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ABSTRACT

Por the purposes of area estimation a segment is said to be completely
identified if the acreage of each crop of interest can be directly estimated.

A segment is said to be only partially identified if some individual crops within
a family of crops cannot be differentiasted and their acreages individually esti-
mated. For example, if it estimated that 307 of a segment is spring small grains
but no further differentiation into say spring wheat and other spring small grains
is made, then the segment is only partially identified. Several methods of
estimating individual crop acreages using a mixture of completely identified and
partially identified segments from a single growing year are derived and discussed.
A small Monte Carlo study of eight estimators is presented. The relative empirical
behavior of these estimators is discussed as are the effects of segment sample

size and amount of partial identification. .

The principle recommendations are (l) to not exclude, but rather incorporate
partially identifed sample segments into the estimation procedure, (2) try to
avoid having a very large percentage (say 80%) of only partially identified
segments in the sample, and (3) uée the maximum likelihood estimator althougn
the weighted least squares estimator and least squares ratio estimator both perform
almost as well.

In this report the family of crops which cannot always be completely identified
is assumed to contain a particular crop of interest and the rest of the family is
essentially considered collectively as simply a second crop. For example, the
family of spring small grains might be subdivided into two crops, say barley and

“other spring small grains'.
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1. Introduction

A sample of segmerts within a atratum is selected. Each segment is observed
repeatedly through the growing seasons. The objective is to estimate for each
crop of interest the proportion of the stratum's acreage corresponding to that
crop's harvested acreage.

In this report, we shall assume that there are only two crops of interest.
Furthermore, we shall assume that only data from the current growing year are to
be used in estimating the crop at harvest proportions. The ~ases corresponding
to more than two crops of interest and data available from moie than one growing
year will be considered in subsequent reports.

The sample segments are all assumed to be of the same size. No assumption is
made about the stratum size or the segment size. The sampled segments are'aaaumed
to represent a random sample (without replacement) from the segments in the stratum.

Each sample segment is assumed to have been observed at least once during the
growing year and possibly several times. The two crops of interest will be desig-
nated as crop A and crop B. When a sample segment is observed, the observation
can have the form

(pA’ Ppe P ocher)
where

Pp™ the estimated proportion of the segment which will be harvested

in crop A,
Pp= the estimated proportion of the segment which will be harvested in
crop B, and

p =1- Pp,~Pg" the estimated proportion of the segment which

other

will not be harvested in either A or B.
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Alternatively, estimates may not be made on A and B separately but only on A and

B collectively, so that the observation can have the form

(p )

A+B’® pot:hcr
where

q&+ﬂ = the estimated proportion of the segment that will be harvested

in either A or B, and

|/

other = l- 3%&8 s the estimated proportion of the segment that will

not be harvested in A or B,
These estimates are assumed to reflect any previous observations made on this sample
segment during the current growing year. If a sample segment's current observation

is of the form

(P4s® Pothed®

then the sample segment will be called partislly identified. If its observation is

of the form

(EA’ P )

B’ ‘other
then it will be called completely identified.

The proportion of the stratum harvested in crop A will be denoted PA with PB

similarly defined. The objective is to estimate PA and PB using the observations
on the sample segments. This estimation may have to be made at more than one time
during the growing year. Of course, if there are no completely identified sampled

segments, only the sum PA + PB can be estimated on the basis of the sample segments.

13




2. Estimation Procedures

There are undoubtedly several decision makers within a stratum who collectively

determine the proportional acreages (PA' P ) for the stratum., The exact

B’ Pother
decision making process is unknown. Hence, certain assumptions will be made about
the outcome of this decision making process, and these assumptions will suggest a
few reasonable estimation proceduraes for consideration. The assumptions are at best
approxinations and are no doubt technically not eatisfied. The only role of these
assumptions 1s to suggest estimation procedures. The worth of these procedures
will not be determined relative to the underlying assumptions which suggested them,
but rather determined by their behavior on real sample data.

The number of acres harvested in a segment, say (XA, xB. N- KA - XB). will
ve assumed to follow a multinomial distribution with 4

P(xA = Xyo Kp = xp)

- N p, Ap B (1.p, -p) WEHp

' A B A B

— . (1)
ERETY (N - Xy = xB).

This assumption would be technically correct if every decision maker acted independently
and for each unit of acreage chose crop A, crop B, or other with probabilities

PA’ PB’ and P vespectively. The CAMS estimated segment propoxcions(pA, Pgr P

other othet)

are assumed to correspond to

XA . XB , N - XA - X .
N N N

The following notation will be used throughout this paper. The total number of
segments sampled will be denoted by
n = gegment sample size (2)
The sample segments which have been completely identified will be denoted by

1-1.. 2! sy Ic (3)

(Pays Ppys 1Ppy = Ppy)
Similarly, the sample segments which have only been partially identified will be
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denoted by
[(PA + pB)j' l- (pA - Pn)jlﬁ 3-1’2, eonpde (4)

Hence
ne]I+J, ) : ?

Since no ssparate estimate of PA and Py could be made solely on the basis of the
sampled segments wnless some sampled segments had been completely identified, it

will be assumed that

1>0 (6)

Under the sssumed multinomial distribution (1) the joint likelihood for the

CAMS estimates is

e R 2 L e et et

1 N pXatpXal (3 o p o py Ny~
Letsh Toxgmox, %1 A B A B
a1l Xpg A1 = ¥t ,

J Nt
i |
(%, + X1 [N=(%, + Rp) ]
X+ N-(X, + X.)
@, + 2 Ka* %) [1-(, + 21" %A B% )

or, equivalently,

1
L-{n _N!
=1 (wp, )t (Npgy)?t (N - Npyy - Npg)!

Np Np N=Np, ,~Np
P Al P Bi (I'PA'PB) Ai VBl

. ‘ ﬂ
A B ~

J
{n N!
L (e, + pp)y1t ML - (B, + py) D!

@, +2)VPa 205 @ - p, - pp" PRt Pn’j} , @
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The corresponding maximum likelihood estimates are
1 1 1 J o
Ep I pyyt B oppy *tE (pytyg)
PA bad S » (9)
1 1
Ep,,* T p I+J
g1 M gmy B2
é P % Pag + § Ppy *+ % {Pp + pp)
. 2. Pt Al . PBL A" Ppy
By - i=1 i=] i=1 i=l , (10)
1 I I1+J J

and
(1~ PA - PB) = 1- PA - PB o (11)
k.
The form of these estimators is really quite intuitive. For example,
P = Estimated Proportion Estimated Proportion
A of Crops A and B . of the Stratum that . (12)
that is Crop A. is Crop A or B

2.2 Least Squares Estimates
If (ﬁAf %B’ l- %A - ﬁB) is chosen to minimize

I 2, 1 2,1 2

T (Pay =P+ L (py, =PI+ F[(1~ - -(1l=-P,~-"P +
oy Par T AT 0 PR TR T Pay = Ppy) = (1 - By- Pp)l

J 2 J

I [(py +pp)y - (By +Pp)I" 351[1 = (py +pp)yl - [1 - (P, +Pp)] ? (13)

i=1

B -3 B
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with respect to PAmd PB. then (fA. i"n, le- ﬁA - B," weitdd be the least squares

estimate of (PA. Pge 1 = P, = Pp). The resulting least squares estimates are

1 4 J
Po=q2t p.+ po, + 28 (p, +pp), = P28/ 204 0) (14)
A {1-1 AT BT i AT YT D e
and
p ( za)g ZJI zzJ( ;/( (14)
- 31+ Prg = 238 p,, +2IC + I(3L + 4J), 14
B =1 2 e AT Ty PA " Py ‘ ‘

LR

2.3  Heighted Lecet Squores Zstizates
Since one may wish to give more weight to more precise (less variable)

estimatas than to less precise (moys variable) estimates, a weighted least squares

estimate of (PA’, PB’ l- PA - PB) may be preferable. The weighted least squares

estimate minimizes v
I 2. 1 2
gy Vag (Ppy BT H E Mgy (ppy = PP 4
kd 2
151 wA“'B.i ((1 - pAi - pBi) - (1~ PA - PB)] L
J 2 J

[1-, + P)] ’-} (15)

with respect to PA and PB. The corresponding weighted least squares estimates

would be

N 1 I J
P,=l sW, p,*+ LW (P, +P,,)+2 W (P, +py),; -
A {1_1 ALPAL T L AdB, 1 AL T TBA yup AtB,3 A T TRy

1 J 1 1 J
P, ( zw +2 W W/ TtwWw.,+ W +2 W
B ' jap AtB,1 ym1 A+B,j} {1.1 AL T2, AB j=1 A+B,j}
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B : : ( ) +2 ' W G )
a® ([ EW.Pppa * LW Pag * Pue) +2 E Pa*Pady ]
B quy BATBL T Oy A+B,1'YAL " VBt yo1 A¥B, 1V A 7 ¥y
: 1 1 J
LW,,+ LW + 2t W ] -
{ % % W (Pae * Ppg) + 2 g ( ). )
WPy * p P + w P, *PD .
quy ALFAL T TAYB,ATVAL T TBL gm A+Bj ‘YA " ¥p’y
[ : +2 Jw IV L Iw + Iw + 2 Jw ] -
EW 2 I W, A £ | . o
: I 1 J l I J 12 ,
EW.,+ LW +2 Iy, -[ £W +2 W . (16)
quy BL T oy A¥B, yu1 A+B, 3 quy A¥By1 yul A+B, 3

L3

1f the weights, W, are all taken to ha one, then the weighted least squares
catimates (16) are equal to the least squares eatimates (14). A reasonable
alternative to equal weights, say W's = 1, is to waight each squared difference
inversely in proportion to the approximate varianca of the CAMS estimate it con- =
tains. Specifically, f

"Ai - llﬁA(l - ﬁA) 1-1.2,..;1.

WBi - 1/?3(1 - iB) . 1°1|2.00l,1’

W‘“'B.i - 1,(1 - PA "’I’B)i(PA + pB)‘- ’ 1.1’2'...1. ,
“A+B,J - II(PA + Pn)j<1 -P, - PB)j y 3=1,2,...J, Q7)

These weights put more waight on the differences where the CAMS estimates are
more precise (less variable).
The weights (17) use estimated variances corresponding to the multinomial

distribution asswiption. The zctual calculation of the weighted ledst squares

estimates would be an iterative procedure. Initially, the weights would be set




equal to one, then !'A and ';"5B deternined from (16). Thess initial estimates §A i

and . would be substituted into (17) to determine the weights for the second

B
iterstion. Ths evaluation of (16) nov yields the sscond set of estimates

'i’A and ﬁb’ After a moderate number of iterations, say 4, the i’A and i’B should
change very little and will be taken as ths weighted least squarcs estimates.
2. 6 ; ' ) . .

Proportion Estimate

An slternative approach is to use only the completely identified sample segmente

to estimate
R, = l’A/ (PA + PB) (18)

where RA is the relative proporéion of crop A among the acreage proportion for
crop A or B. Similarly,
RB - !?B/(PA + PB) -=]=- RA' (19)

Ther, +zving sstimated RA and hence RB’ estimate the overall stratum propof:cion'

P A and PB by

LA A ?A-O-B
and

Pp=fy  © Pus (20)
where ?A+B i8 an estimate for the combined acreage proportion

Pap " Py *Pp - (21)

The combined acreage proportion P, . could be estimated by the maximun
1ikelihood estimate

. 1 I 3 o

Pasp ™ {1§1PA1 M T jfl("A + PB).,}/(I +1 . (22)

Other estimates of pA+B could be used.

The relative proportion R, can be estimated by minimizing

A
I 2, I 2 |
131““ " Ra(pyy + P 1" + ;1[ Py = (1= Ry (pyy + 0] (23)

L abebnt




(9)

with respect to RA' The resulting least squares estimator of RA is

(26)

i=] 1w}

A
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Someone once said, "The proof of the pudding is in the tasting." Similarly,
hers the proof of an estimation procedure's value lies in its actual performance on

real data, To learn about the empirical behavior of the four alternative estimation .

procadures
(1) maximum likelihood estimators, (9) - (11), §
. (2) least squares estimatowvs, (14),

(3) weighted leaest squares estimators, (16), and

(4) the combination of a least squares ratio estimator, (24), and the maximum

1likelihood proportion estimator, (22),

a Moute Carlo study was performed. The structure of the study is discussed in sub -

sections 3.2 and 3.3. The computer output from the study is repreduced in Appendices

A and B. The conclusions reached from the study are given in subsectismn 3.4.-

3.1 _Potential for Bias
When some of the sampled segments are only partially identified, it is possible %

for the estimators of (PA, PB' l-PAfPB) to be biased, |
To demonstrate this potential for bias, the following simple example is given.

The stratum is composed of two segments. Segment one has (pA, Pp* l-pApr) -

(.5, .5, 0), and segment two has (pA, Py l-pApr) =(.2, .6, .2). HMHence, the stratum

has (PA, PB' l-PA-PB) = (.35, ,55, .1). Suppose that the maximum likelihood estimator

(9) - (11) 4s to be used. One segment is to be partially identified and one completely

identified. If segment one is the one completely identified, then

od oS 05+05+-8 -
Py (3T ) =45 .

If segment two 1s the one completely identified, then

. 2 2+ 641
Py g1+

= ,225 |,
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Thus, the expected value of ﬁA is

-EtﬁA] = ,5(.45) + .5(,225) = ,3375 .

Hence ?A is biased since .3375 ¢ .35,

3.2 Monts Carlo Study
The simulation of the bshavior of the estimution procedures was based around
two real sets of CAMS estimates. The 1977 North Dakota CAMS estimates of
crop A = gpring wheat
and
crop B = spring small grains other than spring wheat
formed one set. The second set was the 1978 North Dakota CAMS estimates of
crop A = barley
and
crop B = spring small grains other than barley.
There were 83 segments comprising the first set and 76 segments in the second set.
Al) simvlations were done on each data set separately.
To obtain a single observation on <§A, EB, l-ﬁAfﬁn) for each estimator the
following procedure was performed:
i) Simulate a stratum by sampling without replacement segments from the
data set,
11) Select a sample of segments from the simulated stratum by sampling without
replacement segments from the simulated stratum.
iii) Calculate all estimators.
This procedure was repeated 1000 iimes for each data set, stratum size, segment sample
aize, and fraction of the segmen’ sample that would be only partially identified.

Stratums of size 40 segments and 20 segments were considered. The segment sample

sizes were 5, 10, and 15 when the stratum size was 40 segments and were 5 and 10 when




-12-

the stratum size was 20 segments., For each stratum size and segment llmpll‘iigly
20%, 40%, 60%, and 80% of the segments wers partially identified.

3.3 Evaluation Critexia.
There are several possible ways to measure the sample behavior of the estimators.
For each estimator and each of ﬁA' 53, and 1-§A¢63 the following measures were calcu~
lated for each data set:
(1) average absolute error = the average over 1000 simluations of
|# - p

| where P represents the actual crop proportion

Stratum stratum

in the particular simulated stratum,

- 2
(11) average squared error = the average over 1000 simulations of (P - P )

etratum

(111) bias of average estimate = the difference between the average (ﬁ) in 1000
simdlationa and Pset where Pset is the actual crop proportion in the
entire set of segments, and '

(iv) sample variance of the estimator,

Some information is, of course, lost when some segments are only partially
identified. To assess this loss, the maximum likelihood estimators were also calcu-
lated using the complete identification for all sampled segments. Since these esti-
mators have complete information for the entire sample of n segments instead of
complete information on only some of the n segments and partial information on the
remainder, these latter estimators should perform better.

To show that the inclusion of the partially identified segments into the
estimation procedure is better than simply ignoring them, the maximum likelihood
estimators, least squares estimators, and weighted least squares estimators were
also calculated using only the subset of the n sample segments corresponding to the

completely identified segments,
The observed behavior of each of thase eight estimators is detailed in the

computer outputs reproduced in Appendix A for the 1977 spring wheat data set and

Appendix B for the 1978 barley data set.
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3.4 Indications of the Moute Carlo Study

Surmaries of the observed average absolute errors for the better estimators
are given in Tables 1 and 2 for the 1977 and 1978 data sets respectively. The
average over the entire data sets of (pA. éB' l- Py - pB) are

1977:  (.235, .073, .692)

1978: (.053, .251, .696).
Hence it is not surprising to obaerve that the behaviors of the estimators for A in
1977 ere very similar to those for B in 1978 and, correspondingly, the estimators
for B in 1977 and for A in 1978 have nearly identical behavior. Also, the behaviors
of the estimators of 1 = PA - PB in 1977 are nearly the same as the corresponding
behaviors in 1978.

The unweighted least squares estimators given in (14) are substantially in-
ferior to the other estimators, and hence their behavior is not summarized in Tables
1 and 2, There are much smaller differences among the remaining eestimators.

When both the partially and completely identified sample segment estimates
are incorporated into the maximum likelihood estimator (MLE) given in (9)-(11),
the weighted least squares estimator (WLS) given in (16), and the combination of
the least squares ratio estimator (LSR) given in (24) and the maximum likelihood
proportional acreage estimator given in (22), all three estimators have similar
behavior, Overall, the MLE is slightly better then the WLS, and the WLS is slightly
better than the LSR. The differences are only slight since the average absolute
error for LSR is never more than 110% of that for MLE. The average squared errors
tell the same story. There are no significant differences ameng the biases or sample
variances for the MLE, WLS, and LSR.

The effects of the sample size and amount of partial identification are
essentially the same for MLE, WLS, and LSR. When the underlying data set propor-

tional acreage 1is nearly 25% as it is for PA in 1977 and PB in 1978, then the average

absolute error decreases as the segment sample size, N, increases roughly as
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follows

04 for n = §,

.03 for n = 4, "end

.02 for n = 3 !5
When ths underlying data set proportiocnal acreage is nearly 5% as it is for'PB
in 1977 and P, in 1978, then the average absolute decreases with increasing segment
sample size roughly as follows

.02 forn= 5,

.015 for n = 10, and

+01 for n = 15,
There is roughly a quadratic increase in average absolute error as the Amoun: of
partial identification increases from 20% to 40% to 60% to 80%. The average absolute
error increases around twice as much when the amount of psartial 1danc1£1cationr
increases from 60% to 80% as it does when the amount of partial identification
increases from 40% to 60%.

All of the estimators seem to slightly (%) overestimate the combined propor-
tional acreage for A and B when the segment sample size, n, i8 5. This bias drops
to %% when n = 10 and essentially disappears at n = 15,

The WLS does not seem to be as good as either MLE or LSR when thére is only
one completely identified sample segment.

Tables 3 and 4 indicate the slight increase in average absolute error caused
by only partially identifying a segment's acreages instead of completely identifying
them. Only the behavior of MLE is summarized since WLS and LSR should behave
similarly. Naturally the increase in the average absolute error increases as the
amount of partial identification increases. For less than 80% partial identification
there is always an increase of less than .0l. For 80% the largest increase is less
than .017. At 80% partial identification the average absolute error can double.

Of course, if there is 1007 partial identification, then there are no individual

crop estimates.

»

DRI
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Tables 5 and 6 indicate the averags absolute errors both wﬁth’qnn without
the partially identified sample segmente being included in thovjleimjtori HLB,lnd“
WLS. These tables are presented to exemplify the value of at least partially
identifying a sample segmant instead of simply disregarding it if it can't be
completaly identified. The percentage 1nctiaap in the nvnrago,abioluti,cttotl

when the underlying proportional acreage is nearly 25% is usuaslly at least

' 5% - 10% for 20% partial identification,
104 - 25% for 40% partial identification,
25% - 502 for 602 partial identification,
50% - 1008 for  80% partial identification.

The percentage increases are somswhat smaller when the underlying proportional

acreage is around 5%.
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4, Recommendations
On the basis of the limted Monte Carlo study the following recommsndations

arve nade:

1) As long as there are soms completely identified sample segments, =
it is reasonable to estimate the individual crop proportions in the
stratum.
2) 1It is prudent to avoid having a large percentage (oay 80%) of only
partially identified sample segments.
3) 1t is much better to incorporate the partially identified sample segments
into the estimatcrs than it is to disregard the partially identified
sample segments.
4) The maximum likelihood estimators sesm to be the best estimators, but

they are not greatly superior to weighted least squares estimators or
the use of a least squares ratio estimator.
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Table 1, 4 Sumeary of ¢he Average Absolute Error for the Maximum Likelihoogd Estimator (ag),
the Weighted Least Squares Estimator (WLS), and the ombination of Lesst Sguares
Ratio Estimator (LSR) with the Maximum ukcuhoodrroporgioml Acreage Estimetor
on the 1977 North Dakota Spring Wheat Data Set S ‘ :

2 Stratum Segment Segments
¢ Sample Sample Only

ORIGINAL PAGE IS
OF POOR QUALITY

S S By %, ? 1-8,-4,
Estimator: v "
40 5 1 0424 ,0433) ,0156 0157 .0156
2 *0433 0435 .0442] L0177 0176 -0181} .0516 .0s16 ,0s16
3 +0442 .0452 .0450] .0210 0208 +0213 .0520 .0510 ,gs20
4 (0491 .0621 .0491f .0281 0410 -0281§ .0505 .0507 0505
10 2 +0276 .0276 .0261 .0206 .o106 +0104f .0334 0334 0334
4 -0288 .0288 .0296{ .0120 .0322 -01201 .0343 .0343 0343
6 +0298 .0299 .0305{ .0144 .0145 01491 .0342 0352 0342
8 10328 .0334 .0338] .0194 0199 +02021 .0339 .0339 " 0339
15 3 +0206 0206 .0210) .0079 .gg79 -0080} .0248 0248 0248
6 10207 .0207 .0212) .0093 .qgos -0096] .0247 ,0248 0247
9 +0216 .0217 .0222] .0108 .0110 01141 0247 0247 0247 |
12 +0249.0251 .0260] .0160 .0160 -0170} .0251 .0252 0251 g
20 5 1 +0367 .0387 ,0395) .0140 o150 01491 .0473 .0472 0473 b
2 +0385 .0387 .0394) .0172 0173 +0176} .0463 .0463 0463 ;
3 +0417 ,0425 ,0426) 0199 -0199 0202 .0477 .0476 .0477 i
4 -0464  .0610 .0464) .0287 -0439  ,0287] .0472 0474 .0472 s
10 2 +U231 0231 .0236] .0085 .0qgg +00871 .0272 .0272 0272 '
4 10232 .0233 .0240] .0105 9103 0107} .0271 .0271 0271 L
6 02410242 .0247] 0131 013, -01361 .0269 .0270 0269 8
' 8 02870290 .0296) 0185 .0192 0193 .07 .0278 0279 s
i
i

(‘7@"“ : s :




Table 2, , Bunmary of phe Average Absolute Prrop for the Maxinum Likelihood Bstimator (),
the Weigheed Least Squares Estimator (WLS), and the Combinacion of Least Squares
Ratio Estinator (LSR) with the Maximum Likelthood Proportionsi Acreage Estimator
on the 1978 North Dakotq Barley Date Set

itratun Segment Segments

' ample Sanple Only

iize 8ize Pnr::lauy A
Identif1eg QA

: Estimacor; , MLE HLS LSR

0205 ,0203 «02181 .0446 +0448 L0455 }.0523 0523 +0523 -

«0239 0232 «0252 | .0463 «0465 ,0470 +0516 .0s1¢ +0516 '

0333 0347 0333} .0515 0536 0515 0514 ,0515 +0514

/

+0508

Sl R CRR

0116 .0116 0125 0294 .0294 0302 #0341 ,0342 034
0136 .0136 0146 +0282 ,0283 0290 0332 0332 0332
-0163 .0160 0375 0316 .0319 0326 +0337 .0337 0337
0229 ,0227 0242 10348 0355 0356 0335 .0335 ,g335

}‘ '1,0
|

@ & oo

15 0092 0091 -0100} .0219 0219 ,0225 260 0259 0260

0103 ,0102 0112 | ,0225 «0225 ,0234 0262 L0262 0262
9 <0129 0125 0139 | ,0231 «0231 0241 :0262 0261 -0262
12 0173 0169 0187 | ,0263 0265 ,0271 0260 ,0260 +0260

S W

0169 ,0168 +0179 | .0408 <0408 .0414 +0486 ,0486 +0486
0190 .0189 0202 { L0414 0415 ,0422 <0482 0483 «0482
0233 L0227 0246 1 0441 «0445 L0447 +0492 0493 0492
0327 0356 0327 | .0488 0521 ,0488 0478 0480 <0478

&NNH

10

0100 .o0100 0109 | .0239 0239 ,0245 «0274 0275 0275
«0123 0123 +0133 | ,0238 -0238 ,0243 0271 L0271 +0271
0149 0147 0165 } ,0254 0253 0263 <0265 0266 +0265
«0217 ,0220 0232 | 0305 0306 .0316 0277 0278 <0277

@ o o
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Teble 3. 17ie Loss Prom Only Partially Identifying Sample Segments; A Summary of the Average
Absolute Brrors for the Maximum Likelihood Estimator Both With A11 Sample Segments
Completely Identified and Wien Only Some Completely Identified and che Remainder
Partially Identified (1977 North Dakots 8pring Wheat Daca Set)

Stratum Segment Segments
Sample Sample Only

Size 8ize Partially ? P
Identified A Fp
All Some All Some
40 5 1 0616  ,0424 0147 0156
2 <0425 L0433 0146 0177
3 04146 L0442 0146 0210
4 0413 0491 0145 0281
10 2 0271 L0276 0098 0105
4 :0278  ,p28s +0099 o120
8 0276 L0328 0100  ,0194
15 3 0203 0206 0072 0079 §
¢ .0200 0207 0074 0093 :
9 0200 0216 0072 0108
12 .0205 .0249 0073  .o0160
20 5 1 .0383 .0387 .0137 0149
2 0378  ,0385 .0139 0172
3 .0389 0417 0140  ,0199
4 .0385 0464 .0137 L0287 :
0 0227 0231 .007%6 0085 P
4 .0222 .0232 .0081 .0105 g*i
6 .0221 ,0241 .0078 0131 g
8 .0229 .0286 .0080 .0185 :
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Table 4, The Logse From Only Parcially Ldentifying Semple Segments: A Summary of the Average
Absolute Brrors for the Maximum Likelihood Bstimator Both Wieh All Sample Segments
Completely Identified and Uith only Some Completely Identified and ¢he Remainder
Parcislly Identified (1978 Noreh Dakota Barley Dats Set)

Btratunm Segment Segments
Sample Sample Only

8ize Size Partially
Identified §A ?B
AL Sone AIT ome
40 5 1 . +0070 o183 0421 0426
b 2 .0170 0205 0431 0446
; 3 0167 0239 0426 0463
| 4 0170 0333 0426 08518
H
; 10 2 0106 L0116 «0288 0294
4 0108 0136 0276 0282
6 0106 0163 .0288 0316
8 0108 0229 0281 0348
15 3 .0081  ,0py2 0215 0219
6 0082 0103 0216 0225
.0080 0129 0216 0231
12 .0081  ,0173 0215 0263
20 5 1 0156 0169 0399 0408
2 0156 0190 0403 0414
3 0157 0233 0403 0441
4 0154 0327 0394 0488
10 2 .0087 0099 .0233 0239
4 0091 0123 .0228 0238
i 6 0085 0149 .0223 0234
8 0091 0217 0234 0305
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Table 5. A Summary of the Average Absolute Errors for the Maximum Likelihood Estimator
(MLE), end the Weighted Least Squares Bstimator (WLS), both With and Without
the Pgreully Identified Sample Segments on the 1977 North Dakota Spring Wheat
Data Set

Stratum Segment Segments
Sample Sample Only

i SR ntiftad % % |
Estimator: MLE ~ WiS ‘ MLE, ~ WLS
‘ With Without With Without With Without With Without
40 5 1 0424 .0476 0424 .0476 +0156 .0166 0157 ,0166
’ 2 0433 .0566 +0435 .0566 0177 ,0201 +0176 .0201
3 0442 .0693 0452 ,0693 .0210 .0254 ,0208 .0254
4 .0491 .1030 0621 .1030 .0281 .0365 +0410 .0365
10 2 0276 .0324 .0276 .0324 .0106 .0115 .0106 .0115
4 .0288 .0381 .0288 .0288 .0120 .0135 .0122 .0135
i 0298 .0491 0299 ,0491 «0144 .0176 .0145 .0176
8 0328 .0725 «0334 .0725 +0194 .0248  .0199 .0248
15 3 0206 .0245 .0206 .0245 0079 .0086 .0079 .0086
6 .0207 .0289 0207 .0289 .0093 .0107 .0095 .0107
9 0216 .0386 .0217 .0386 .0108 .0140 .0110 .0140
12 .0249 .0578 ,0251 .0378 .0160 .0204 0160 .0204
20 5 1 .0387 .0443 .0387 .0443 .0149 .0163 +0150 .0163
2 .0385 .0526 .0387 .0526 .0172 .0194 0173 .0194
3 .0417 .0682 .0425 .0682 .0199 .0242 .0199 .0242
4 0464 ,1005 .0610 .1005 .0287 .0359 «0439 ,0359
, 10 2 0231 .0278 .0231 ,0278 .0085 .0096 .0086 .0096
4 .0232 .0338 .0233 .0338 .0105 .0121 .0108 .0121
6 «0241 .0453 .0242 .0453 .0131 .0163 .0132 .0163
8

.0286 .0706 .0394 .0706 .0185 0241 0192 .0241
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Table 6. A Summary of the Average Absolute Errors for the Maximum Likelik:~d Estimator
(MLE), and the Weighted Least Squares Estimator (WLS), both With and Without

the Partially Identified Sample Segments on the 1978 North Dakota Barley Dats
Set

Stratum Segment Segments
Sanmple Sample Only

Size Size  Partiaslly : $
Tdentified £ '
Estimator: MLE ' WLS MLE VLS
With Wicthout With Without ‘With Withouy With Without
40 5 1 .0183 .0189 .0182 ,0189 +0426 .0475 «0626 .0475
2 ,0205 ,.0220 0203 .0220 +0446 .0579 «0448 .0579
i 3 .0239 .0273 .0232 .0273 0463 ,0689 +0465 .0689
4 .0333 .0389 »0345 .0389 .0515 .0103 +03536 .0103
10 2 .0116 .0120 .0116 .0120 +0294 .0326 .0294 .0326
4 .0136 .0149 .0136 0149 .0282 ,0380 .0283 .0380
6 .0163 .0187 .0160 .0187 ' .0316 .0501 »0319 .0501
8 .0229 .0276 0227 .0276 .0348 .0689 .0355 .0689
15 3 .0092 .0098 +0091 ,.0098 .0219 .0264 0219 .0264
6 ,0103 .0119 .0102 ,0119 .0225 .0324 .0225 .0324
9 »0129 ,0156 +0125 .0156 .0231 .0403 .0231 .0403
12 0173 .0216 0179 ,0216 .0263 .0590 .0265 .0590
20 ) 1 .0169 .0176 .0168 .0176 .0408 ,0466 .0408 .0466
2 .0190 ,0203 .0189 .0203 .0414 .0540 | .0415 .0540
3 .0233 .0265 «0227 .0265 «0541 .0679 »0445 .0679
4 .0327 .0385 .0356 .0385 .0488 .0996 .0521 .0996
10 2 .0099 .0105 .0100 .0105 .0239 .0281 .0239 .0281
4 .0123 ,0137 .0123 .0137 .0238 .0339 ‘.0238 »0339
6 .0149 .0176 .0147 .0176 .0254 ,0455 \.0253 «0455
8 .0217 .0260 .0220 .0260 .0305 .0646 +0306 .0646




APPENDIX A
MONTE CARLO STUDY USING THE

1977 SPRING WHEAT DATA SET
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