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INTRODUCTION

The USDA's Statistical Reporting Service (SRS) uses
dig ita I d a t a from the Lan d sat sat e I lit e t 0 imp r 0v e c r 0p -
area statistics based on ground-gathered survey data.
This i sac c omp 1 ish e d b y u sin g Lan d sat dig ita 1 d a t a a san
auxiliary variable in a regression estimator. Several
reports (1, 2, 3) discuss results from this procedure
app1 ied t.O major crops in the midwest. Br ief ly, the SRS
Landsat procedure for major crops in mid-western states
consists of the following steps:

Ground truth, collected during an operational
survey, plus corresponding Landsat data are used to
develop discriminant functions which in turn are
used to classify Landsat pixels as representing
specific ground covers,

Are ass amp led b y the g r 0un d sur ve y are c I ass i fie d
and reg res s ion rei a t i 0 h s hip s d eve lop e d bet we e n
classified results and ground truth,

All of the pixels in the area of interest are
classified, and

Crop-area estimates' are calculated by applying the
regression relationship to the all-pixel
classification results.

In 1981 SRS conduct ed a research pro j ect to dete rmi ne if
it was feasible to extend the Landsat analysis procedure
to estimate acreages for desired land-cover categories
(4). In this study the Landsat analysis for land-cover
was conducted independently of the crop analyses conducted
by other Remote Sensing Branch personnel. This research
indicated the following: 1) deficiencies in the ground
data for certain land covers, 2) a need to conduct a
simi lar study in an area having more diverse land cover
types and, 3) a need to use multitemporal Landsat data to
imp r 0 vel and - co v e r c I ass i f i cat ion. I n 19 82M i s sou r i wa 5
selected for continuing the land-cover research. Ground
d a t a we r e co I I e c t e d but no a n a I y 5e s we r e con d u c t e d due t 0
insufficient Landsat data. Lack of cloud free imagery
throughout the growing season resulted in Landsat coverage
for only twenty-five percent of the state.



) In 1983 the Iand -c0verr e sea rc h wa s con tin uedin Mis sou r i.
The f0 I low ing cha nge sin remo te sens ing s tu d y pro ced u res
were made:

1) Areas of land previously defined as non-
agricultural land were further categorized into
specific land-cover types such as residential,
idle, grassland, etc.

2) Additional samples were
agricultural strata to
estimates.

selected
improve

in the non-
Iand cove r

as

)

..

3) Two dates of Landsat imagery were used.
OBJECTIVES

The objectives of the 1983 Missouri crop and land-cover
were the following:

1) Provide the Crop Reporting Board (CRB) with
estimates of crop area for winter wheat, rice,
.c<> t ton, cor n and soy bean s from a comb ined c r0pan d
land-cover Landsat analysis.

2) Provide area estimates for desired land-covers from
the combined analysis.

3) Provide a detailed classification of f6rest covers.
4) Produce classified data tapes of Missouri land

covers.
5) Determine the additional cost of land-cover

analysis above the cost for crop analysis only •
6) Determine potential users of land-cover analysis

and their information needs.
GROUND DATA

During late May and early June each year, SRS conducts a
nation-wide survey called the June Enumerative Survey
(JES). The JES uses an area-frame sampl ing technique (5)
to sample areas of land called segments. The segments are
selected using stratified sampling with the stratification
bas edon per c en t cuI t ivat ion. Tab Ie I lis ts the st rat um
definitions for the Missouri area frame and shows the
number of segments in the population and the sample size.
During the JES each segment is visited by an =enumerator
who records all the field boundaries on =an aerial
photograph. The field acreage and cover type are recorded
for each field in the segment.
Because of late planting some fields are recorded
containing crops that the farmer intends to plant. To
insure the accuracy of the data for this project, these
fields were revisited in August and any discrepancies with
the data recorded in June were corrected.



·) Table 1. Definitions, Population, and Sample Size of
Missouri Strata
STRATUM
10 50+cultivated
15 15-50% cultivated
20 50+% cultivated
25 15-50% cultivated
30 50+% cui t ivat ed .
35 15-50% cultivated
40 50+% cultivated
45 15-50% cultivated
50 50+% cultivated
55 15-50% cultivated
91 Agri--urban
92 Agri-urban

1 Woodland
TOTAL

POPULATIQ\l SIZE
26,027

969
13,372
4,275

23,672
4,556

14,253
5,631
7,558

670
7,100
4,629
2,959

112,712

SAW'LE SIZE
100

4
75
17
90
17
50
21
50

2
23
12
56517

In order to estimate the acreage of desired land-covers
the following modifications to the operational JES were
necessary:
Land Cover Definitions
Potential users of SRS generated land-cover data were
contacted and asked to determine what land cover types
should be included in this study. Land cover terms were
defined in a manner that minimized additional training for
SRS enumerators and conform with Soil Conservation Service
definitions and Anderson level 2 classification. The
final list of land covers used,. were as follows:
Sown Crops
Row crops
Forest

Conifer
Hardwood
Mi xed

Grazed Forest
Residential
Industrial Commercial

and Services
Transportation,communication

and utilities
Other urban
Mixed
Water

3 to 10 acres
10 to 40 acres
over 40 acres

Native pasture
Other pasture
Native Hay

Perenarial streams (66 to
660 feet>

Rivers (660)
Dry streambeds
Wetlands
Idle grassland
Brush
Strip mines, quaries,
gravel pits
Transitional ,
Farmsteads

Sample Size
Experience obtained in Kansas indicated that certain land
co ve rs we re not ad equa tel y repre sentedin the 0per a t ion a 1
JES. This resulted in insufficient ground data



for classifier training and acreage estimation. Forest is
an important and extensive land cover in Missouri. In
examining results from previous years, it was apparent
that the sample allocation for the operational JES did not
adequately sample forest land, especially coniferous
forests. To provide additional ground data, 67 additional
segments from the non-agriculture strata were selected.

" NASA obtained low altitude, infrared aerial photography
o v e r the add i t ion a I s e gme n t s d u r i n g ear I y s p r i n g 0 f 19 8 1
and 19 82 • Ha r d - cop y p r i n t sat e i g h tin c h est 0 the mil e
were produced for each segment. These segments were
photointerpreted for the forest, urban, and water, land
cover categories. The reason for photointerpreting
instead of adding the segments to the operational JES were
1) adding these segments for ground enumeration would
burden the enumerators and increase cost, 2) experience in
Ka n s a sin d i cat e d t hat en ume rat 0 r s h a ve .'a d iff i cui t time
correctly enumerating large non-agricultural segments due
to i n a c c e s sib i 1 i t Y, and 3 ) the go a 1 wa s to imp r 0vet h e
est ima t e s for for est I and wh i c h wou Ide a s i 1y be ide n t i fie d
on infrared photography. Using one or two year old
ph 0 tog rap h y did .. not pre s e n tap rob I em sin c e for est, u r ban
and water, land covers change slowly.

Table 2. Allocation of Additional Segments~)
Stratum Sample Size

1 49
15 1
25 4
35 3
45 4

" 91 3
92 3

JES Edit

A detai led edit of the JES data was conducted at the
Missouri State Statistical Office (SSO). As an aid for
the edit, aerial photography of eachJES segment was
obtained from the· Agricultural Stabilization and
Conservation Service (ASCS) in Missouri. These
ph 0 tog rap h s . we r e use d t 0 ve r i f y fie 1d b0un d a r i e s 10cat e d
b y the e nume rat 0 r son old e r J ESp hot 0g rap h s • Sin c e some
en ume rat 0 r s had ate n den c y tom i s s I and co v e r fie Ids i n
the three to six acre size range, the ASCS photography
allowed the editor to break out these additional fields.

Multiple-Date Ground Data -.

) Since two dates of Landsat data were being used for this
s t u d y i t was n e c e s s a r y t 0 ma i n t a i nag r 0 un d d a t a set wit h
two observations (visits) for each field within a segment.
Visit 1 corresponded to the ground cover that would appear
first during the crop year. Vist 2 corresponded to the
cover that would exist second if different from visit one.



LANDSAT DATA

Two dates of Landsat data were used to 1) enable the
estimation of crop acreages for a spring crop (winter
what) and fall crops (corn, soybeans, rice, cotton), and
2) improve land cover classification results. Only spring
imagery was used to produce Landsat regression estimates
of winter wheat acreage.

Figure 1. Analysis Districts and Landsat Dates for Summer
Crops and Land Covers

FigUre' •• Analysis Districts and Landsat Dates for $ummer Crops and Land Covers
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For the summer-planted crops and the land-cover
cat ego r i e s, t wo d ate s 0 f ima ge r y we r e comb i n e d t 0 ma k e u p
the Landsat data set wherever possible. This
mu 1tit emp 0 r aId a t a set wa s c rea t e d by 0ve rIa y i ng the f all
ima g e r yon tot h e s p r i n g i ma g e r y ( 6 ) • The mu 1 tit emp 0 r a 1
data set contained eight channels of Landsat data for each
pixel. The first four channels were the' reflectance
values from the spring date, the second four channels were
the values from the fall date. Figure 1 shows the
analysis districts used for all covers other than winter
wheat • An a n a 1 y s i s d i s t r i c tis a n are a 0 f I and - co v ere d by
Landsat imagery from the same overpass date or combination
of d ate s • No tic e t hat in Fig u reI, are a sA, C, E and G
we r e co v ere d wit h mu 1 tit emp 0 r aId a t a • Are a I had 0 n 1y
fall data, areas Band H had only spring data, and areas D
and F had no Landsat coverage.This meant that direct
expansion estimates were used for areas B, D, F and H for
acreage estimates of corn, soybeans and rice. Direct
ex pan s ion est ima t e s we r e use d for are a s Dan d F for all
land covers estimates.

LANDSAT ANALYSI S

SRS Landsat analysis procedure consists of three primary
s t e p s : cIa s s i fie r de vel 0pme nt, cIa s s i fie a t ion - est ima t ion,
and accumulation.

Classifier Development

Aft e r the Lan d sat d a t a and the g r 0u n d d a t a we r e put i n
c omp ute r - rea dab 1 e for man d reg i s t ere d toe a c hot her , the
segment field boundaries are located in the Landsat
digital data. This results in '8 set of pixels labeled by
cover type. When a field is doubled cropped (e.g., winter
wheat f 0 1 10we d bye 0 r n ) the do ubI e c r 0p pin g i s con sid ere d
to be a separate cover type. The pixels for each cover
are the n c 1u s t ere d u sin g the CIa s s y c 1u s t e r i ngal go r i t hm
(7). This produces ,several spectral signatures
(categories) for each cover. Each spectral signature
con s i s t s 0 f the me a n ve c tor and the co v a ria ncerna t r i x 0 f
the reflectance values for each category. The statistics
for all cat ego r i e san d co v e r t ypes are the n rev i ewe d and
combined to form the discriminant functions for a Gaussian
Max imum L i k e 1 ih 00 del ass i fie r for e a c h a n a 1 y s i s d i s t r i c t
(8).
Classification Estimation

To reduce processing cost, the classification-estimation
i s don e i n t wo s tag e s for e a c h a n a 1y s i s d i s t r i ct - - sma 1 I -
scale and full-frame. In small-scale proces~ing each
pix e 1 ass 0 cia t e d wit has e glne n tis cIa s s i fie d t 0 a
category. The number of pixels classified to each
category are summed to segment totals by cover type.
These totals are used as the independent (auxiliary)
v a ria b 1 e i n are g res s ion est ima tor • Co r res po n din g 1 y , the
reported acreages are summed to segment totals and used as
the dependent variable. The segment totals are used to
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calculate least squares estimates for the
the single-variable regression estimator.
regression estimator for reported acreage is
each crop or land cover for each stratum.

par ame t e r s 0 f
A separate

developed for

In full-frame processing each pixel in the Landsat scene
is classified with the classifier selected from small-
scale processsing. The classified results are then
tabulated by category and stratum. For each cover used in
sma 11- s c ale pro c e s sin g , the cat ego r y tot a I s are s ume d t 0

stratum totals. From these tabulations, population
a vera g e s 0 f the numb e r 0 f pix e I s per s e gme n t by s t rat um
are calculated. Using the population averages a
regression estimate for the acreage of each crop or land
cover is made for each stratum. The stratum estimates are
then summed to an analysis district estimate.

Accumulation

In general
expansion

a c c umu I at ion i s the pro c e s s by wh i c had ire c t
estimate is made for all areas for which a

..

Figure 2. Landsat Data Processing and Estimation Steps

Obt~inSpring
Data

Produce
Classificationfor onlyWinteNheat

Combine Surrmer
Data WithSpring Data

Produce Classificationfor Crops and Land
Covers in Analysis

District A

EstimateWinteNheat

Estimate+ Rice andCotton

) Produce Classificationfor Crops and Land
Covers for Remainderof State

..
EstimateCorn andSoybeans

EstimateLand Covers1st l)Jarter
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regression estimate does not exist. This direct expansion
estimate is, then sumned with the analysis district
regression esti~tes to obtrain a state-level acreage
estimate.
Overall Approach
Two Landsat analyses were completed for the study (Figure
2). First, a complete analysis was conducted using spring
Lan d sat d a tat 0 est ima te win te r wh eat ac rea g e s • Se con d ,
the sumner crop analysis was conducted using the
mu 1tit emp 0 ra lor fall d a ta • Tor edu ce pro c e ssin g , c r0 p
a na Iy s is wa s con d uc tedin a ma nne r su ch that c Iass ifie r
de vel 0pme n tan d cia ss if icat ion, in c 1u ded a I 1 Iand co ve r
cat ego r ie s • An a Iy s is d ist r ic t A (Fig u rei) wa s the fir s t
area analyzed since it contains nearly all of Missouri's
rice and cotton. After this analysis was completed state-
level estimates for corn and soybeans were produced.
After the analysis of the areas used for crop acrage
est ima te s we re c omp 1e ted and est ima te s del ive red tot h e
CRB , a na 1sy is d ist ric t s Ban d H we rea na 1yzed for 1and
covers only. 'Land cover estimates were then calculated
for all analysis districts shown in Figure 1 and state-
level estimates produced.
Table 3. Land Cover Direct Expansion Estimates

Direct Expansion Estimates

Cover
Hardwood
Con ife r
Conifer-Hardwood
Grazed Forest
Brushland
Row crops
Sown crops
Idle/cropland
Hay
Cropland/pasture
Other pasture
Idle grassland
Farmsteads
Residential
Comnercial
Other urban
Transportation
Lakes
POnds
Rivers
Disturbed land
Transitional
Wetlands

Est imate:
10,449,754

181,568
1,149,738
2,884,732
1,286,435
8,539,851
2,391,119
2,100,277
3,110,286
1,434,850
7,698,684
1,403,300

385,091
962,910
328,253
140,229
296,577
307,755
84,270

129,922
44,223

183,379
106,830

Standard
Deviation

529,061
43,325

247,934
297,743
143,382
361,734
175,337
163,574
197,393
234,325
423,699
140,411
23,474

105,045
81,590
39, 114
53,422

118,936
17,563
43,887
17,741

137,668
87,386

C.v.%

5.0
23.9
21.6
10.3
11. 1
4.2
7.3
7.8
6.4

16.3
5.5

10.0
6. 1

10.9
24.9
27.9
18.0
38.7
20.8
33.8
40. 1
75.0
81.8

*Fields that are double cropped are included in the
estimates for each crop



RESULTS
Th e d ire c t ex pan s ion and reg res s ion est ima te s for Iand
covers are listed in Tables 3 and 4. Two land covers have
large acreage differences between their respective types
of estimates. The regression estimate for row crops is
798,000 acres less than the direct expansion estimate. A
major portion of the decrease in row crops came from
stratum 10 which had 380,000 fewer acres in the regression
estimate.
Relative efficiency (R.E.) measures of the improved
pre cis ion 0 f the reg res s ion est ima te • Th era t i0 0 f the
variance of the direct expansion (which uses JES data
only) to the variance of the Landsat regression estimate
de fin est his R. E. (1) Eq u ival en tIy , itis the fa ctor by
wh i ch the samp Ie wo u Id havet 0 be i ncrea sed top rod uce
d ire ct ex pan s ion est ima tes wit h the same pre cis ion as the
regression estimates.
Table 4. Land Cover Regression Estimates

Regression Estimates

Cover
Hardwood
Conifer
Conifer-Hardwood
Grazed Forest
Brushland

. Row crops
. Sown c r0p s

Idle/cropland
Hay
Cropland/pasture
Other pasture
Idle grassland
Farmsteads
Residential
Corrrnercial
Other urban
Transportation
Lakes
Ponds
Rivers
Disturbed land
Transitional
Wetlands

Estimate
11,139,532

187,650
1,148,447
2,705,512
1,318,875
7,742,383
2,547,815
2,015,582
2,980,606
1,245,797
7,624,049
1,331,205

387,434
823,018
305,556
122,873
288,724
265,246

84,438
103,729
42,455

Standard
Deviation

443,461
21 ,782

245,461
'299,958
138,723
246,344
127,349
139,389
171,303
149,895
380,381
133,127
23,515
95,629
41,463
30,365
53,398

108,556
13,130
23,368
16,020

C.v.%
4.0

11. 6
21.4
11. 1
10.5
3.2
5.0
6.9
5.7

12.0
5.0

10.0
6.0

11.6
13.6
24,7
18.5
40.9
15.6
22.5
37.7 _

R.E.
1.4
4.0
1.0
1.0
1.1
2.2
1.9
1.4
1.3
2.4
1.2
1.1
1.0
1.2
3.9
1.7
1.0
1.2
1.8
3.5
1.2

*Fields that are double cropped are included in the
estimates for each crop

The hardwood regression estimate increased by 640,000
acres. Tables 5 compares the hardwoods direct expansion
and regression estimates by analysis area. The major
d iff ere nee bet we enth e two est ima te 5 i 5 f 0 undin ana Iy 5 i 5



district B (Figure 1). A breakdown by strata for the area
indie ate s that mo st 0 f the inere ase 1sin st rat um 45 wh ich
has a direct expansion estimate of 541,797 and a
reg res s ion est ima te 0 f 1, 13 4 ,5°8 • Th e r-squa ref 0 r the
regression is .80 and the stratum contains six segments of
which five are heavily forested.
Table 5. Comparison of Direct Expansion and Regression

Estimates for Hardwoods by Analysis District
Direct Expansion Regression

Analysis Area Acres C.V% Acres C.V.%
A 698,852 18.4 655,439 19.2
B 3,604,987 8.0 4,219,075 4.0
C 632,631 18.7 744,267 6.3
DIF 1,063,890 20.2 1,063,890 20.2
E 2,917,765 9. 1 2,872,497 6.9

)
G 574,552 17.7 666,814 11.2
H 816,498 13.2 752,548 10.7
I 208,136 21.2 164,998 19.0

State Total 10,499,754 5.0 11,139,532 4.0
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