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SUMMARY OF TRAINING

2 April 1976 Arrived Lafayette, Indiana, and made initial
contact with Laboratory for Applications of
Remote Sensing (LARS). .

5-9 April 1976 Participated in the LARS Short Course. This
course provided an introduction to remote
sensing technology and computer-aided data
analysis.,

12 April--
31 May 1976 Completed self-study educational materials
necessary to become more familiar with the
LARSYS data analysis system and the rationale
behind computer assisted remote sensing data
analysis.
1 June--
1 October 1976 Werked on an experiment entitled "Crop Identi-

fication and Area Estimation over Large Geo-
graphic Areas Using LANDSAT MSS Data", con-
tracted to Dr. Marvin Bauer by NASA. This
experience involved applying principles prev-
iously learned in a production mode. Because
of this many new concepts and ideas were ob-
tained and the practicalities of obtaining
information from digital data were appreciated.
The experiment was involved with determining
the accuracy and precision with which area esti-
mates for wheat in Kansas and corn and soybeans
in Indiana could be obtained from LANDSAT data.
This was valuable information as it provided
the background for studying the same type of
thing in Iran.

October 1976-~-
March 1977 Performed analysis of LANDSAT data taken over
the Gilan Province in Iran. A complete report
of that work is attached.

The period 29 June to 1 July was spent in attendance of the LARS
Symposium on Machine Processing of Remotely Sensed Data.

Several days in December and January were spent with represent-
atives of the Indiana branch of the U.S. Department of Agriculture,
Statistical Reporting Service. This time was spent to become familiar
with the system of data collection and formulation of agricuitural
statistics in *h2 United States.

Fucther details of tne first six months' training can be Ffound in
individual progress reports. The period 1 April to 15 May is cavered
in the first report, 1€ May tc 2 July in the second, 2 July to 1 Sep-
tewber in the thira, and 1 September to 1 December in the fourth.
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ABSTRACT

Computer-assisted analyses of two LANDSAT frames,
acquired in 1975, over the Gilan Province in Iran are re-
ported. With only 1:250,000 color composites of the LANDSAT
data and personal knowledge of the area to use as reference
data, area estimates similar to Iranian government estimates
were obtained for rice in both frames, and tea in one frame.
The results of this study show that with a minimum of infor-
mation, accurate crop area estimates can be obtained using
remote sensing technology. In some cases, such as tea in
this study, the size of the area being considered has a direct

bearing on the success in obtaining good estimates.




INTRODUCTION

As world food demand increases the need for timely and
accurate production information becomes more critical. Many
countries and organizations make attempts to assess world food
production. However, relatively few have the tools or technology
in a production mode to completely and accurately accomplish
such a. task. In this report a method of survey and production
estimation will‘be described that has potential for providing
such information. The benefits to be realized from accurate
estimates include increased price stability, more appropriate
and realistic domestic and foreign policies, and more efficient
use of resources.

A new technology that is evolving which holds some promise
for quicker; more accurate and less costly crop production infor-
mation is that of remote sensing.2 Remote sensing, defined as
the process éf acquiring information about objects from a dis-
tance, is of several types. The type discussed here involves mea-
suring the intensity of electromagnetic energy being returned from
~ the ground in several wavelength bands and using that information
to discern some qualities of the piece of ground being considered
(crop type, yield potential, etc.)

l Landsat 1 and 2, orbiting the earth at 940 kilometers are
capable of making such energy measurements for areas 180 kilo-
meters square anyplace on the globe every 18 days.3 Each 180 kil-
ometer square area is broken into 7.7 million points by the action
of a line sceaner. Eaéh resulting point has four values associated
with i%; the level of enerqgy being returned from the portion of

ground it representc in the green (.5-.6um), red (.6-.7um), and




two infrared (.7-.8, and .8-1.1 um) portions of the spectrum.
The'spatial resolution of Landsat data is 80 meters and each
data point represents 0.64 hectares.

In order to utilize these large volumes of data effic-
iently and to provide the type of information desired, computer
aided analysis of the data is commonly performed. One widely
accepted analysis concept known as LARSYS takes a maximum like-
lihood pattern recognition approach to classifying data such as
that described above. This approach involves locating points
representative of the cover types of intereét, and using the
spectral properties of those points to decide to which of those
cover types an unknown point is most likely to belong. Other
classification concepts include clustering, level slicing, mini-
mum distance, and sample (or field) classification.

The topic of this report is computer aided analysis of Land-
sat 2 multispectral scanner data collected over northern Iran
using LARSYS. Two frames of data were analyzed, both covering
approximately the same area (Figure 1), but at two different
times of the growing season (June 20, 1975 and August 31, 1975).
The results of the analyses of these data will be discussed to
illustrate the potential this technology has for providing timely,

large area, crop production information.
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Figure 1. Map of Iran showing the approximate location of the LANDSAT
frames used in this study.



BACKGROUND

Remote sensing as applied to identification of earth sur-
face features is dependent upon measurable variations in elec-
tromagnetic field strength. Variations are of three main types.
The first, spectral, is dependent on the physical conditions
of the cover type being sensed. As the electromagnetic energy
from the sun strikes the cover type it will either be reflected
back into space, absorbed and then emitted at a different wave-
length, transmitted through the material (and lost for measure-
ment purposes) or scattered depending on the geometry and physi-
ology or physical make~up of the cover type. 1In as much as dif-
ferent combinations of these things happen or in as much as they
happen at different wavelengths, spectral variafionsrwill occur.,
The second,.spatial, arises because the spatial location of cover
type A is different than cover type B. Measurement of spatial
variations ig dependent on a device that can measure the electro-
magnetic energy being returned at many spatial locations, such
as a line scanner. The third type of variation in electromagnetic
field strength is temporal. Many cover types, and especially
crops, change spectrally over time as they progress through growth
and development stages.

Several investigators have reported the utility of using
Landsat data to map crops?'4'%n short the capability can be sta-
ted as this: any crop can be mapped using multispectral scanner
data if the spectral values associated with the crop are detect-

ably different from the values of the other features to be mapped.
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Note that this statement of capability assumes that the person
wishing to have the mapping done knows which spectral values
belong to each cover type he is interested in. Therefore, the
person must locate points representative of the cover types of
interest and therefore must have some information about the loca-
tion of each of those cover types. This is referred to as
"ground truth" or reference data, and in general, the more ancil-
lary information available, the more information that can be
extracted from the data.

Several causes for a lack of detectablé difference are
1) the feature to be mapped is smaller than the spatial resolu-
tion of the scanner, 2) the physical make-up of one of the fea-
tures is very similar to that of other features such that spec-
tral variation does not occur among them, 3) inappropriate wave-
length bands for discrimination are available, and 4) uncertainty
about the location of the features. An example of the third
cause is snow and clouds, which are difficult to automatically
distinguish between with Landsat data but are readily distin-
guishable with Skylab data which contains a middle infrared band
(Landsat does not)? The fourth cause of problems in discrimin-
ation is the most common one, both due to inadequate reference
data and improper use of it. However, there are also well de-
fined exceptions to these rules. For example, water bodies
one-fourth the spatial resolution of Landsat can often be mapped
simply because water is so spectrally different from most other
materials. 2Another is that even though spectral variation be-
tween cover types may not exist at one time of the yearroften
it will at another. Although all the causes can be very signi-

ficant, they can usually be remedied by intelligent selection




Table 1.

Name of
Subprovinces

Bandar Pahlavi
Fuman

Lahijan
Langarud

Rasht

Rudbar

Rudsar

Sameh-Sara

Date of
Sowing

Apr. 5 to 15
Apr. 5 to 15
Apr. 5 to 15
Apr. 5 to 15
Apr. 5 to 15
May 5 to 15

Apr. 5 to 15

Apr. 5 to 15

Date of

Transplantation

May 5 to 15
May 1 to 10
May 5 to 15
May 5 to 15
May 5 to 15
June 5 to 15
May 2 to 12

May 1 to 10

Date of

Maturity
July 5 to
July to
July to
July to
July 5 to
Aug, to
July to
July to

15

10

15

15

15

15

12

10

Crop Calendar for Rice, for 8 subprovinces of the Gilan Province.

Date of
Yellowing
Aug. to
Aug. to
Aug. to
Aug. to
Aug. to
Sep. to
Aug., to
Aug. to

15
10
15
15
15
10
12

10

Date of
Harvesting
Aug. 15 to
Aug. 10 to
Aug. 15 to
Aug. 15 to
Aug. 15 to
Sep. 10 to
Aug. 12 to

Aug.

to

25
20
25
25
25

2C
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of the time data was taken and the sensor system used to take

the data.




MATERIALS

Landsat data’was obtained for an area in Northern Iran,
next to the Caspian Sea. This area was selected because of
‘the economic importance of the major crop grown there, rice. It
is only along this strip bordered by the Caspian Sea and the
Albourz Mountains that precipitation is plentiful enough (approx.
2000 mm/year) to raise this crop. For similar reasons this strip
is the only area in Iran that tea can be grown. Two Landsat
frames were selected that covered approximately the same geographic
area but at different times in the growing season. The area in-
cluded in these frames contained approximately 90% of the area
under rice in the CGilan Province and more than 60% of the strip
in which rice and tea can be grown. Different dates over the
same area were selected so that the ability to distinguish rice
and tea could be evaluated at different growth stages. For ex-
ample on June 20, 1275 most of the rice would have been trans-
planted for abcut one month and would have been very green with
a high percentage of ground cover. On the other hand, on August
31, 1975, most of the rice would have been harvested, leaving
only a yellow stubble - guite spectrally different than other
ground cover (Table 1l). Tea would not have changed much between
these dates but in order to establish the ease with which it
could be differentiated from other crops at those times both
frames were necessary. The corresponding Landsat frames immedi-
ately adjacent to the East would have provided a complete cover-—
age of the rice and tea production area.

A 1:250,000 color composite image of the Landsat data was
obtained for use as reference data. This image is constructed

by successiveiy exposing +he same piece of f£ilm tc three of the




four Landsat bands, each band through a different color filter.
The result of this process is a color print that simulates a
color infrared photograph of the portion of ground covered by
the Landsat frame. A 1:250,000 topographic sheet, and a
1:250,000 regional map of land resourses and potentialities were
also available to use as reference data. The major problem with
this reference data was its scale. Although all three items
were at the same scale, the Landsat digital data itself was at

a scale of 1:24,000. All efforts to obtain more detailed maps
and aerial nhotography failed. Thus the reference data avail-
able was not of sufficient detail to pinpoint individual fields
as being a specific cover type. Rather, only general locations
were available and to as great an extent as was possible the
color-composite was used to specify points representing the
cover types of interest.

The Iranian Ministry of Agriculture and Natural Resources
estimates of the area under cultivation of rice, and tea in the
Gilan Province in 1975 were used as a basis of comparison for
the results obtained in this study. Under the Crop Reporting
System, these estimates are prepared on the basis of monthly
interviews with sample farmers. During each interview the area
under cultivation of each crop, their growth stages, and pro-
duction forecasts before harvest or production amounts after
harvest are recorded. This information is collected for all
4,000 sample villages in Iran, analyzed and processed, resulting
in area estimates and crop condition reports for each province.

As mentioned befcre, the system used to perform the analysis
of the data described above was LARSYS. LARSYS, made up of 18

integrated, interrelated processing functions installed cn a




computer, embodies an entire approach to conversion of remote
sensing data to the information desired.7 Central to this
approach are the concepts "pattern recognition" - involving
training the machine to recognize patterns, and "multispectral"-
the data to be utilized has more than one dimension, the spec-

trum having been broken into many smaller regions.8

At LARS,
the LARSYS System is currently implemented on an IBM 360,

Model 67 (time sharing) computer.
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METHODS

The first part of any analysis is to specify analysis
objectives. This normally includes a statement of the cover
types to be mapped, at what geographic location, and with what
accuracy. With these factors in mind an appropriate data set
can be selected and ordered along with any appropriate and
available reference data.

In this case a Landsat computer compatible tape (CCT)
containing digital data and the color composite image of the
data were obtained from EROS Data Center in Sioux Falls, South
Dakota. Upon its arrival the tape was reformatted to make it
compatible with the LARSYS System. LARSYS and many other data
processing systems use a format different than that of the Land-
sat CCT to reduce processing costs associated with the CCT for-
mat.

During the time taken to get the data reformatted, the color
composite was studied to identify 8-10 small areas (100 lines
X 100 columns) that represented all the different conditions of
the cover types present in the area to be classified. Once the
data was reformatted a gray level map of each of these small
areas was produced. That is, each point in each of these small
~areas was assigned one of ten symbols based on its level of re-
sponse (brightness) in the channel specified. This was accom=-
plished by the Pictureprint processor and resulted in an
enhancement in the ability to visualize and delineate spatial
boundaries present cn the ground at the time the data was taken.

The boundaries could then be compared to those in the color

composite cf the da:ca and the general locations of the cover
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types in each small area could be interpreted. With this in-
formation a smaller part (about one-fourth) of each small area
was selected to be supplied to an algorithm for division into
6-15 spectral "classes". The processor involved in this step
(Cluster) did not divide the points into the classes defined

in the analysis objectives (information classes), rather it
examined the spectral response values of each point in the four
wavelength bands and established groups of points with similar
response values (spectral classes). It performed this opera-
tion for éach smaller or "training" area separately.

After the Cluster processor had defined these spectral
classes for each training area it printed a map showing into
which spectral class =ach point in each area had been assigned.
These maps could then he compared to the color composite and
reference maps to associate an informational name with each spec-
tral class.

Another output of the cluster processor is punched cards
that describe by line and column address the location of those
points belonging to each spectral class in each training area.
These addresses were then supplied to a processor (Statistics)
that calculated a mean of the responses of the points in each
élasslin each wavelength band and a covariance matrix for each
class.

The means and covariance matrix calculated by statistics
were then used to determine the probability of successfully dis-
tinguishing among the spectral classes. A distance measure,
transfdrmed divergence, calculated by the Separability processor

using the means and covariance matrix of each class provided
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this information. When a low separability between two classes
was reported, a decision as to whether to combine the classes
or delete one of them had to be made. The usual basis for this
decision was the assigned informational names of the spectral
classes. Two spectral classes determined to represent the same
cover type would be combined whereas if the spectral classes

in question belonged to different informational classes the one
less established as belonging to an informational class would
normally be deleted. One other guideline would be that any
spectral class showing low separability between many other classes’
of different informational identity would normally be deleted
regardless of the firmness of its identity. Often the steps of
cembining and deleting of classes could be repeated many times
before a completely separable and acceptable set of classes was
obtained.

When an acceptable set was obtained sample classifications
would be performed to evaluate the representativeness of the
classes. This involved picking test areas (separate and differ-
ent than the training areas) and supplying their addresses and
the means and covariance matrices of the accepted classes (in
some cases separate spectral classes and in others groups of
spectral c¢lasses, each having an informational name, and referred
to as a training class) to the Classifypoints algorithm which
then compared the response values of each point in each test
area to the means and covariance matrix of each class and assigned
the point to the training class (any of the accepted classes) it
had the highest prokability of belonging to.

The results of these test classifications were then exan-

ined for correctness. If complete misclassifications of large
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areas occurred, the previous steps were examined for errors or
questionable decisions. Whatever steps necessary were taken to
try to represent the misclassified areas without causing new
confusion among classes. In some cases this meant deciding the
less important of two possible errors. When the results of
test classifications were acceptable and considered optimum
(for the purposes of the study) the entire area of interest was
classified with the Classifypoints algorithm. The result of
this classification was stored on tape.

Because of the lack of detailed reference data the percent
of correct classification could not be estimated. Instead qual-
itative examination of its correctness was performed. In addi-
tion the printresults processor was used to obtain estimates of
the acreage under cultivation of rice and tea in the Gilan Pro-
vince which were then compared to Iranian Government estimates.
These two methods together provide ‘a good picture of the cor-
rectness of classification.

For the purpose of showing the data used, 35mm color com-
vosite slides of the data were generated using the Imagedisplay
processing function. Similarly color coded 35mm slides of the
classification results were obtained using the Photo processor.
Prints of these slides were obtained and are used in this re-

port to support the results and discussion section.




Figure 2. TFalse Color Composite of Landsat-2 Data Acquired August 31, 1975
With the Four Subareas Classified Outlined.
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gure 3. False Color Composite of Landsat-2 Data Acquired June 20, 1975
With the Four Subareas Classified Outlined.



Table 2. Identity of Spectral Classes August 31, 1975 Landsat Data.

Area/Classes 1 2 3
1 R R u,v
2 0.V R R
3 0.v 0.V 0.V
4 ur ur ur
5 B.S. 0.V B.S.
6 B.S. R R
7 B.S. 0.V T
8 T T u.v
9 R R 0.V

10 F F F

R:
u.v:
0.V:

ur:

=
v

W

Rice

unknown vegetation
other vegetation
urban

Bare soil

Water

Tea

Forest
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RESULTS AND DISCUSSION

At the outset the decision was made to obtain LANDSAT data
over the Gilan Province and to analyze it to obtain the area
under cultivation of rice and tea. LANDSAT data was chosen be-
cause of the large area for which information was desired. A
computer search of available LANDSAT data over this area was
requested from EROS Data Center, Sioux Falls, South Dakota. To
facilitate use of the listings returned by EROS, LARS maintains
a library of microfilm images of band 5 of all LANDSAT frames
collected. Once the listing of data available over the Gilan
Province had been receivéd, the microfilm images were referred
to and a specific frame selected. The first frame selected
had been acquired August 31, 1975. A CCT and color composite of
this data were then ordered. This date was selected because it
was cloud free and close to the harvesting time of rice, when
the rice would be a different color than any other vegetation
(Figure 2).

Upon receipt of the color composite, eight small areas were
selected to represent all of the cover types present. Out of
these eight, ten smaller training areas were chosen. Six spec-
tral classes were obtained for each of nine of the training
areas and eight spectral classes were obtained for one of the
training areas. Out of the resulting sixty-two spectral classes,
ten were identified as rice, eight as tea, six as forest, five
as urban, five as wet sand, two as water, and twenty-six as
other (not specified) vegetation (Table 2).

When separability information had been obtained for these

classes, it was found that tea and other vegetation and rice and
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other vegetation were being confused. Many other classes whose
identity was not well established were deleted when it was

found that they were being confused with classes of other iden-
tity. For the most part classes of the same identity tended to
form groups, that is, they were confused mostly with each other.
By pooling such classes together and by eliminating any of

the group being confused with classes of another identity ten-
tative sets of classes were obtained. By performing these oper-
ations many times, a set of classes (some composed of groups of
classes), all acceptably separable from one another, were arrived
at.

When the test classifications were performed, it was found
that much of what had beer previously identified as other vege-
tation was being classified as tea, and vice versa. At this
point it was felt that this was due to incorrect definition of
the spectral value's representative of tea. All subsequent
efforts to more precisely define tea spectrally failed, pri-
marily because of uncertainty about the exact location of tea.
Consequently, it was decided to combine the tea classes with
other vegetation and call them other vegetation. This resulted
in three training classes of rice, four of other vegetation,
four of urban-wet sand (another set of classes difficult to sep-
arate), four of forest, and two of water.

In order Lo reduce the amount of computer time necessary
to classify the area of interest it was divided into four sub-
areas (Figure 2), within which every second line and every sec-
ond column were classified. This was done primarily to save
the money allocated for computer usage for subsequent analyses.

This 25% sample of the data was felt adequate to obtain accurate




16

crop area estimates. Upon examination of the maps of the class-
ification results, it was felt that the area had been accurately
classified (Figures 4-7), eﬁcept for tea. In addition, the
estimate of the area of rice under cultivation (200,000 hectares
Table 3-6) was close to the Iranian government estimate (220,000
hectares). The LANDSAT frame used to make this analysis cov-
ered only 95% of the area under cultivation of rice in the Gilan
Province. 95% of the government estimate is 209,000 hectares
which is certainly within the error of estimation associated
with the government estimate.

To determine whether the difficulty encountered in cor-
rectly mapping tea and oﬁher vegetation could be resolved at
a different time of the year, and because of a need to know the
accuracy with which rice could be mapped on a different date
using these methods, it was decided to select a second frame
over the same area, but at an earlier time in the growing sea-
son. The earliest date available that was sufficiently cloud
free was June 20, 1975. Therefore, a CCT and color composite
image were ordered for this date.

As soon as the data was available, ten small areas were
selected out of which ten smaller training areas were selected.
Six spectral classes were obtained for each training area. Out
of the resulting sixty spectral classes, twenty-~three were iden-
tified as rice, two as tea, eight as other vegetation, six as
forest, four as water, one as marsh, three as cloud, three as
shadow, four as urban, three as bare soil, and three eliminated
due to uncertainty about their identity (Table 7).

The problems encountered in the previous analysis were en-

countered in this cne also. One class of tea was used in this




Cover Type Color Points Acres Hectares

Rice orange 6924 8683 3514
TForest light green - - -

other vegetation dark green 904 1134 459
urban/Bare Soil red 1100 1379 558
Water sky blue 1476 1851 749

Table 3. Distribution of Cover Types, Area 1, August 31, 1975 Data.

Figure 4. Color Coded Classification Result, Area 1, August 31, 1975 Data.



Cover Type Color Points Acres Hectares

Rice orange 34528 43298 14523
Forest light green 144 181 73
other vegetation dark green 22824 28621 11583
urban/Bare Soil red 6856 8597 3479
Water sky blue 57052 71543 28953

Table 4. Distribution of Cover Types, Area 2, August 31, 1775 Data.

Flgure 5. Color Coded Classification Result, Area 2, August 31, 1975 Data.



Cover Type Color Points Acres Hectares

Rice orange 97848 122701 49657
Forest light green 9788 12274 4967
other vegetation dark green 103504 129794 52527
urban/Bare Soil red 9968 112500 5059
Water sky blue 30896 38744 15679

Table 5. Distribution of Cover Types, Area 3, August 31, 1975 Data.

Figure 6. Color Coded Classificatiou Rkesult, Area 3, August 31, 1975 Data.



Cover Type Color Points Acres Hectares

Rice orange 253804 318270 128802
Forest light green 39648 49719 20121
other vegetation dark green 227904 285792 115658
urban/Bare Soil red 37188 46634 18872
Water sky blue 69044 86581 35039

Table 6. Distribution of Cover Types, Area 4, August 31, 1975 Data.

Figure 7. Color Coded Classification Result, Area 4, August 31, 1975 Data.



Table 7. Identity of spectral classes.
Landsat data.

Area/Classes 1 2 3
1 0.V R R
2 cl. cl. R
3 ur. ur ur.
4 B.S. B.S. F
5 0.V R R
6 0.V 0.V 0.V
7 cl. .F F
8 T T E
9 R R ur
10 B.S. R R

other vegetation
Rice

Water

cloud

shadow

urban

Bare Soil

Forest

Tea

Eliminate

Marsh

First procedure, June 20, 1975

4 5 6
R R %)
R sh. sh.
o.v R R
F R W
R R R
R R W
F F sh.
E R R
0.V o.v M
R 5 -
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case, even after the test classification had been made. However,
one class was not sufficient to represent tea and it was appar-
ent that the area estimate for tea after the final classification
had been made would be low. It was also apparent that rice

would be overestimated. It was more difficult to determine when
and where other vegetation was being classified as rice because
both were green at that time of year and appeared as only very
slightly different shades of red on the color composite (Figure 3).
Therefore, instead of proceeding to make the final classification
at this point, it was decided to take a slightly different ap-
proach in generating the spectral classes.

The problem with the spectral classes, as interpreted, was
that they were too broad and lacked information class specifity.
In other terms, it seemed that each spectral class in reality
represented two or more conditions of different crops. This
is especially likely to occur when cover types that are very sim-
ilar spectrally are present in a training area. 1In addition, as
menticned before, it was quite difficult to distinguish rice from
other vegetation and tea from other vegetation with only the
LANDSAT color imagery as reference data. 1In order to improve the
correspondence of spectral classes with information classes, a
special and experimental version of the Cluster processor was
used. This version computes a parameter for each number of clus-
ters specified by the user. The number of clusters at which the
paranecer is smallest should provide the most distinct clusters.
This version of Cluster was then used on nine new training areas.
As a result, each training area was divided intc 10 tc 15 spec-
tral classes, the number for each training area determined by

the cluster distinctness parameter. Out of the resulting 122
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spectral classes, 23 were identified as rice, three as tea,

29 as other vegetation, six as unknown (tea or other) vegetation,
13 as forest, 13 as urban, six as bare soil, four as marsh,

three as water, one as cloud, one as shadow, two as haze, three
as wet soil, and 15 unidentifiable (all from one training area
and subsequently deleted (Table 8).

After the test classifications were made with the classes
resulting from optimization of the separability of classes, it
was determined that areas south of Rasht identified as fodder
crops were being classified as tea, and haze was being classi-
fied as bare soil. To overcome this confusion, two additional
training areas were selected and clustered into eight classes
each. Four of the classes from the first area were identified
as fodder crops, and four from the second area were identified
as clouds or haze. These new spectral classes were then included
with the original group and separability redetermined. After
many iteraticns, 37 classes were arrived at. Of this 37, five
were rice, seven other vegetation, three tea, six forest, five
cloud, one shadow/rice, three water, one marsh, four urban/bare
s0il, one haze, and one shadow.

For final classification the Gilan Province area was divided
into the same four subareas as for the first LANDSAT frame
(Figure 3). Because of a prior knowledge about the first, sec-
ond and fourth subareas, that little if any tea is grown in them,

the three tea classes were deleted before classifying them. The

O
]
o]

tea classes were retained for assifying the third area -~ in
and around Lahijan and Langarud - where most of the tea in Iran
is produced. The estimate of area under cultivation for tea

(14,700 hectares) compared favorably to the government estimate



Table 8. Identity of spectral classes.

Area/Classes 1 2 3 4

1 o.v o.v o.v R
2 o.v 0.v 0.v o.v
3 F F F F
4 F ur. F B.S.
5 B.S. B.S. o.v B.S.
6 cl. H F F
7 ur. ur. ur. ur.
8 o.v 0.V 0.V o.v
9 «

o.v: other vegetation, R: Rice, F: Forest,

Second procedure, June

ur.

R

6 7 8 9 10
R R R R R
0.v 0.V 0.V 0.V 0.V
u.v u.v u.v R R
0.v/T F o.v 0.v/T u.v
B.S. 0.V 0.V o.v R
H F F F sh.
ur. ur. ur. ur. ur.
o.v w.S. R M w.S.

Not Identified -

M: Marsh, W: Water, cl: cloud, H: Haze, sh:

u.v: unknown vegetation, ur: urban,

shadow, w.s: wet scil

20, 1975 Landsat data.

11 12

B.S.: Bare Soil,

ﬁ”.

T: Tea,

-~
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Cover Type

Rice

Forest

other vegetation
cloud

Haze

shadow

Marsh

Water

Bare Soil

Table 9. Distribution of Cover Types,

Color

orange
light green
dark green
white

gray

black

dark blue
sky blue

red

Points

18772
1632
4136
2044

172

2252
5892
652

Acres

23540
2047
5187
2563

216

2824
7389
818

Area 1, June 20,

Hectares

9527
828
2099
1037
87
1143
2990
331

1975 Data.

Tigure 8. Color Coded Classi

fication Result,

Are

a l, June 20, 1975 Data,



Cover Type

Rice

Forest

other vegetation
cloud

Haze

shadow

Marsh

Water

urban/Bare Soil

Color

orange
light green
dark green
white

gray

black

dark blue
sky blue

red

Points

37828
5248
23880
4976
268
1420
52268
616

Acres

47436
6581
29946
6240
336
1781
65544
772

Hectares

19197
2663
12119
2525
136
721
26525
313

Table 10. Distribution of Cover Types, Area 2, June 20, 1975 Data.

Fal

Figure 9. Color Coded C

laggification Result, Area 2, June 20, 1975 Data.



Cover Type

Rice

Tea

Forest

other vegetation
cloud

Haze

shadow

Marsh

Water

urban/Bare Soil

Table 11. Distribution of Cover Types,

Figure 10. Color Coded Classification Result, Area 3, June 20, 1375 Data

Color

orange
brown

light green
dark green
white

gray

black

dark blue
sky blue

red

Points

91944
28964
38136
55204
13344
9888
4

732
30580
8308

Acres

115298
36321
47823
69226
16733
12400

5

918
38347
10418

Hectares

46660
14699
19354
28015
6772
5018
2

371
15519
4216

Area 3, June 20, 1975 Data.



Cover Type Colox Points Acres Hectares

Rice orange 164012 205671 83234
Forest light green 165508 207547 83993
other vegetation dark green 307 452 385545 156028
cloud white 24452 30663 12409
Haze gray 17620 22095 8942
shadow black 104 130 53
Marsh | dark blue 21244 26640 10781
Water sky blue 72116 90433 36598
urban/Bare Soil red 30580 38347 15519

Table 12. Distribution of Cover Types, Area 4, June 20, 1975 Data.

Figure 11. Color Coded Classification Result, Area 4, June 20, 1975 Data.
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for this area (14,000 hectares). Most tea plantations occur
on the slopes of hills. Therefore, in order to obtain a cor-
rect estimate of the area under cultivation of tea from satel-
lite data a correction must be made for the slope. However, in
this case because of a lack of information as to the slopes in
the tea plantation areas, this was not done.

The estimate of area under cultivation of rice for this
new classification requires some discussion and interpretation.
The main problem is that in this LANDSAT frame, there are clouds,
haze and shadows covering large parts of primarily rice producing
areas. For example, immediately east of the Sefid Rud (the
main river in the area), south of the point where it turns sharply
tc the east. With LANDSAT data the crops underneath the clouds
cannot be mapped. In some cases when a cloud is very thin (haze)
the shadow 1t casts does not completely mask the spectral res-
ponse of the crop and the response of the two things comnbined
can be mapped as that crop. In most cases though, the shadow is
ocf such low reflectance that it can only be mapped as shadow.
Because almost all the clouds, shadews and haze in this LANDSAT
frame were over areas that had been mostly classified as rice
in the previocus analysis (August 31 data), all points classi-
fied irto taose categories in the present analysis were counted
as heing rice. Also therc was one mixed class of rice/shadow
that was ccuntsd as race when the area estimate for rice was
tallied. This gave an estimate of 196,000 hectares, 148,000
for rice, 27,000 for clouds, shadows, haze, and 11,000 for rice/
shadow (Tables 9-12). This fiqure iz quite close to the esti-
mate obtained in the previous analysis,

Upon examination of the c¢olor coded classification maps of
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of the four subareas (Figures 8-1l) several changes from the
photos of the classification of the August 31, 1975 data are
noticeable. First less spatial detail is apparent, although
the same basic patterns appear. The homogeneity of the rice and
other vegetation areas has been lost. This is to be expected
when ccmparing the result from a date on which rice and other
vegetation were similar in color to a date when they were quite
different in color. When two cover types are similar in color
only slight changes in the arrangement or percent ground cover
of one of the cover types under one resolution element can cause
the spectral values associated with that resolution element to
be more like the spectral values normally associated with the
other cover type. Certain classification algorithms that clas-
sify groups of points instead of a single point at a time can
smooth out this heterogeneous result to look more like the
homogeneous one shown earlier.

In both analyses, other ground features such as bare soil,
urban, other vegetation, forest, marsh, and water were mapped
in the areas classified. However, the areas classified were re-
stricted to rice and tea-producing areas. Therefore, a good
area estimate for the entire Province for forest, for example,
is not available, because not all of the area under forest in
the Province was classified. In addition, cther vegetation was
not broken into any more specific classes. There are twe rea-
sons for this. First, insufficient information was available
to locate ond identify such mere specific classes; second, the
objective of the analysis was to map rice and tea; other vegea-
tation was of secondary impcrtance. Although area estimates

were obtained for other vegetation, because it is rot broken
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down and because of the smaller amount of effort put toward
insuring their correctness, they are not reported. These are
also reasons for the apparent difference in the number and
location of points classified as forest between the two dates

(Figures 4-7 versus 8-11).
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CONCLUSIONS

As stated earlier, the area estimates for rice were close
to the government estimate. Possible reasons for the difference
between the two would include 1) not all of the rice producing
areas in the Gilan Province were covered by either LANDSAT frame,
approximately 5% was missing; 2) insufficient reference informa-
tion was available to completely and specifically represent
the spectral characteristics of rice; 3) the area being consid-
ered is larger than that normally successfully mapped with one
set of training classes. The main problem encountered when
working with a large area.is that Crop A at Location 1 is spec-
trally similar to Crop B at Location 2 because of differences
in soil, precipitation or cultural practices. Again, lack of
reference information at the sub-province level played an impor-
tant role in forcing consideration of such a large area at one
time. The same considerations apply to tea which was success-
fully mapped in the second analysis by limiting the area it was
mapped in. By applying the experience gained here many it is
felt mény other crops could be mapped also. Recommendations for
subsequent analyses would include working on ona sub~province
(or other smaller area) at a time. The success of mapping tea
in the seccnd analysis was mainly due tc taking this course of
action. In addition, it would be very helpful to have any type
of current (same year) aerial photograpchv. Cne typa scan in
use at LARS had been taken along several 4.5 x 50 kilomoter

flightlines equally spacaed across the area to be wapped. The

L e

photography was photointerpreted 2nd used as ground truth to

lecate training fields, fields of known cover type, in the
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satellite data. Had that type of data been available for this
analysis, much more detail could have been extracted from it.

The technology used in this study has the potential for
being very useful for mapping large areas of crops, such as rice,
tea, wheat, cotton, and sugar beets. These are crops that nor-
mally occur in pure fields that are large enough to be discri-
minated by LANDSAT. Many other crops such as vegetables, pulses,
pumkin and eggplant that occur in small irregularly shaped
fields would be difficult to map with currently available tech-
nology. Other cover types such as mixed crops (vegetables, oil
seeds, and temporary crops mixed with permanent crops) would also
pose problems.

One other preblem noted in this study is that extensive to-
pographic relief usually results in shadows on the west side
(LANDSAT collects data about 10:00 A.M.) of sufficiently high
hills, and these shadows can cause difficulty in representing
cover types. In Iran most unirrigated areas are in the valleys
where they would be affected by this effect.

A consideraticn that should be elaborated is that this
technology is most cost-effective for mapping large areas. Suf-
ficiently small areas, 2000 hectares or less, can probably be
done more efficiently with photointerpretive techniques.6 In
sunmary there are certain things that this technology does well
and cost effectively - this analysis is an example of that.
However, the technology is not a panacea and one must consider

his problem carefully before he can decide how best to solve it.




REFERENCES

Bauer, M.E., 1977. "Crop Identification and Area Estima-~
tion Over Large Geographic Areas Using Landsat MSS Data.”
LARS Information Note 012477, Laboratory for Applications
of Remote Sensing, Purdue University, Lafayette, Indiana.

Bauer, M.E., 1975. "The Role of Remote Sensing in Deter-
mining the Distribution and Yield of Crops." Advances in
Agronomy, Vol. 27.

NASA Staff. "NASA Landsat Satellite Data User's Handbook."
Goddard Space Flight Center, Greenbelt, Maryland.

Stockton, J.G., Bauer, M.E., Blair, B.0., and Baumgardner,M.F.,

1975. The Use of ERTS-1 Multispectral Imagery for Crop
Identification in A Semi-Arid Climate." Ph.D Thesis, LARS
Information Note 040775, Laboratory for Applications of
Remote Sensing, Purdue University, Lafayette, Indiana.

Draeger, W.C., 1973. "Agricultural Application of ERTS-1
Data." Symposium on Significant Results Obtained From the
ERTS~-1 Satellite, NASA, Washington, D.C. Vol. I. Section
A: 197-204.

Hoffer, R.M., and Staff, 1975. '"Computer-Aided Analysis of
Skylab Multispectral Scanner Data in Mcuntainous Terrain

for Land Use, Forestry, Water Resource, and Genlogic Appli-
cations." LARS Information Note 121275, Laboratory for

Applications of Remote Sensing, Purdue University, Lafayette,
Indiana.

Phillips, T.L. (Editor), 1974. "LARSYS User's Manual."
Laboratory for Applications of Remote Sensing, Purdue Univer-
sity, Lafayette, Indiana.

Swain, P.H., 1972. "Pattern Recognition: A Basis for Remote
Sensing Data Analysis.” LARS Information Note 111572,
Laboratcry for Applications of Remote Sensing, Purdue Univer-
sity, Lafayette, Indiana.



