 141863 37
TOTAL 223184 76 2323626193 , 69282753 09
(d) December [T4].
HISTORIC HISTORIC WHEAT
WHEAT AREA KUMBER OF VARIANCE
STRATUN ACRES AG SEGMENTS  SQUARE PROPORTION
19 3263028.0 540 0.02050
20 1335591.0 239 0 01260
21 4970485.0 34z 0 01580
2 408532.0 a1 0 07800
TOTAL 9977636 0 1662 0 04392
WVHEAT WHEAT VARTANCE
WHEAT AREA  STANDARD ERROR
STRATUM ACRES ACRES SQUARE ACRES
19 3511823 0 1914000 36633952256 0
20 1920303.0 171717.3 13857357824 .0
21 3934748.0 352416.5 124197404672 0
22 236104.2 19455.0 378496000.0
TOTAL  9602978.0 434370's 188677750784 0
WHEAT WHEAT WHEAT PRODUCTION
PRODUCTION PRODUCTION VARIANCE
3 SYANDARD ERROR 6 ;
STRATUM 107 BUSHELS BUSHELS 10 SQUARE BUSHELS
1% 89793 38801792 0 12626687
20 50928 21242064.0 5571694
21 76727. 43799936.0 45489468
22 4603, 2623463 0 141868
TOTAL 222051 22202608.0 13002648
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1 1
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g
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PER CENT
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w00 D S
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TABLE C-8.= ND NEW

August 10, September, 9, October 1l.

(a)
STRATUM HISTORIC  NUMBER OF
WHEAT AREA  AG SEGMENTS
ACRES
19 3263028.0 540
20 1235591.0 239
21 4970485 0 842
22 408532 0 41
TOTAL  9977636.0 1662
STRATUS  WHEAT AREA WHEAT
STANDARD ERROR
ACRES ACRES
19 3242976 0 309544.1
20 1658995 150340.3
21 3243036 0 401889 8
22 187777.4 22148, 1
TOTAL 8332784 0 546065 7
STRATUN WVHEAT WHEAT
PRODUCTION PRODUCTION
3 STANDARD ERROR
10° BUSHELS BUSHELS
19 82920 41087792 0
20 43908 20091312.0
21 63239.  41461248.0
22 1662 2395608 0
TOTAL 193819 22504816 0
(b)
T STRATUM HISTORIC NUMBER OF
WHEAT AREA  AG SEGHENTS
ACRES
19 3263028.0 540
20 1335501.0 239
2 4970485, 0 842
22 4085320 a1
T0TAL  9977636.0 1662
STRATUM  WHEAT AREA NHEAT
STANDARD ERROR
ACRES ACRES
19 1848435 0 294571, 5
20 2869666 3 201837.9
21 1825606.0 4703623
22 150049.4 38659.8
TOTAL  4693956.0 621782.9
STRATUM WHEAT WHEAT
PRODUCTIOH PRODUCTION
STAHDARD ERRGR
10° BUSKELS ~ 10° BUSMELS
19 47262 544119995
20 23070 4039 195836
21 35599 8996 357096
22 2925 740 881232
TOTAL 108857 11864 73565
Cm

HISTORIC WHEAT
VARIANCE
SOUARE PROPORTION

0.02050
0.01260
0.01580
G 07800
0 04392

WHEAT YARTANGE
SQUARE ACRES

95479495680.0
22602203136.0
1615153725440

490540288.0
298187781424 ©

VHEAT PRODUCTION
VARTAHCE

16° SQUARE BUSHELS

32730497

806777
59130777.

182142
31954440,

Decaember [T4].

HUMBER OF SAMPLE
SEGMENTS
USED  ALLOCATED
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38
1 1
B3

AREA CV
PERCENT
9 548
9.062
12.392
11.795
6.553

¢

CY PERCENT
69

R = M
O e

HISTORIC WHEAT
VARIANCE
SQUARE PRGFORTION

0 02050
6 01260
0 01580
8 07800
0 04392

" WHEAT VARJANCES
SQUARE ACRES

86772285440 0
40738541568 0
2212486231 04.0

1494578668 0
386613968895 0

WHEAT PRODUCTION
YARIANCE

16% SQUARE BUSHELS

29606657.27
16315103 44
80934441 14

548905, 67
140771952.6

33

HUMBER OF SAMPLE
SEGMENTS
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7 15
1 kK
0 1
34 83
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16

AREA CV
PERCENT

15 936
23.203
25.765
25.765
13.246
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CV PERCENT

N5
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29 3
55
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. VAFAT
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L5an45 2
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WHEAT AR FA
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TaGeel.T

TABLE C-9.— KUR OLD

(a) .August 1.

VHEA
STANDARD FRR D
. HECTARF

v vi.r WHEA
PROGUCTEM
STAMNDARN ERINR
METRIC TNNS

64507.9
121474, 6
«  113621.%

L

o

HI STORIC WHFAT
ARTAMCE
SQUARE PROPNRT] DA

D018 ?0

0.00TR
D 07970

HHF AT VARIANCF
SOUARE HEL TARFS
S595BR17 R e

21 RRB?(‘I.O
3BOTI7004R .0

»

WHEA T PmuncTrnN
VARTANGE

SODARF METRIC Tovs
41 69267200.0

1480647 0528040
A01443TRAZ 2, 0

(b) Septeml;er“ 2.

‘WUHMBFR
AGCSFLM ENTS
Té
143
219

. HHEA
PRODUCTT W
STANDARG EMQ MR
MEIRIC "TANS

645079
122154. 0
177040,5

C-34"

-
3

3

.

HT STFRTC
SNUARE PRnPl'I
Na018 20

0007810
N. 07970

WHEAT
CjANCE
RT1MW

'WHEAT VARTANCE
SOUARE HEC TARES
596ARLTIA O

PO4IANGEG 7, 0
6IF4BAT 2.0

WHEA T PPOD'I.'.TI ™
1AMCF

SﬁlIAQ_F METr? IC Tnng
416 176HTMB. 0

14922575872.0
31343329280, 0

NUMRER OF SAHP%‘F
Sk

USED

2T

NUMRFR DE S AMPLF

USFED

3
6
g9

BLLOCATED

- bt

AREA CV
+ PER GFNT

12.052
16. 100
11.127

PRONUCTI Y
. ¢y
PFR (FiT
24, £89

264198
% 24771

MT g
ALUICAT [

q
4
Ki

AREA CV
PER CEUT

12.0
il.
A

PRONUC TT M
cy’

PER [ENT
?4e 689

24.%37
23.31F8



STRATHM

13
HTAL

STRATUN

9
11
TOTAL

STRATIM
9
1
&

1
TOTAL

HISTORLC
WHFAT AT FA
MECTARES

1

?

2146661,.0
QR ANLE o4
1RNZ2LN. 0

WHEBST AREA
HE{TARFS
2630hh. 3

456050, 7
707116, 2

HUHFAT
PRODUCTTGN

METRILC TNNS
2935854 ,9

S2rAGA, Y
2n?54.9

TABLE C-9.— Concluded.

(c) September 27.

NUMHER PR
A SEGHENTS

ki
4
1

L-INE S

H
?

STANDA

o
Frlad]
mI

Iz
oM D

s

WHFAT

PRMICT
STAMDAKR) FRR R
METRIC TONS
B2563.9

135067.3
207549.9

C-35

NISTORC MERT  MOER R SRS

) |
SQUARE PROPNART 1NN USFR  ALLOCATED
0.018720 & 3
N, D0 RN T &
07870 12 7
WHEAT VARIANCF ARESA LV
SOUMF HFLTARFS PEFR CFNTY
1417 JRA304. O ’ 14,874
09312.0 B.923
%3?5%57? 6.0 7.A71
WAEAT PRONDICT ION . PRODIGCTICIW
VAR JANCE ey
SOUARF MFTRIC TINS PER CEFNT
68l 67AR48N. 0 28.12%
18243 3153920. D 5. £hd
L30769TR640..0D 75,103

ORIGINATY -
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STRATUH
9
1
A

1
TNTAL

STRATLM

-t
) laad ]

STRATHIN

STRATUN

STRATHM

11
THTAL

WHFAT AREA
HECT ¢ €S
337670,

2&7319.
&N6785.1

WHF AT
PRODOCTINN
METRIC Trvs
43%5336.6

3L4R3A L5
THOIT 7, 1

HISTORIC
NHFA’:T AR EA
BECTARFS

1214851, 0
CHARLLH b
1ROP00,0

WHEAT ARFA
HFCTARES
4 RhG9, ]

339529 .4
T6RT1IR,3

VHEAT
PROFUCTL AN

METRIC TONS
552957 ,3

43800578
G9anu6E 3.0

TABLE C-310.— KUR NSS

(a), August 1.

NUHHBFR NF
Al SEGMENTS

RHFA T
PRODULLTIMN

STANDARD FR&RNR

HETRIC TONS
96N4LS,
TL£079,

1721 24.

HISTOR‘i’C HHF
SOUVARE pnnpnar

WHEAT VAR]ANCE
SOUARE HFC TARES
LBAT2H400.0

1171650896, 0
599704R37.0

HHEA T Dnnnnc'r 1N
VARIANCF

SQUARF METRIC TINS5
9224761344.0

STRAO33024.0
296 Z2HRG7 28R .0

(b) September 2.

NUMBE [F
AL SEGMENTS

T
4
1

Ly

1
?

VHEAT

STAND-‘-\RE FR2 0

{29
TARFS

WHEAT

R ODUL N
5Ta uiamul EHR PR

METRIC TMNS

407156
11442,9
252178,.5

RISTIPIC WREAG
VAR I ANCE
SOUARF PROPORT [NN

¢

WHEAT VARJANCEF
SOUAMRE HFCTARFS
3407705970, O

21 A501T4T72.0
100 2R394250., O

WHEAT PRODIET ION
VAR T ANCE

SOHIARE METRIC ToOMS
19RONRAABLIA WO

17423187900R. 0
635939860000

NURRER NF SAMPLF
SEGMENTS
LS EN ALLNCATEN

0
3
3 '

S

ARFA CV
PER CENT
4,049

4,049
4,049

PRODUICT TN
¢y
PER CFNT

2Z.067

NIBRER [ SAeb bk
SFEGMENTS
ISED ALLOCATHD

0 2
4 4
4 7

AREA CV
PFR CFNT

13.&60R
13.609
13./09

PRODUCTTNN
cY

PFR TENT
25848

.64 R
Ph.G4R
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STRATHH

9
it
INTAL

STRATUH

9
il
TRTAL

STRATUHM
9
i
A

1
TATAL

HISTAREC
WHFAT ARFEA
HFCTARES

121665].0

QEAALA L&
2180200, 0

WHFAT ARFA
HECTARES
394630,4

4207232
#71355.8

=HFAT
PRAPDUCTI NN

HETRIC TNMS
L5TTT1 .6

436G98 R
95277043

TABLE C-10.— Concluded.

(c) September 27.

NUMO FR DE
ALy SEGMENTS

1
&
1

D

1
2

WHFAT
STANDARD Fi# R
HFL TARFS

b4 Thb. b
£5451.0
130215.6

Cc-37"

WHEAT VARIANLCE
SOIARE HWFCTARES
4194465350440

42RIARBGELAR L0
16954 JNRE0N. 0

WHEAT, PROMECT INN
VAR ANCF

SOQUARF MFTRIC TNNS
1T5246R2 T57.0

19704512512 0
Ta3TT0AAGLL .0

ORIGINAL PAGHE 1§
OF POOR QUALITY]

MIKRER [IF SAMPLF

USEN

7
&

]

SEGMFNTS
ALLDCATED

- P

ARFA LV
PER CFNT

16,0611
15,234
15tk

PROMCTINN
cY

PER [FNT
7’1.9%9
7R.258

PR, 624



RTRLTEIM

- INTAL

STRATUM

TATAL

STRATUM

S TNTAL

STRATUM

TATAL

STRATUN,

TNTAL

.

STRATUM

TRATAL

a

HESTOR]
WHEAT 4R EA
HECTA
L6 2hK5

170644
- 333330

29D
<.

WHE AT ARFA
HFCTARFS
1679315.0

1633873, 0
3313189.0

WHEAT
PRODIICTT NN

METRIC TNNS

7556917
738
1a9n934 n

WHEAT AR EA
HECT ARES

16582 24,0
16L7TR0L, 0
3396104 .0

wHEATY
PROMICTION

METRILC TS

TYRG95,3
7%6093&8,2
15R6929.0
KR PR

SR

e )
r,n:r_g [PLETR U R

STAMDAR

TABLE C-11.— KST OLD

L

]
NURBFR
Al SEGMFN

Y

TS

10

59 3

10

03 -

FAT

WH
STANDARD FRWUNR
HECT

AR FS

272847
igdzal
331273

WHEAT

RODUCTI
STn“unﬂn FRH

VETRIC T

n
400401
343533
713118

A
n
n
]

N
R
5
4
3
3

.
+*
.

. f{a).August.1l. ..

PR

i

HISTORTC WHFAT MIMRFR fIF SAMPLF
VAR [ANCE SEGMEMTS
SOUARF PROPINY 1NN USFR ALLOCATFD
n,.04320 16 35
0, R0 13 - 33
- 004371 - 29 - GR
WHFAT VARIAMCE 'ARFA CV
SOUAKE HFCTARFS. PFR CFNT
74453982772, 0 16 24R
392996246960 .0 174133
11376365221 T6.0 0. 180

o
WHEAT pnnmtnnn PRODAICT TN
RIANCF . oV
SOUARF KETREC TONS PFR CHAT
140321306624 .0 57,904
14TO9TTRO 2244 57« 166
597711781888 .0 S1.A%5

{(b) September 2.

NUXBER NF
AG gEGHFNTS

510
493
ing3

PHEAT
iy

METRIC TN

PROGUCT
STAMDARD ERRLGR

s

312501.7

146343,

9

605631.56

c-38

HISTORIC WHFAT NLUMRER OF snmp F

VARTANMEE SEGHENTS

SOGUARE PRAGPNRTICON USF0  ALURCATFD
<063 20 26

8.00330 27 33

0, 04371 48 67

WHEAT VAR [ANCE AREA CV

SOIARF HFRLTARES PFR TFNT

4 17535

7%££2qg%%3ﬁ'n 81774

63RTTIORHPR o) Te645

WHEA T pnnnucﬂm PRODUCTI O~

VARIANCE cy

SO{ARE MFTRIC TIWS PFR (ENT

976571290752, 0 *9,259

2720065927934 .0 18.756

BRETRIASH5TALD 30 164
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STRATUM
23
g
TOTAL
STRATUM
g

9
TATAL

STRATIM

Dow

HLSTHRIC
WHEAT AR LA
HFLTARES
16 206500

1705449 ,0
3333300, 0

WHEAT AREA
HFTTAPES
147331A,0

1820337.0
3293A55.0

wHEA

PEFONNLTY ON
METRIC TONS
RL31972,5

AT1376 1.6
167TA3564,0

TABLE C-11.— Concluded.

(c) September 27.

STANDA

M T X

g T

PROGUCTI ON
STANDARD FRROR
METRIC TONS

315791.8
1612174
639292,.,6

c-39 /

HISTORIC WHFAT  MUMRER NE_SAMD|F

VAR [ ANCE SERAMFATS

SOUARE PRNPORTION  USER  ALLOGATED

0.06370 2R 35

s DOBRO 24 33

n.04371 57 ¥

WHEAT VARIANCE BREA GV

SOUMF HFCTARES PFR (FRT

454 TRG3246A0. O 1?2.745

713565601384 40 A 078

6235506960, 0 7.400

VHFAT PRODICT ION PRODIGT ION

VAR I ANCE ci

SOUARE METRIC TNNS PER CENT

99724427 764 o1} 39,317

2596 1053317, 0 1R.45)

4DRELO4TRGO A0 3R, 177
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STRATUM

TATAL

STRATUH
- 4
9

TATAL

STRATUM

THTAL

STRATUR

TOTAL

STRATUM

TNTAL

STRATUM

TOTAL

HISTARIC ®

WHEAT AREA

HFCTARES _

HHEAT AREA
HECTARFS
1T61n%46.0

1633R73,0
33 &C}f: Ry}

HUHEAT
PRONUCTION
NETRIL THNS
T97492.3

1352628
1527733.0

T
w0

D00
N
=gl ]

WHEAT ARFEA
HECT ARES
1647R 29,0

1647780, O
3Z295609.0

WHEAT
PROMICTION
RETRIC TIwsS
790957.7

79093 4.
1581891.

TABLE C-12.— KST NSS' "

(a} August 1.~

.
NUIMB FR
MG SELME

PR ODUC
STANDART FR
METRIC ¥

=]
PRODUC T

[\
NTS

STANDARD EXRNR

KETRIL T
31436

ONS
Fa b

148343,9

60567

1.6

C=40 -

+

x

-

i

a

av

- HlSTﬂRlC 'b[iHFA'fl

CF .

SOUARF PRﬂPﬂRT Ny

DaN1Hd? N
D 0RHO
n.06371

WHFAT VARIANCE .
SOHARFE HFECTARFS

117825798144, 0
39259

£246960.0
* 15T125&43584.0

HHFAT PRﬂnlCTInN

I ANCF

SOARF MFTRIC TONS

1R 169314604,
1470971 RnE'ZG*
#33220567944.0 7

‘H1 STORI C WHFAT

RIAMCE

SOUVARE PRﬂPnRT £

Q. (4320 -

0,003A0
0-04371

WHEAT VARILANCE
SOUARE HEC TARES

5457966647046 .0

2066433R3RL.0
T5459TRRBON .0

WHEA T PRODICTION

VAR] ANCE

SOIARF METRIC TOMS

QRB2ZHIRTL56, 0
22005927936.0
3466838153216.0

use

NUKBFR 0OF S M
SEGH

"7 MIMAFR
th

=2

USFD

’2?
i

OF _SAMPLE
SEAMENTS
ALLOCATHD

35

34
3]

-

AREA €V °

PFR (FNT

17.133
11« 676

PRODICT TN
ty
PER CFNT

53. 787

m

e T

p
M
ALEOCAT

2 AN

AREA CV
PER CENT
4,206
1957
Ba335

PRODUCTI NN
cY

PER CFNT
39,746

18.756
3B.788
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STRATUK

8

9
TOTAL
STRATUM

TOTAL

STRATIH

8
S
TOTAL

WHEAT AREA
HECT AR ES
1644548,0

18 20337.0
I464RBE 40

HHE A
PRGOHCT?OJ
METRIC TOWS
TR9382.9

873761.6
1663144, 0

TABLE C~12.— Concluded.

(c) September 27.

M=

HEI 0=

m&E

Bt X

R e
G235

N Ty

L)

c-41

-

HISTORIC WHEAT
VERIANCF

SOUARE PROPNRTINN
0,043 20
0,00280
0.04371

WHEAT VARIANCE

SOISARE HEC TARES

5524 Q45H a0}
7?352 2

#0384 s 0
T6ES4903934.0

WHEA T PRODMICTION
VARIANCE

SOLUARE METRIC TONS

985 64440064 O
25991053312.0
40414 144102460

NUMRER DF SAHP*E
SEGMENLS

HSED ALLOCATED
24 35
2% 33
48 6R

AREA CV
PER CPNT

SROOUCTION
cy

PER CHNT
39,779

18,451
38,724
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STRATUM

STRATUK

STRATUR

3
%
T
B
TATAL

STRATUM

o0~

TOTAL

STRATUN

QDD DY

WHEAT AREA
HECTARES

WHFAT
PRODUCTION
METRIC TONS
3414,5
1967,
5918443

4RA641.8
559207 «&

Hia
3
My
"0 g

[={=Lal'- =]

WHEAT AREA
HECTARES

{69? 67 .f)
667202, 0

WHE AT
PRODUCTION
HETRIC TANS

850773.4

TABLE C-13.— TSL OLD

STAN

STANDA

(a) August 1.

DAR

x
RQ

NN
At

X
F;U

Sy

WHEAT
ERR?R

=\

x
4
hl
no

VPO NDe

35

0 =

MR

AU N

B
Rz

MY
PPNED

Rrero

C-42

SOQUARE PR

HISTOR

[= Tt
v%ﬁ

j=3=f=1=l]
'LELN]
—-wIoTE ZTa

WHEAT VARIANCF
SOUMRE HFGTARES

1AN94 729, 0
SAG1 344 ,0
543639957. 0
3%354387049.ﬂ
50244939TT6.0

WHEAT PRODICT ION
VARTANCE

SOUARE MFTRIC TONS

SQUARE PROPORT

294L8226..0

A?243073A384,.0
A13549249344.,0

HISTORIC WHE
VAQIA?

WHEAT VARIANCF
SOUARE HECTARES

WHEAT PRAONICT ION
VAR I ANCE

SOQUARF METRIC TONS

302365140
3212384, 0
RARNB2N .0
G?GOQDL,O
&

2
i3
9123
112746136 T04.0

MIVAER OF SAMPLE
SERMENTS
USEN  ALLOCATED

L]
NI
o

AREA CV
PER CENT

704097

"

PRODICTION
ct

PFR CFNT

NUMBER ﬂ!; £
USED |, ALL

O S et i

N
e

PRODLC T HON
cy
PFR CENT

3R 674
39,543
18.990
39,543
3y.49n



PABLE C=-13.-~ Concluded.

(c) September 27.

STRATUR WHEKE AR Ed ac UERRENTS MISTORIC WHEAT  NUMRER OF SRENIS
GELTARES SOUARE PROPORT 1NN  HSED  ALLACATED.
3 8376.0 9 0.00150 1 0
& 19543.9 11 0- 00980 0 0,
7 145184, 1 110 D.01430 I} by
a 12272653,0 574 0. 08000 76 &4
TAL 1395757, 0 704 004777 54 50
[ ¥ :
STRATUM WHEAT AREA STANDAR YHEAT WHEAT VARIANCE AREA LV
RD
HECTARES DAR B TR S SOHME HECTARES PER CENT
3 97717.5 999 ,6 999717, 2 10, 779,
& 25547 ,3 3LAT .6 1 20P4246,0 N 13.%76
7 L4t Dh G 171177.8 295078400, 0 11.879,
a 15979 11.0 21693006 . 4TO5RR9R 944 s 0 T3e4Th
TOTAL 177T732372.0 23B575.6 S591R347TTH. 13,473
+
STRATUN WHEA WHFAT WHEAT PRODICT INN FROOUCTINN
PRODBCTI ON PRODUCTI DN ' . VAR LANCF cﬁ
STANDARD ERR(OR
. METRIL TANS METRIC TONS SAUARF METRIC TONS PER CENT
3 29 1824.4 3320322.0 3857
. Iy 13076 0% 5123.0 2&7 45441 391327
7 73749, 2 2845718 #3008 52R o 0 3R,A57
8 8149365 330453.2 | (0T LEARAE 20, 19,397 .
TOTAL - 9064397 50706 176786273 28040 39,97 .,

(?RIGNAH PAGE IS

C-43



STRATUM

STRATUM

STRATIM
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TNTAL

STRATHY

LY 1)
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E

x
St bt -
LA INnI
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WHEAT AR EA
HELT AR ES

WHEAT
PRNDUCTINN
METRIC TINS

&£80299,4

HISTARIC
WHEAT ARE A
HFLT ARFS

SATE L0
1084 3,9
IEIETAS |
12 r#Eh 50
1308757 ,.0

WHEFAT ARFA
HEFT 4F FS

Inend &
L6210

1 L)AL, 7
15% 210,10
1772717.0

VLHEAT
PROANHC Y 1w

METRTT 1728

RRAZ.G
12aan0.0
TARIA. B

21207149
QRANR 5,3

-

TABLE C-14.— TSL NSS

(a) August 1.

NUMBER 0F R HISTORIC WHFAT
Al SEGHENTS VARIANLF
- * - SOLMRF PROAPORT I MM
g 0. 00150
11 0.90990
' 110 0.01430
514 n.asnn60
704 O.04T 2T
L
WHFAT WHEAT VARIANCF
STANDARD ERR NR :

CTAR FS SOUARE HF. TARFS

1610.3 7592 9]0,

3757.3 14]17396
2791146 705 9?0-6
235054 .9 5652507TR4 756, 0
+ 268334.0 ¢ T2003092 4R0.0
FAT WHEAT PRﬂnlI:Tfm
PRODY CT!I"N EANGF

STANUARD FRR NR

METRILC TONS SOUIARF METRIC TrmS
170t.2 2894044 .0
295944 1537150474 .0
29487 .4 8695091 20.0
2483725.6 61665579008 .0
2B3483,4 ROBGZAKLELAN.D

(b) September 2.

NUMBFR DF HISTGR!’C HHFAT
AL SFGHEMTS N(.F
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wHEAT HHA T punmrTrr-N
PROMICTIIN ANI R

STarnhkiy FuX NR

PETEIC TOMS SOMARF MFTRIC Tm<

Jiro,1 LTUNGA, D

, L elnY. bk ZAOGNARN O
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STRATUM
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STST ats
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WHEAT AR EA
HECT AR ES
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AlLh,9
157505 . 2
1760850.0
195R5hH4,0

YHEAT
PRADNICTIAN
METRIC Trws

TABLE C-14.— Concluded.

(c) Septembexr 27.

WHFAT
RR NR
CTARF

STAMDARD F
HE

| P P
* s ® e ¥
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PRONDUCTIMN
STANDARD FRROR
METRIC TAMS

C~45

Y

HISTDRIC WHFAT
VAR{ANCF
SOMRE PROPORTIMN

0.05000
Ne 06T 27

WHF AT VARTANCF
SOLIARE HFC TARFS
7692 253 .0
Jesaedis
STRASRT 264N 0
69BAT4555976 .0
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SOUARF MFTRIC TS
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W

NUMRER {IF SANPLF
SETMFNTS
USEND  ALLNCATED

~ P20
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n
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&
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e

4.
5

ARFA CV
PER FNT:
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PRODUCTI NS
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APPENDIX D

SPRING-WHEAT TO SPRING-GRAIN RATIOS FOR
SECOND-GENERATION SEGMENTS IN NORTH DAKOTA



SPRING-WHEAT TO SPRING-GRAIN RATIOS FOR
SECOND~GENERATION SEGMENTS IN NORTH DAKROTA

APPENDIX D

Second-generation segments in North Dakota (ND) with spring-

wheat to spring-grain ratio, strata, and county names are tabu-
lated as follows:

Segment
Ratio numnber Stratum
0.606 881 ND/US=-20
. 606 882 ND/US=-20
'.606 883 ND/US-20
.627 884 ND/US-20
.606 885 ND/US-20
.627 886 ND/US-20
+627 887 ND/US-20
.627 888 ND/US-20
.627 889 ND/US-20
.567 890 ND,/US~20
-606 891 ND/US-20
.627 892 ND/US-20
- 567 893 ND/US-20
.627 894 ND/US-20
. 606 895 ND/US-20
.627 896 ND/US-19
.655 897 ND/US~19
627 898 ND/US-19
.822 B99 ND/US-19
.606 900 ND/US-19
.567 901 ND/US-19
. 655 902 ND/US-19
.676 903 ND/US-19
.676 904 ND/US-19
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County

Cass
Cass
Cass

Grand Forks

Traill

Cavalier
Grand Forks

Pembina

Pembina
l*Ransom
'Walsh

'Grand Forks

+ Richland

Grand Forks

Steele
Ramsey
, Pierce
“Cavalier
Renville
Griggs
LaMoure
Rolette
Foster
Stutsman
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Segment ERY

Ratico number Stratum County
0.567 905 ND/US-19  Sargént
.606 906 ND/US-19  Griggs
.627 807 ND/US~19 Towr}er’
_-655 908 .  ND/US-19  McHenry®
. 655 909 ND/US-19 Benson

.822 910 ND/US-19 Ward
. 655 911 ND/US~19 Bottineau
. 606 912 ND/US-19  Barnes'
567 913 ND/US-19 LaMoure
.676 914 ND/US-19  Stutsman
. 655 915 ND/US-}9 McHenry
.676 916 ND/US-19 Stutsman
.676 917 ND/US-19 Wells
.655 918 ND/US-19 Bottineau
.822 919 ND/US-19 Renville
.627 920 ND/US-19  Ramsey
.676 921 ND/US-19  Eddy
.627 922 ND/US-19  Ramsey
-.655 923 ND/US-19 Benson
{.606 924 ND/US-19 Barnes
7.655 925 ND/US-19 Pierce
-.822 926 ND/US-19 Ward

) .627 927  ND/US-19 Nelson
.567 928 ND/US-19 Sargent
.641 929 ND/US-21 Emmons
.567 930  ND/US-21  Dickey
.741 931 ND/US-21 Dunn
.641 932 ND/US-21 Grant
.741 933" ND/US-21  McLean
.641 934 ND/US-21  Sioux
.741 935 ND/US-21 Mercer
.741 936 ) ND/US=-21 McKenzie
.739 937 ND/US-21  Hettinger
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Seqment

Ratio number Stratum
0.741 938 ND/US-21
. 641 939 ND/US-21
.567 940 ND/US-21
.641 941  ND/US-21
.739 942  ND/US-21
.741 943  ND/US-21
.822 944  ND/US-21
.822 945  ND/US-21
.822 946  ND/US-21
.641 947  ND/US-21
.567 948  ND/US-21
.822 949  ND/US-21
.395 950 ND/US-21
. 641 951  ND/US-21
.567 952  ND/US-21
. 676 953 ND/US-21
.822 954 ND/US-21
. 641 955 ND/US-21
.741 956  ND/US-21
. 741 957  ND/US-21
.822 958  ND/US-21
.822 959 ND/US-21
.822 960 ND/US-21
.741 961  ND/US-21
. 567 962 ND/US-21
.739 963 ND/US-22

Countx

Mercer
Emmons
Logan
Burleigh
Slope
McLean
Ward
Divide
Williams
Sioux
Morton
Mountrail
Sheridan
Grant
McIntosh
Kidder
Mountrail
Burleigh
McLean
Dunn
Williams
Williams
Mountrail
McKenzie
Morton
Bowman
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