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I .  INTRODUCTION 

I . I  Background 

The National Aeronautics and Space Administra- 
t ion (NASA) land observatory s a t e l l i t e  (Landsat) 
is equipped with a mult ispectral  scanner (MSS) 
that measures the in tens i ty  of ref lected e lect ro-  
magnetic energy in four d i f fe ren t  wavelength 
bands. When these measurements (spectral signa- 
tures) are correlated with the vegetation on the 
ground, the assessment of crop acreages by 
acquiring and processing MSS data for  the area 
becomes feasible.  To test  the v a l i d i t y  of th is  
concept, NASA, in col laborat ion with the U.S. 
Department of Agr icul ture (USDA) and the National 
Oceanic and Atmospheric Administrat ion (NOAA), 
started the Large Area Crop Inventory Experiment 
(LAClE) in 1974 to develop a large area wheat 
acreage estimation system by u t i l i z i n g  remote 
sensing technology. 

The Landsat coverage of an area is in the form 
of a scene consist ing of X scanlines with Y reso- 
lu t ion elements per scanline, where X and Y are 
the number of scanlines and resolut ion elements, 
respect ively.  The size of a resolut ion element 
is approximately I . I  acres. Thus, in order to 
evaluate a scene, each resolut ion element in the 
scene is c lass i f ied  according to i t s  spectral 
measurement vector. 

The spectral classes are iden t i f i ed  through 
image analysis techniques. The MSS data for a 
scene are d ig i t i zed  and converted into color-  
infrared images, then photointerpreted to deter- 
mine the classes of spectral data. In th is  
e f fo r t  the best guide is crop knowledge of the 
area to which the image corresponds and the 
analysts' experience with photointerpretat ion.  
Since Landsat mult ispectral  data for  an area are 
col lected every 18 days and a crop can be dis-  
tinguished from others by monitoring the temporal 
development of i t s  f ie lds  from planting through 
harvest, the image analysts are able to label 
some spectral classes by crop types on the 
ground. Such label ing becomes the basis for  
estimating d i f fe ren t  crop acreages a f te r  discrim- 
inant analysis with respect to the spectral 
classes is performed. 

1.2 LAC!E Program 

In LAClE i t  was envisioned that agr icu l tu ra l  
survey systems could be developed to do crop 
inventory g lobal ly ,  using sa te l l i te -acqu i red 
information. For demonstration purposes, wheat 
was chosen as the crop to be estimated due to the 
economic importance of estimating wheat produc- 
t ion in various countries. Production was 
estimated by u t i l i z i n g  the d i rec t  observational 
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capab i l i t ies  afforded by Landsat, together with 
estimates of weather variables. The geographic 
subregions of a par t icu lar  country, which were 
selected to be re la t i ve l y  homogeneous with regard 
to wheat acreage and y ie ld ,  were each monitored 
( I )  to forecast the quant i ty of wheat acres 
avai lable for  harvest (both winter and spring, 
i nd iv idua l l y ,  in each subregion) and (2) to fore- 
cast the expected product iv i ty ,  or y ie ld ,  of the 
acres avai lable for  harvest for  each subregion. 
The t o t a l  wheat production for  each subregion was 
then computed by mul t ip ly ing the avai lable acres 
for  harvest by the y ie ld  for  harvested acres. 
The production forecasts for a l l  subregions were 
summed to obtain the country-level forecast. 
Acreage was estimated through a sample survey 
approach, while the y ie ld  predict ions were 
obtained through models developed by regressing 
h is tor ica l  y ie lds for  an area on local weather 
variables. In th is paper only large area acreage 
estimation is addressed. (Details and results of 
the LAClE program are being documented and w i l l  
be presented in the forthcoming LAClE Symposium 
to be held at the Lyndon B. Johnson Space Center, 
Houston, Texas, in October 1978.) 

Since LACIE was the f i r s t  attempt to u t i l i z e  
Landsat MSS data for any large area crop acreage 
estimation and no large-scale usable s a t e l l i t e  
information previously existed, i t  was necessary 
to use h is tor ica l  data avai lable by po l i t i ca l  
subdivisions for developing the i n i t i a l  LAClE 
sampling design. Po l i t i ca l  subdivisions also 
formed the basis for s t r a t i f i c a t i o n  within 
countries. In the United States the 1969 Agr i-  
cu l tura l  Census data at the county level were 
used to make the sample a l locat ion since these 
data were more accurate and consistent at th is 
level than the more recent estimates by the 
S ta t i s t i ca l  Reporting Service (SRS) of the USDA. 

When data from the 1974 Agr icu l tura l  Census 
and the processing of Landsat-acquired segments 
became avai lable,  both the s t r a t i f i c a t i o n  and 
sample a l locat ion were updated for the 1976-77 
crop season. Though consideration was also given 
to y ie ld  estimation in th is updating e f f o r t ,  i t  
had l i t t l e  ef fect  on the sample a l locat ion and 
there was no change in the basic sample design. 
Changes in sample size and sample a l locat ion were 
pr imar i ly  due to the development of a better 
sampling frame and the use of empir ica l ly  
assessed w i th in -s t ra ta  variances as compared to 
the variances previously computed, assuming these 
were proportional to those from a binomial 
d i s t r i bu t ion .  

F ina l ly ,  LAClE estimates of harvested wheat 
acreages for the U.S. Great Plains (USGP) during 
1975, 1976, and 1977 were compared with the 
corresponding SRS estimates, and the coef f ic ients  
of var ia t ion (CV's) of the LAClE estimates were 
estimated. 

2. LAClE SAMPLING DESIGN 

The sampling design was basical ly  a classical 
survey, where the sampling uni t  was a 5 by 6 
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nautical mile segment and Landsat data were used 
for the estimation. Classi f icat ion accuracy and 
certain engineering constraints other than sam- 
pling errors were the primary considerations in 
deciding on a segment size of 5 by 6 nautical 
miles for the sampling uni t .  

2.1 Determination of Sampling Units and Frame 

Due to various data base engineering con- 
s t ra in ts ,  a maximum of 4800 sample segments could 
be processed within a crop year, regardless of 
the size of the individual segment. Given this 
maximum number of sample segments, the physical 
dimensions of the sample segments were set at 5 
by 6 nautical miles. This size was large enough 
for the Class i f icat ion and Mensuration Subsystem 
(CAMS) analysts' use when obtaining wheat acreage 
estimates and small enough so the computer and 
manpower resources would not be taxed. Through- 
out this paper, the term "sample segment" refers 
to 5 by 6 nautical mile segments actual ly  in the 
LAClE sample; the term "segment" refers to any 
5 by 6 nautical mile area, whether or not i t  is 
in the sample. 

A sampling frame was constructed by f i r s t  
overlaying a map of the wheat-growing regions of 
a country with a large grid of 5 by 6 nautical 
mile segments, and then excluding those segments 
which appeared to have less than 5-percent agr i -  
cul ture,  as determined by an examination of the 
previous years' Landsat imagery. The remaining 
segments consti tuted the frame from which the 
actual sample segments were chosen. 

2.2 Al locat ion of Samples to Countries 

I n i t i a l l y  i t  was decided that approximately 
the maximum of 4800 sample segments would be 
allocated to eight major wheat-producing coun- 
t r ies ,  proportional to the i r  most recent wheat- 
production s ta t i s t i cs .  Two types of sampling 
strategy were used in LACIE" one for countries 
with h is tor ica l  wheat data on a detai led level 
(level D) and one for countries with published 
h is tor ica l  data only for f a i r l y  large po l i t i ca l  
subdivisions (level N). Table 1 l i s t s  the eight 
LACIE countries, the i r  smallest po l i t i ca l  sub- 
d iv is ion (SPD) for which published h is tor ica l  
data ex is t ,  and the number of samples in the 
i n i t i a l  a l locat ion.  

2.3 Def in i t ion of Strata 

In level N countries, sample segments were 
allocated at random within strata,  which were 
approximately the intersect ion of SPD's with the 
sampling frame. More precisely,  for a given SPD 
the corresponding stratum consisted of a l l  5 by 
6 nautical mile segments that were in the sam- 
pling frame and whose center points lay in the 
SPD (see Fig. I ) .  As a consequence, the agr icu l -  
tural area in each SPD, and hence in the whole 
country, was approximated by the col lect ion of 
5 by 6 nautical mile segments from which the 
samples were drawn. At the country level ,  the 
error in this approximation was negl ig ib le ;  how- 
ever, when the SPD's were small, adjustments had 
to be made to the wheat acreage estimate in order 

for  a stratum to obtain a more precise estimate 
for the corresponding SPD. 

In level D countries, each SPD was also 
approximated by the col lect ion of 5 by 6 nautical 
mile segments which lay in the sampling frame and 
whose center points lay in the SPD. However, the 
col lect ion in this case was called a substratum 
rather than a stratum because in some cases no 
sample segment was selected from i t .  To d is t i n -  
guish between an SPD and i ts  approximating col- 
lect ion of segments, the l a t t e r  was called a 
pseudo SPD (PSPD). 

A stratum in level D countries was defined to 
be the union of the PSPD's that correspond to the 
next higher po l i t i ca l  subdivision of the country. 
For example, in the United States the SPD was a 
county, and the next higher po l i t i ca l  subdivision 
was a crop-reporting d i s t r i c t  (CRD) within a 
state. Therefore, the stratum consisted of the 
col lect ion of a l l  pseudo counties whose corre- 
sponding counties lay within that CRD. 

2.4 Al locat ion and Selection of Segments in 
Strata/Substrata 

In the f i r s t  two phases of LACIE, the sample 
sizes for  individual countries were f ixed as 
shown in Table I .  Since l i t t l e  or nothing was 
known about the accuracy of y ie ld predictions at 
that time, i t  was decided to al locate the samples 
to strata (level N countries) or substrata 
(level D countries) in order to minimize the best 
a p r i o r i  estimate of the variance of the coun- 
t r y ' s  wheat acreage estimate. 

I t  is well known (Cochran 1963) that i f  a pop- 
ulat ion total  is estimated by s t r a t i f i e d  sampling 
over L strata with a total  sample size of n, the 
variance of the estimate (when the f i n i t e  popula- 
t ion correction is ignored) is minimized i f  n k is 
proportional to NkO k, where nk is the sample size 
for  the kth stratum, Nk is the total  number of 
segments in the kth stratum from which n k samples 
were selected at random, and @k is the standard 
deviation of the segment character ist ics (in this 
case, wheat acreages) within the kth stratum. 
This fact  was used in LAClE to obtain al locat ions 
to strata in level N countries, where N k was the 
number of segments comprising the kth stratum and 
Ok 2 was assumed proportional to the binomial var- 
iance Pk(l - Pk), where Pk was the h is tor ica l  
proportion of wheat in the SPD corresponding to 
the kth stratum. The optimal sample size for the 
kth stratum was given by 

½(I - pk )½ nNkPk (2.1) 

t k = k~ )½ • Nk.P k~(l - Pk" 

except that,  in general, tk would not be an inte- 
ger. For Phases I and I I  of LAClE, the nk's were 
taken to be the nearest integers to the tk'S. In 
level N countries this rounding had l i t t l e  ef fect  
since the tk'S tended to be rather large (between 
I0 and 50). Once n k was computed, n k sample seg- 
ments were selected at random fro'm the Nk seg- 
ments comprising the kth stratum. 

In level D countries an attempt to use this 
technique in substrata would resul t  in many tk'S 
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being less than 1 or between 1 and 2. As a re- 
su l t ,  the t k ' s ,  as computed in (2.1) ,  were used 
to categorize substrata into three groups" 

Group I" t k > 1.0 

Group I I "  0.I _< t k < 1.0 

Group I I I "  t k < 0.I 

The substrata in Group I received n k sample 
segments, selected at random, where n k was tk 
rounded to the nearest integer. 

Al l  Group I I  substrata wi th in  a stratum were 
cal led a Group I I  co l lec t ion .  Each ent i re  col -  
lec t ion received an a l locat ion  of segments equal 
to the rounded to ta l  of t k wi th in the co l lec t ion .  
For example, in the United States, i f  there were 
three Group I I  pseudo counties (substrata) in a 
pseudo CRD (stratum) with respective t k ' s  of 0.7, 
0.6, and 0.5, then the co l lec t ion  of three pseudo 
counties would receive a to ta l  of two sample 
segments (the rounded value of 0.7 + 0.6 + 0.5). 
Once the sample size, such as m, was determined 
for  a Group I I  co l lec t ion  consist ing of M sub- 
s t ra ta,  the sample segments were chosen with a 
two-stage sampling scheme: in the f i r s t  stage, 
m substrata were selected at random with prob- 
a b i l i t i e s  proport ional to the i r  h is to r ica l  wheat 
acreage; then one sample segment was selected at 
random wi th in each of the m chosen substrata. 
(Note that m _< M.) 

The Group I I I  substrata were those that would 
hypothet ica l ly  receive less than a tenth of a 
sample segment in the optimal a l locat ion and were 
not sampled at a l l .  Instead, the i r  wheat acreage 
was estimated by f i r s t  computing a h is to r i ca l  
ra t io  of the i r  wheat acreage to that of the 
neighboring Group I and/or Group I I  substrata; 
then that ra t io  was applied to the current year 's 
estimate for  the neighboring Group I and Group I I  
substrata. (See Section 3 for  more d e t a i l . )  

For Phase I I I  of LAClE, some modif icat ions 
were made to the a l locat ion  procedure. Instead 
of assuming that wi th in-st ratum wheat variances 
were proport ional to the binomial p(l - p), 
where p was the h is to r i ca l  proport ion of wheat 
in the stratum, i t  was decided that a bet ter  
approximation could be reached by assuming that 
the wheat variance was proport ional to the small 
grains variance. (The term "small grains" refers 
to the combined crops of wheat, barley, oats, 
rye, and f laxseed.)  This could be d i r e c t l y  es t i -  
mated from a regression model using Landsat 
imagery for  recent years. The advantage of the 
new procedure l ies  in the a b i l i t y  of analysts to 
examine a Landsat fu l l - f rame color image and to 
obtain crude estimates of smal l-grain proport ions 
(but not of wheat alone) for  a l l  5 by 6 nautical 
mile segments wi th in the area covered by the 
image. [See Feiveson and Hallum (1978) for  fu r -  
ther d e t a i l s . ]  

For level D countries in Phase I I I ,  the de f i -  
n i t ion  of Group I I I  was changed to the set (S) of 
a l l  substrata, such that 

a. The tota l  h is to r ica l  wheat acreage for  sub- 
strata in S was approximately 2-½ percent of 
the country's h is to r i ca l  wheat acreage. 

b. I f  S1 and $2 were substrata such that S1 e S 
and $2 ~ s, then $2 had more wheat h i s t o r i -  
ca l ly  than SI. 

The tk'S in (2.1) were then computed only for  
the substrata remaining a f te r  the e l iminat ion of 
those designated as Group I I I .  

F ina l l y ,  rather than a l locate the 4800 sample 
segments to the countries in proport ion to the i r  
production, i t  was decided in Phase I I I  that the 
tota l  a l locat ions in the United States and the 
U.S.S.R. would be revised by estimating the tota l  
sample sizes needed to sa t i s fy  given accuracy c r i -  
te r ia  and then using these sample sizes as long as 
the to ta l  was less than 4800. This was accom- 
plished by specifying a desired CV for  the produc- 
t ion estimate of each country and then ca lcu la t ing 
the sample size necessary to achieve that CV, 
given the acreage sampling error as computed 
(Feiveson and Hallum 1978), the a pr io r i  c l a s s i f i -  
cation error  variances, and the y ie ld  predict ion 
error  variances. The resu l t ing a l locat ion for  
Phase I I I  was a tota l  of 601 segments in the 
United States and 947 segments in the U.S.S.R. 
The 601 segments in the United States were dis-  
t r ibuted among 288 Group I and 164 Group I I  
counties. 

3. ACREAGE ESTIMATION 

Nonresponse due to cloud cover often reduced 
the number of sample segments acquired from a 
stratum. Because the strata were general ly large 
in level N countr ies,  i t  was f e l t  that unless 
three or more segment acreage estimates were 
avai lable in a stratum, no acreage estimate for  
the stratum should be made. In the case of 
level D countr ies, the strata were considerably 
smaller in size; therefore,  th is  requirement was 
waived at the stratum leve l ,  but was imposed at 
the higher level (zone). (The term "zone" is 
defined as the p o l i t i c a l  subdivision next 
higher to the stratum.) 

For level N countr ies, the wheat acreage es t i -  
mate of a stratum is given by 

n .  
NjRj J 

Aj = .~j ~ Ajk (3.1) 

k=l 

where Ajk is the wheat acreage estimate for  the 
kth segment in the j th  stratum, nj is the number 
of sample segments from the j th  stratum for  which 
estimates are avai lab le ,  Nj is the number of seg- 
ments in the j th  stratum, and Rj is the ra t io  of 
the actual area to the gross pseudo area for  the 
j th  stratum. (The term "gross pseudo" refers to 
the case where nonagricul tural  segments are not 
excluded from the accounting of the PSPD.) The 
use of the Rj in (3.1) enables an estimate to be 
appl icable to a p o l i t i c a l  subdivision area. 

In level D countr ies,  the acreage estimate of a 
stratum may consist of the Group I ,  I I ,  and I I I  
component estimates. A Group I substratum and/or 
the co l lec t ion of Group I I  substrata is treated as 
Group I I I  substrata i f  no acreage estimate is 
avai lable from at least one sample segment in 
each case. The Group I substrata are treated as 
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strata,  and a s t r a t i f i ed  random sampling estima- 
tor is employed for estimating the i r  wheat 
acreages. On the other hand, a probabi l i ty -pro-  
por t ional - to-s ize (PPS) estimator is used to 
estimate the wheat acreage for the ent ire 
Group I I  col lect ion of substrata in a stratum. 
The wheat acreage for the Group I I I  col lect ion 
of substrata in a stratum is estimated using a 
ra t io  estimator. 

Let A I j ,  A2j, and A3j denote the Group I ,  I I ,  
and I I I  component acreage estimates, respec- 
t i ve l y ,  for the j th  stratum. Then 

L l j  N Mljk 
Al j  = ~ ljkmljkMl 

k=l jk  .= 
A l jk i  (3.2) 

where Nlik is the number of segments in the kth 
substratum (PSPD) of the j th  stratum, MIj k is 
the number of sample segments for which es t i -  
mates are available in the kth substratum of the 
j th  stratum, R l -k  is the ra t io  of the true kth 
substratum areaJto i ts  gross pseudo substratum 
area, A l jk i  is the estimated wheat area for the 
i th sample segment in the kth substratum of the 
j th  stratum, and LI. i is the number of Group I 
substrata in the jt)~ stratum. 

M2j A2j k 
A2j = ~ R2jk ~ • N2jk (3.3) 

k=l 2jk 

where A2j k is the wheat area estimate of the 
sample segment belonging to the kth substratum 
in the j t h  stratum (Only one segment was a l lo -  
cated in each selected Group I I  substratum.), 
M2j is the number of sample segments for which 
acreage estimates are available in the Group I I  
substrata of the j t h  stratum, N 2- is the number 
of segments in the kth Group I~ Jskbstratum of 
the j th  stratum, R2j k is the rat io  of the true 
kth Group I I  substratum area to i ts  gross 
pseudo substratum area, and ~2jk is the proba- 
b i l i t y  of selection for the kth Group I I  sub- 
stratum of the j th  stratum, which is given by 

= M2jW2j k 
7T2jk W2j (3.4) 

where W2jk is the harvested wheat area during 
the primary epoch year in the kth Group I I  sub- 
stratum of the j th  stratum and 

L2j 

W2j = ~ W2jk 
k=l 

where L2j is the number of Group I I  substrata in 
the j th  stratum. 

Depending upon the number of segments in a 
stratum for which data are avai lable, three 
categories of Group I I I  acreage estimates are 
possible. Categories I ,  2, and 3 correspond, 
respectively, to three or more segments, one or 
two segments, and no segments having data avai l -  
able in the stratum. The rat io used for the 
Group I I I  estimator is the rat io of h is tor ica l  

wheat acreages for  Group I I I  substrata to Group I 
and I I  substrata. 

For category 1 estimates (three or more usable 
segments in the stratum), the r a t i o  is based 
solely on h is tor ica l  acreages within the stratum. 
The acreage estimate of the Group I I I  substrata 
in the j th  stratum is given by 

( A I j  + A2J)w3j (3.5) 
A3j = WIj + W2j 

where AIj and, A2j ' are given by (3.2) and (3.3) 
and WIj, W2j ana W3j are the h is tor ica l  wheat 
acreages for the Group I ,  I I ,  and I I I  substrata 
in the stratum, respectively. 

For the category 2 and 3 estimates (less than 
three usable segments in the stratum), the rat io 
is based on acreages in the zone containing the 
stratum for which the estimate is being made. 
The acreage estimate of the Group I I I  substrata 
in the j th  stratum is obtained by 

A3j : I- + W2 W3j (3.6) 

where a dot ( . )  in a subscript denotes the sum- 
mation over al l  the Group I or Group I I  sub- 
strata in the zone, whichever applies. The 
reason for d i f fe ren t ia t ing  between categories 2 
and 3 is to f a c i l i t a t e  the stratum variance 
estimation. 

Thus, the wheat acreage estimate for the j t h  
stratum of a level D country is 

Aj = A l j  + A2j + A3j (3.7) 

Wheat area estimates for zone and for higher 
levels (e.g.,  region and county) are obtained by 
adding estimates for the strata included in the 
zone, region, and country. 

In level D countries, the problem of acreage 
variance estimation involves several complexities 
result ing from the use of a two-stage PPS sam- 
pling scheme for the Group I I  substrata and the 
a v a i l a b i l i t y  of only one sample segment per sub- 
stratum in most cases. The variance estimation 
procedure in such countries consists of a series 
of steps. On the other hand, the estimation of 
the variance in the case of level N countries is 
f a i r l y  straightforward. For these countries, no 
variance estimates are attempted for strata 
containing less than three available segments, 
and al l  strata belong to the Group I category. 
[For detai ls see Chhikara and Feiveson (1978).] 

4. LACIE ESTIMATES FOR THE 
U.S. GREAT PLAINS 

Start ing in 1975, LACIE estimates were made 
of wheat acreages for the nine states in the 
USGP: Colorado, Kansas, Minnesota, Montana, 
Nebraska, North Dakota, Oklahoma, South Dakota, 
and Texas. During the f i r s t  year of LAClE 
(Phase I ) ,  the intent ion was to develop a system 
capable of processing Landsat data on a large 
scale and to adapt the pattern recognition and 
sample survey methodologies for remote sensing 
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applicat ions. From the total  of 411 allocated 
segments, usable data were obtained on 272. 
These data were used to estimate harvested 
acreages by state; separate estimates were made 
for winter and spring wheat regions of the USGP. 

The LACIE estimate for winter wheat re la t ive 
to the corresponding SRS estimate d i f fered by 
only a f ract ion of a percent, but i t  was almost 
40 percent lower than the SRS estimate for 
spring wheat. For the total  wheat acreage in 
the USGP, the LACIE estimate was about I0 percent 
below the SRS estimate. The estimated CV was 
6 percent for winter wheat and 9 percent for 
spring wheat. This indicates that the winter 
wheat estimates were quite re l iab le  and accurate, 
but that the spring wheat was s ign i f i can t l y  
un de res tima ted. 

The tendency to underestimate spring wheat 
acreage was in part a resul t  of the i n a b i l i t y  to 
discriminate wheat from the other spring small 
grains (e.g. ,  barley, oats, and flaxseed) using 
Landsat data alone. Spectral ly these crops are 
s imi lar ,  as are the i r  growth cycles. Therefore, 
estimates of total  small grains were made for 
segments in spring wheat areas, and h is tor ic  
rat ios of these acreages ( i . e . ,  the rat io  of 
wheat to small grain acreages) were used to 
reduce these Landsat estimates of small grains 
to estimates of wheat acreage for the segments. 
Another contr ibut ing factor was the practice of 
s t r i p - fa l l ow farming in spring wheat regions. 
S t r ip - fa l low f ie lds ,  which are small compared to 
the Landsat resolut ion, are d i f f i c u l t  to detect 
and measure from the Landsat imagery. 

During 1976 and 1977 (LAClE Phases I I  and 
I I I ) ,  estimates were made each month from 
February unt i l  November, when the f inal  es t i -  
mates were made, for the f ive USGP winter wheat 
States of Colorado, Kansas, Nebraska, Oklahoma, 
and Texas. Estimates were made from June to 
November for the four spring or mixed wheat 
States of Minnesota, Montana, North Dakota, and 
South Dakota in the U.S. northern Great Plains. 
These estimates are compared with the corre- 
sponding estimates released by the SRS in 
Figure 2 for 1976 and in Figure 3 for 1977. 
Again, separate comparisons are made for winter, 
spring, and total wheat. 

As in 1975, the LACIE estimates were in good 
agreement with the SRS estimates for winter 
wheat and s ign i f i can t l y  d i f fe ren t  for spring 
wheat. For total  wheat in 1977 the two estimates 
were almost equal. The estimated CV's and the 
number of segments used are l is ted in Table 2. 
The smaller CV estimate in 1977, as compared to 
that in 1976, was par t ly  due to a larger number 
of available segments and par t ly  due to a better 
al locat ion of sample segments. 

5. SUMMARY 

The results indicate that f a i r l y  accurate and 
re l iab le  estimates can be obtained using Landsat 
data in conjunction with good anc i l la ry  in for -  
mation on crops in the region. In a technolog- 
ical sense, remote sensing shows great potential 
for surveying the t o t a l i t y  of crops with a common 
growth pattern (e.g. ,  spring wheat, barley, and 
oats in the U.S. northern Great Plains); however, 
d i f f i c u l t y  in dist inguishing such crops from 
each other was experienced in LAClE. 

Both a measurement error and nonresponse 
problems were encountered. The measurement error 
was due to a f a l l i b l e  c lass i f i ca t ion  method, in 
which an image analyst labeled the spectral class 
and then performed the s ta t i s t i ca l  discriminant 
analysis for the segment. The main thrust of the 
LAClE research and development (R&D) program has 
been to develop c lass i f i ca t ion  techniques that 
would minimize this error.  The second problem 
arose when segment data were lost  because of 
segment nonacquisition and/or i n a b i l i t y  in 
obtaining i ts  estimate. However, the bias caused 
by nonresponse in LACIE estimates was assessed 
to be much smaller than the bias due to the 
measurement error.  
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TABLE I .  LACIE COUNTRIES AND THEIR SAMPLE 
SEGMENT ALLOCATIONS 

Country SPD with published Number of segments in 
wheat data in i t i a l  allocation 

United States County (D) 637 

U.S.S.R. Oblast (N) 1949 

China Province (N) 810 
Canada Crop subdi s- 283 

t r i c t  (D) 

India State (N) 626 

Australia Shire (D) 257 

Argentina Partido (D) 165 

Brazil State (N) 47 

Total 4774 

TABLE 2. NUMBER OF SAMPLE SEGMENTS AND 
ESTIMATED CV'S FOR 1976 AND 1977 

FIGURE I .  SPD AND CORRESPONDING 
STRATUM IN LEVEL N COUNTRIES 
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Wheat type 

1976 1977 

Number CV Number CV 
of segments of segments 

Winter 278 5.0 298 3.2 

Spring 129 6.0 178 3.5 

Total 407 4.0 476 2.4 

Legend : 

5 by 6 nautical mile segment with 
(~) at least 5-percent agriculture on 

stratum 

I I 5 bY 6 nautical mile segment with 
• at least 5-percent agriculture 

outside stratum 

~ 5 by 6 nautical mile segment with 
less than 5-percent agriculture 

center point 
stratum boundary 
SPD boundary 
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FIGURE 2. MONTHLY COMPARISON OF LACIE 
AND SRS ACREAGE ESTIMATES FOR USGP 

IN 1976 

(a) Winter Wheat 
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FIGURE 3. MONTHLY COMPARISON OF LACIE 
AND SRS ACREAGE ESTIMATES FOR USGP 

IN 1 977 
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