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EXECUTIVE SUMMARY

OVERVIEW

This four volume document constitutes the final report of the devg—
Topment of a multidisciplinary Earth Resources Technology Satellite (ERTS)
usér program in the State of Ohio. The three original objectives of this
prbgram were to: Perform research into new applications of satellite
imagery for everydéy state planning and resource management functions;
attempt to merge processed LANDSAT imagery with socio-economic data; and
develop a statewide land inventory using LANDSAT data. The original
sequence of activities was reversed during the course of the program so
that the land inventory occurred first, the socio-economic/LANDSAT merger

second, and the investigation of new applications third.

PROGRAM EVALUATION

In terms of program objectives, the three phases mentioned above have
been completed. (1) The State of Ohio has developed a current, uniform
land inventory derived, in part, from LANDSAT data. In addition, the State
has-the ability to convert processed land information from LANDSAT to OCAP
data files. OCAP is an acronym for the Ohio Capability Analysis Program
developed by the Ohio State University and the Ohio Department of Natural

Resources. OCAP is a computer information and mapping system comprised of

‘various programs used to digitally store, analyze, and display land capa-

bility information. OCAP can provide tailored land information to users
economically. (2) The State has acquired considerable experience in its

attempts to merge LANDSAT data with socio-economic information. Indications
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are that more accurate processing of LANDSAT data could lead to reasonably
accurate, useful land allocation models. (3) Efforts to investigate neﬁ
applications of satellite imagery have been moderately successful, sug-
gesting that it is feasible to use LANDSAT information for such varied
purposes as mineral exploration, pollution analysis, land use mapping and

resource inventory. Summaries of individual program phases follow.

VOLUME 3: DEVELOPMENT OF A STATEWIDE LAND USE INVéNTORY

This volume describes the procedure used by.the State and Bendix
Aerospace Systems Division to generate a land use inventory using LANDSAT.
Basically, the procedure involves data collection and processing, categor-
ization and location of data, conversion of LANDSAT tapes to OCAP format,
and verification of imagery categories. Data collection involved ac-
quisition of good quality LANDSAT imagery as well as training materials
for imaée interpretation such as aerial photos, maps and localized ground
information. Data were processed to produce interpreted land use infor-
mation on computer compatible tapés (CCT's). Ground information was
located and interpreted for comparison to the CCT's. Information was thus
"categorized" to develop a uniform set of land categories for further
interpretation. The process of converting [ANDSAT data to OCAP format
involved the location of pertinent bouhdaries by OCAP digital format;
the conversion of LANDSAT categories to land use files (again, in OCAP
format), and the creation of LANDSAT/OCAP county files. Files were

analyzed statistically, in terms of acreages and percentages of land use

‘classes by political jurisdiction. Two studies were used to yerify

the land cover files. In the first of these, files were verified across

the State using a sample of 94 selected areas. Results showed that the



land.use files were 80% accurate overall. The second study was much more
localized and intensive. Accuracy levels of this 1nten51ve study were
significantly lower than those of the statewide study. This disparity
suggests the need for further study by the State to improve the accuracy
of land use information, both in terms of information processing and

categorization.

VOLUME 3: THE OHIQ LAND ALLOCATION MODEL

The purpose of this project was to develop a set of land use models
relating socio-economic characteristics to changes in land use as
measured by interpretation of LANDSAT data. The State contracted with
two consultants for this phase of the program, and the cpnsu]tants init-
iated a number of activities. These included reviews of: land use models
developed for other areas, data available for the current modeling effort,
and pofentia]_uses of LANDSAT imagery in land use studies. Cross 'sectional
Statistical models were developed for residentia],'commercial, industrial
and agricultural uses. Each of these models utilized assessed value of
land and number of parcels with respect to population and employment levels.
The agricultural models were revised to incorporate data related to agricul-
tural production. Results indicate that the LANDSAT data for Ohio are not of
high enough accuracy to be used in a modeling framework. However, one
cétegohy of LANDSAT data (Urban Residential) does form a significant
relationship with socio-economic data. This indicates that a more accurate
LANDSAT data base could lead to simulation mode]s similar to those developed

in this phase.

VOLUME 4: DEVELOPMENT OF NEW APPLICATIONS

The State contracted with Battelle Columbus Labs to develop new ap-



Plication possibilities and to promote user awareness of LANDSAT data
for economic, resource, and community development interests in Ohio.
Four projects--Linear Analysis, Lake Erie Sedimentation, Urban Land

Use and Woodlands Analysis--were undertaken using LANDSAT imagery,
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LANDSAT CCT tapes, SKYLAB imagery, high and low 1eve] aircraft imagery

and ground information. These four projects were selected on the

basis of previous investigation of LANDSAT flexibility, degrees of

"operational feasibility, and usefulness to the State. Summaries of

the four projects follow.

LINEAR ANALYSIS is a method of identifying linear and curvi-

linear topographic features which may have significance for
mineral exnloration activities. The procedure involves
interpretation of LANDSAT imagery and aerial photography.
Re;u]ts of the analyses indicated that it is feasible to

mab linear and curvilinear features in Ohio utilizing various
interpretation techniques on LANDSAT imagery. Features
identified by linear analysis should be studied to deter-

mine mineral potential.

The LAKE ERIE SEDIMENTATION ANALYSIS project set out to

demonstrate that repetitive, multispectral LANDSAT data
dou]d identify, measure and model changes in sediment loadings

ih Lake Erie. The project was hampered by the lack of sedi-

ment measurements consistent with LANDSAT overpasses.

Consequently, LANDSAT imagery could not be verified by ground.

measurements, and no conclusive results were obtained.
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The URBAN LAND USE project involved a comparison of high

altitude aerial data with LANDSAT data for Columbus and
Franklin County, Ohio. The purpose of this comparison was
to assess the use of LANDSAT data for inventory and mapping
of land uses. The results suggest that LANDSAT data can be
used effectively in non-urban areas or for selected planning

interests, such as monitoring growth trends, in urban areas.

The WOODLAND ANALYSIS was designed to determine if high level

aerial color infrared imagery could be used in conjunction with
LANDSAT imagery to provide detailed information concerning type
and condition of timber stands in Ohio. Emphasis was placed

on identification of woodland boundaries, stand composition,
stand maturity, cut and reseeded areas and tree stress. The
results suggest that %t is feasibfe to inventory forestlands

in the State utilizing LANDSAT data in concert with extensive

aircraft and ground truth data.
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INTRODUCTION

This volume reports the contract efforts to develop an operational
land use inventory. The most recent statewide, comprehensive inventory
of Ohio's land uses was prepared in 1965. This first statewide land use
inventory was developed from the United Stapes Geological Survey 7-1/2

' mihute‘quad.sheets prepared for Ohio Between 1958 and 1964. This 15 year
old inventory is, in fact, a genera]ized summary of Ohio land uses as they

existed in 1960.

The entire inventory project took nearly two (2) years to reach
completion. The twelve (12) Tand use categories were displayed for the
entire state on a map sheet at a scale of approximately 1:500,000. Since
data had been inventoried on the basis of county boundaries, nine (9)
regional maps, displaying éhe twelve (12) categories for groups of counties,
were prepared at a scale of 1:250,000. In addition, a report entitled
"Use of Land in Ohio", wﬁich analyzed the data and disaggregated the twelve

categories into the original 25, was published as an extension of the maps.

The generalized 1960 Ohio Land Use Inventory represented a major
state undertaking using one of the first HUD 701 planning grants provided
_to the state. The motivation for this project came from a general desire
to acquire an overall picture of Tland use in the state. In effect, the
project was research oriented with the small scd]e maps representing the

primary objective and product.
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The expanding scope of State planning as reflected in a wide variety
of new planning programs, has generated the need for an accurate, up-to-date
cbmprehensive Ohio land use inventory. The scope of State planning in Ohio

is briefly illustrated by the following examples:

* The Coastal Zone Management Act which requires coastal
states (including the Great Lakes) to prepare detailed
management strategies for shoreland areas.

* The expanded land use requirements of the HUD 701 pro-

"gram which now mandate the preparation of statewide land
use programs.

* The 208 Water Qua]itybplanning process, which requires
significant amounts of_]and use data as input into the
determination of qua]ity and quantity of storm water run-
off and nutrient flow into water ways.

f The technical planning assistance role of state govern-
ment in Ohio has focused upon the dissemination of basic
planning data such as a land use inventory.

* The reclamation of strip mined lands is mandated by
Ohio 1972 Strip Mine Legislation. The development of an
overall strategy for reclamation of some 346,000 acres
requires the availability of detailed 7land use data.
This.program will be carried out using a portion of
the excise tax on the severance of Ohio minerals.- .

* The development of statewide land use and growth poli-

cies require a land use inventory as a framework for

o ATE: e L
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decision making. Pending legislation in Ohio would
focus considerable attention on the revamping of Ohio's
| land use planning law.

* Public concern over the preservation of agricultural
land, the haphazard expansion of urban areas and‘the mis-
use of Ohiofs land resources, have begun to generate
ihcreasing pressure for meaningful land use plans which

accurately protray present and future patterns of use.

Due to the real need of the State to prepare land use inventories, and
the potential seen in the application of LANDSAT data, a protion of this
contract was used to develop the procedure and system for generating and
delivering land use information to users in the State of Ohio. Figure

1 provides a diagram of the overa]]’View of the brogram.
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CHAPTER II-I
DATA COLLECTION AND TRAINING INFORMATION

Data Collection and Cataloging

The initial phase of study design implementation is the collection of
appropriate data. The primary data in this case was spectral image

data from LANDSAT. Reports of LANDSAT image quality that had exceeded
predetermined quality criteria were received weekly by the state from the
EROS Data Center. Those images that did surpass criteria were automatically
assessed and usually were received by the state in three to four weeks.

When the images were received, they were viewed to determine if they

were completely cloud and haze free.

In order to facilitate the storage and review oﬁ'LANDSAT image data,

a very simple system of image identification, documenation and filing

was initiated. Within each satellite cycle, the pass covering the
éastern edge of the Ohio occurred on day one of the cycle. The next pass
west occurs on day two and so forth until the west edge of the state was
covered in the fourth pass on the fourth day. Each pass provided three

to four overlapping scenes covering the state from north to south.

Because of the stability of this pattern, it was easy to establish a
track (pass) and scene (north south sequence of scenes) numbering system

that immediately identifies the data. Figure 2 shows the identifying system.

30
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TRACK 4

figure 3
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A data log book was prepared with each paée representing a cycle, and
space provided for logging each track and scene entry illustrated in

Figure 4. In this way, coverage was immediately apparent over time and

location, plus the data adequacy.

Data Review and Selection

Because of the -strict criteria, most scenes were unacceptable‘for pro-
cessing and the stafe was still not covered as the late fall and winter
months approached. Winter data is seasonally poor for land cover interpre-
tation. Marginal scenes were selected, although from a complete search of
the EROS LANDSAT data base (Jan. 22, 1975 forward) along with the good Ju]y’
1975 data in a conference with the Bendix Aerospace Division. Due to the
time factor, Computer Compatible Tapes (CCT's) were ordered from the EROS
Data Center in January - February of 1976. In April of 1976, during cycle
24 of LANDSAT II, four good days of data collection provided data to sub-
stitute for the marginal scenes. The only exception was that scene covering

the Cleveland vicinity.

The state decided to proceed with the data set as it stood in June 1976

and categorical processing was begun.

LANDSAT scenes processed from the best avajlable coverage are shown in

Table 1. The scene coverage is shown in Figure 5.

2-7
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TABLE 1

LANDSAT scenes processed for the Ohio State inventory

Reference

Number 1

1A
1B
2A
2B
2C
3A
38
3C
4A
48
4c
0CcD

LANDSAT

Scene

Number
2190-15410
2442-15372
2189-15325
2189-15355
2441-15320
2278-15283
2188-15300
2440-15262
2439-15195
2439-15201
2439-15204

1337-15475

Reference number was generated
internally Bendix Aerospace

LANDSAT
Scene
Date
31 July 1975
8 April 1976
‘30 July 1975
30 July 1975
7 April 1976
27 October 1975
29 July 1975
6 April 1975
5 April 1976
5 April 1976
5 April 1976 -
25 June 1973
(Change detection in Frank-

lin Co. area processed for merge
with socio economic data.)
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Figure 5. Location Map of Landsat Coverage
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Developing Training Information

In a statewide program applying a new and generally unfamiliar technology,
training the machine processing system becomes a problem, and a portion

of the overall results of the program must be a function of the success of
the training process. F10Q of the technical program is shown in Figure 1.
A total evaluation of this program may demonstrate that classification ac-

curacy is spatially related to the distribution of the training areas.

Two approaches were taken. First, train with available aerial photography
(small and large scale black and white and color infrared) in addition

to other available maps and information. Second, an effort to develop an
awareness at the local and regioﬁa] level of training requirements of
machine processing and to utilize that awareness, to obtain training in-

formation.

Information from this second approach was used in the southwest portion of
the final inventory; however, a complete and proper implementation and
evaluation was not made. Its presentation is made because of the attracti-
veness of (a) obtaining a large amount of training information without
increasing the small state staff and (b) invo]ving'the probable final user
in producing and utilizing the product. This second approach is outlined

in the Appendix as stimulus for further development.

Use of Available Data

The Ohio Department of Economic and Community Development (DECD) provided

several different types of ground truth material. The ground truth data

2 -1
26
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included: selected aerial photography covering portions of Columbus, .
Cleveland, Cincinnati, Akron, Toledo and other regions throughout the State,
regional land use maps near Cleveland, and training area forms which were

the result of a specific ground truth identification program developed by
DECD. LANDSAT images (band 5 and 7, at 1:1,000,000) were provided for each
scene, and assisted in the selection of categorization coverage for eacn
part of the state from the appropriate scenes. In addition, a set of UsGS
7-1/2 minute quadrangle maps (1:24,000) were used for ground truth and ground

control points.

Of the various types of training area material provided by the State,
the most useful, listed in respective order, were:
a) Aerial photography - Color IR as flown by NASA in August
1975 at an altitude of 65,000 feet.
b) Other aerial photography - black and white over several
specific areas of the State.
c) LANDSAT images - black and white at scale of 1:1,000,000
bands 5 and 7.
df Ohio statewide land use inventory training area package.
€) USGS 7-1/2 minute quadrangle maps for the entire State.
g) Additional soil maps, road maps and other Bendix materials.
Various combinations of these trainiﬁg materials were used to cétegorize

the: eleven LANDSAT scenes covering the entire state.

2 - 12
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CHAPTER II-2
MACHINE PROCESSING OF LANDSAT DATA

LANDSAT Data Processing Steps

A number of processing steps were followed to produce the computer tape
file products required for this project. Figure 6 shows the general
sequence of steps and denotes which steps were taken. The following para-

graphs describe these and other intermediate steps.

Generation of Categorized Tapes

For this investigation, LANDSAT CCT's were acquired by the State of

Ohio and processed on the Bendix Multispectral Data Analysis System (MDAS)

to produce interpreted land cover data. Information provided by the State f,
of Ohio was d§ed to locate "training areas“-ﬁdminal]y 20 to 4Q acres in size

which were representative of each category,

These areas of ground truth data were located on the LANDSAT CCT's by
viewing the taped data on the M-DAS TV monitor. The coordinates of the
training areas were designated to the computer by placing a cursor over the
desired area and assigning a training area designation, category code, and
color code. Several training areas, typically 20 to 50 pixels in size, were
picked for each category, with each pixel corresponding to a ground coverage
of 57 x 79 m. The color code was used in later playback of the tapes when

the computer-categorized data are displayed in the designated colors. :

2-13
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The LANDSAT spectral measurements within the training area boundaries ‘

were edited by the computer from the CCT, and processed to obtain é numerical
descriptor (computer-processing coefficients) to represent the spectral charac-
teristics of each target category. The descriptors included the mean signal
and standard dev1at1on for each LANDSAT band and the covar1ance matrix taken
about the mean. The descr1ptprs were then used to generate a set of proces-
sing coefficients for each category. In mult1var1ate categorized processing,
the coefficients are used by the computer to form a linear combination of the
LANDSAT measurements for each pixel. The variable produced has an amplitude
which is associated with theprobability that the unknown pixel measurements
belong to the particular target category sought. In categorical processing,
the probability of a LANDSAT pixel arising from each one of the different tar-
get categories of interest is computed for each pixel and a decision, based on
these computations, is reached. If all the probab111t1es are below a thres-
hold level spec1f1ed by the operator, the computer will decide that the cate-

gory viewed is unknown (uncategorized).

Once the analyses were completed for the cover types of interest, the

MDAS computer used the LANDSAT measurements from these training areas to cafe-
gorize each one acre picture element (pixel) with the state. The categoriza-
tion effort resulted in a "categorized tape". On this new tape, a digital

code is used to represent the interpreted land-cover categories. Special soft-
ware was developed for this project, at no cost to the contract, to merge the
category groups from each of the eleven scenes into one common category coding.
The data was then reformatted to create a new merged categorized tape containing

the standard category coding for the entire state.

2-15
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Geometric Control

After categorization and prior to producing the tape products, the LANDSAT
data was geometrically controlled. There are three basic steps involved

in producing coefficients for the correction of LANDSAT data. The first
step consists of automatic retrieval of the latitude and longitude of care-
fully selected ground control points from a map through a digitizing process.
The criteria for the selection of these ground control points includes

ease of identification and accuracy of Tocation. Exémp]es of ground control
points include confluence of rivers, intersection of roads, bridges over
river, and pointed shoreline and coastal features. The 7-1/2 minute

quadrangle maps were used for these ground control points.

The second step consists of converting the latitude and longitude of these
ground control points to LANDSAT coordinates, using a theorectical trans-
formation derived from known and assumed spacecraft paraﬁeters'such as
heading, scan rate, and altitude, and from a knowledge of earth rotation
parameters. ‘The LANDSAT coordinates and transformation matrices thus ob-
tained are approximate, based on the use of the nominal spacecraft parameters.
The aphroximate]y—derived LANDSAT coordinates and transformation are used,
however, to identify the actual LANDSAT coordinates associated with the ground
contro] points. To accomplish this, the coordinates of a ground control point
are input to the Bendix data processing system. The approximate transformation
computes the LANDSAT coordinates and displays the area on a TV monitor. Posi-
tional error of the ground contﬁol points displayed to the investigator are
designated to the computer by the cursor. This error measurgment is used by

the computer to derive a set of coefficients for the transformation matrix.

2 -16

P S U S

v

Ry S ST

S



&
g

A
A ¥ 4

The procedure is then repeated on additional ground control points until

the desired geometric accuracy is achieved. This rapid interactive proce-
dure is essential for producing a transformation matirx which provides an
accurate correction for the spacecraft data. This correction is then ap-

plied during the preparation of all data products.

Resampled Computer File Tapes

The categorized-merged tapes were processed to aggregate the categorization
of each scene into a standard categorization code for the entire state.
The state was sectioned into rectrangular groups of guadrangles in order

to obtain the best categorization and complete coverage of the state.

Resamplied computer file tapes were produced for the basic inventory data

unit of a 7-1/2 minute quadrangle. The specific data unit size, reso-

lution element size and tape header information were designed to interface
with the state's data management system. Each quadrangle (déta unit) is
preceded by a tape header as described on page 18. The resolution elements
obtained by resempling the LANDSAT data are defined by a grid size of 30.48
meters in the east-west direction and 182 1lines per quadrangle in the north-
south direction (N-S length approx. 75 meters). The elements are north-south
oriented on the resampled tapes. It should be noted that many of the quadrangles
contain a fprimary" or "subordinate; title, which indicates thé preferred
categorical and geometric data where possibly a "subordinate" quadrangle

appears on another tape.
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SAMPLE DATA UNIT
DESCRIPTION OF HEADER RECORDS (RECORD 1) FOR RESAMPLED LANDSAT QUAD TAPES

The header record size is 30 EBCDIC characters as follows:

Character Description
'll
1-6 'ERTS-or
2I
7 - 14 Date of flight: A blank followed by day of month,

numberals, month of year abbreviated to three alpha
characters, and year abbreviated to two numerals.
Example: '29JUN74'

15 - 30 Constant 'Cb' (b for blank), then Latitude direction
(N or S) and magnitude in degrees and minutes followed
by '/' and Longitude direction (E or W) and magnitude
in degrees and minutes..

Example: "C NA2-13/M115-35"
Meaning: Format center C is Latitude North 42° 13',

Longitude West 115° 35'.

DESCRIPTION OF QUAD FILE IDENTIFICATION RECORD 4...(n+2)

The record size is 80 EBCIDIC characters

Character Description
1 -2 Quad identification code (@ @ if outside state)
3 Blank
4 - 30 | Quadrangle Name (or "outside Sfate of Ohio"_

31 - 39 ~ Blank

40 - 49 LANDSAT scene number !@@pg-pppp)

50 Blank

51 - 60 _ Categorization indicator "primary" or "Subordinate"

(this word indicates the primary or a subordinate cate-
gorization for the particular quadrangle)
2 - 18
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Land Use/Cover Categories Identified

Table 2, p. 21 lists the type of land cover categories identified for the
entire State of Ohio, and shpws the category code number used for each

category for the computer tape files.

The categories Tisted in Table 2 were named to provide a brief title of
the land use/cover they include. A summary of some of the characteristics
of each category follows.

Urban, Core. Developed areas with high concentration of imper-
meable surface and no vegetation, such as central business dis-

trict and high density industrial, commercial and residential

areas. This category also includes portions of the Ohio River,
indicating that at the time of data acquisition the river was at

low flow stage exposing large areas of the river bottom and

banks, or that the river was highly turbid (high suspended sediment).

Urban, Residential. Developed areas with medium concentrations
of impermeable surface and limited vegetation, including medium
density commercial and single and multifamily residential areas.

Urban, Suburban/Agriculture. Developed areas with medium concen-
trations of impermeable surface and 1limited vegetation, including
low density commercial and low density single and multifamily
residential areas. Older houses with large tended grass or brush
areas, are included in this category.

Agriculture, Vigorous Growth. No.specific ground truth was

available for determination of crop types over the State. Since

the inventory is more concerned with agriculture vs. non-agri-
culture delineation, the growing agriculture was divided into only
two subgroups. Vigorous growth agriculture includes those crop types
with a high chlorophyll content growing in thick density.

Agriculture, Medium-Sparse Growth. This category includes areas
where the crop may contain a Tower chlorophyll content, or is grow-
ing in medium to thin denstiy, or has been recently harvested.

Agriculture, Bare Fields. This indicates cropland areas that have
been harvested and/or plowed. It should be noted that both July
1975 and April 1976 LANDSAT data was used in the inventory, and
areas which were bare in Arpil 1976 may have experienced vigorous
growth in July 1975. The categorization indicates the condition

during the LANDSAT scene date.

2-19
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Agriculture, Pasture. These areas are non-cropland fields or
ate season grain crops.

Rangeland, Reclaimed Stripmine/Urban. The category was chosen
to define reclaimed stripmine areas; the category also appears
in the urban areas where the rock-grass area appears similar to
the buildings-grass areas in the LANDSAT data. The differentia-
tion may be easily made by noting the geographical (i.e., city-
country) location of this category.

Rangeland, Scrub and Brush. This category exists where vegeta-
tion has partially regrown in areas previously disturbed by agri-
culture and/or urban development, or in areas of low soil mois-
ture content. '

Rangeland, Herbaceous. This category encompasses lands dominated
by naturally occurring grasses. Due to the seasonal period of
the LANDSAT data, the category will include naturally occurring
grasslands and planted recreation lands.

Rangeland, Grass-tended. Grass that is highly fertilized and
watered, including golf courses, cemetéries, parks and/or re-
creation areas.

Forest, Mixed decidious, including lowland and upland types.
>Ignificant stands of conifers were not identified in the ground
truth data.

Water, Turbid. Water in rivers, lakes,:reservoirs and basins
with a high quantity of suspended sediment.

Water, Clear. Water in rivers, lakes and reservoirs with a
low amount of suspended sediment or algae content.

Wetland, Non-Forested. Areas dominated by herbaceous vegetation
or nonvegetated, including tidal marshes, freshwater meadows ,
wet prairie and open bogs.

Wetland, Forested. Wetlands dominated by woody vegetation,
including seasonally flooded bottomland hardwoods, wooded swamps,
and areas around bogs. .

Barren, Settling Pond. Areas created for processing and/or

waste storage of solidified matarial.

Barren, Beaches. Smooth sloping accumulations of sand and gravel -

along shoreline.

Barren, Mines, Quarries and Gravel Pits. Areas where extrac-
tive mining activities have significant surface expression.
Flooded areas are typically placed in the water category.
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Barren, Stripped Bare. Areas where significant strip mining and/or
tbﬁgtruthﬁﬁEﬁHE‘gFéﬁtly d?sturbed theglandscape. P J /

Barren, Stripped/Urban. These areas were originally identified

in the barren categroy, but are also found in the urban area
where large concentrations of buildings or concrete or trans-
portation centers look similar in the LANDSAT data. The cate-
gory can be appropriately defined in the context of the locality
where it exists.

Uncategorized. This category includes all pixels that do not
fall into the remaining categories.
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TABLE 2

s

CATEGORY NAME AND NUMBER ASSIGNMENT

Urban 01
Core -
Residential
Suburban/Agriculture
Agriculture 02

Vigorous Growth
Medium-Sparse Growth
Bare Fields

Pasture

Rangeland 03
Reclaimed/Urban
Scrub & Brush
Herbaceous
Grass-tended

Forest 04
Mixed

Water ' 05
Turbid
Clear

Wetland 06
Non-Forested
Forested

Barren 07
Settling Pond
Beaches
Mines, Quarries &
Gravel Pits
Stripped/Bare
Stripped/Urban

Uncategorized 00

<

011
012
013

021
022
023
024

031 -
032
033
034

041

051
052

061
062

071
072

073

074
075
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Special Processing and Problems

During the training and analysis of the LANDSAT data, two common problems
were resolved by special processing techniques. One problem, which oc-
curred throughout the categorization of all the scenes, involved con-
fusibn of the urban (residential-suburban) and,baéren (extractive-bare
earth) categories. The problem was resolved by judicious selection of train-
ing areas where the classification could be easily determined based on the
geographic location of the category. For example, the Barren, Stripped/
Urban category was selected for categorization of active strip mining, but
also appeared in the central urban areas. The correct categorization
(Barren or Urban) is easily identified when one notes whether the category'
is in an urban area, or in the countryside. For statistical purposes, the
boundary of the specific area may be digitized and correctly included in any

tabulation of a large area which may encompass -both types of land-use.

The second special problem involved agriculture/urban categorization in
a specific location centered near Defiance, Ohio. In this case, the pro-

blem appeared to be a factor of geology, soils, crop condition and season

in the 2190-15410, 31 July 1975 scene. The problem was that urban categories

selected with training sets in the Toledo area appeared in the agricultural
fields near Defjance. The general shape of this area approximately cor-
responded to an arrowhead pointed in a southwest direction. Further investi-
gation and analysis indicated that the anomalous urban category was dir-
ectly related to a flat expanse Sf moderately dark colored, poorly drained

Paulding soils deposited during the last g]aciétion. This area was apparent

ay
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the LANDSAT black and white, band 5 image and local geologic maps. (Refer
to "Know Ohio's Soil, 1973).

This problem was resolved by performing the training, analysis and pro-
cessing twice for the same area. The initial work was done for the cor-
rect categorization outside of this particular Defiance area, and a second

categorization was undertaken for the agriculture in the specific area.

THé data was processed for both categorizations, and two processed merged
tapes were produced. Quadrangles for the resampled computer file tapes
were specifically selected from One or the other categorization to pro-
vide the best classification. Quadrangles from Lyons southward to Malinta
and those to the east were resampled from the categorization favoring the

Toledo urban area, while those quadrangles to the west and south of. N41- .

30-00, W84-07-30 were chosen from the Defiance agr1cu1tura1,categorization.f‘

An additional tape of the anomalous - subordinate quadrangles in the Toledo
area was delivered for further analysis by the State. Therefore, this
specific problem due to geologic soil deposits was resolved by performing
two categorizations and selecting the correct categorization for each

particular quadrangle in the vicinity of Defiance, Ohio.

Evaluation of Categorization

Before producing categorized data for each LANDSAT ‘scene covering a pro-

tion of the state, a number of tests were applied to evaluate the computer s

ability to perform the desired interpretation. The tests included generation

of categorization-accuracy tables, and viewing the processed ‘imagery on the

i



MDAS TV monitor. Selection of training areas, generation of accuracy
tables, and evaluation of processing results through use of computer print-
outs and the TV monitor were iterative operations, and were performed for

each LANDSAT scene.

Ground truth data which remained from the initial training set selection
were compared with a category-color coded display of the area on the

MDAS monitor. The categorization was verified through the use of the ground
truth points, aerial photography and map data at various scales. Finally,
the quadrangle file tapes were displayed, examined and compared with ground

truth data and maps for a final evaluation.

Table 3 is a categorization accuracy table for scene 2188-15300. It shouild
be read row by row and measures the percent of each training set as it is
categorized by the categorical coefficients, against each of the categori-
ca]'groups. Row 9, for example, indicates that, when the pixels in train-
ing set 9 are categorized, 20% of the pixels are categorized into group 2,
which is water, and 76% are categorized into group 9, which is also water

of apparently similar qualities.

Ground Control Points

For this investigation, approximately 1,000 total ground control points
were used to precisely control the LANDSAT data. The RMS error was typi-
cally less than two picture elements (pixels) and two scan lines. The

ground control points were digitized from 1:24,000 scale maps.
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CHAPTER II-3
BUILDING THE DATA MANAGEMENT SYSTEM

Creation of Digital Political Boundary Files

The initial phase in the deve]opmenf of the Land Use Inventory for the
State of Ohio was to convert all Eounties and townships into the digital
format of the OCAP! system. The counties and townships could later be
masked with the appropriate LANDSAT information to produce tabular summaries
and ‘maps of land cover for each political unit. Source maps used for the
conversion process included an Ohio county/township map at the scale of
1:500000, and the 788 USGS 7-1/2' quadrangles of Ohio at the scale of
1:24000.

An identification system was developed for referencing and storing each
quadrangie as a computer file. A quadrangle index sheet, showing all qua-
drangles in the state, was coded in the horizontal direction with the letters
A - Z and the number 1 - 0, beginning in the northwest and contiquing to

the northeast. The vertical direction was coded with the letters A--Z and

. the numbers 1 -3, beginning in the northwest and continuing to the south-

west (Figure 7). To determine the identification of any quadrangle, one

would first read the letter or number corresponding to the column in which i

1. OCAP is an acronym for Ohio capability analysis program. It is a
computer information and mapping system which consists of various pro-
grams used to digitally store and analyze information which is neces-
sary to determine the capability of land to support given functions.
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FIGURE 7,
QUADRANGLE IDENTIFICATION
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the quadrangle is located, then the letter or number corresponding to the
row. As an example, Lawrenceburg quadrangle, in the southwest corner of

Ohio, would be coded "AX".

Digitizing of political boundaries necessitated the use of consistent and

accurate measurements for the horizontal and vertical distances of each

quadrangle. Quadrangle measurements were then determined from Cartographic

Tables of Topographic Instructions of the United States Geologic Survey.

Eleven Ohio townships were then located on the quadrangles with the excep-
tion of Cuyahoga County. The Regional Planning Commission from Cuyahoga
County provided 1976 municipality and corporate limits as an alternative

to township units.

Encoding and Digitizing Political Boundaries

Political boundaries were encoded on the 7-1/2' quadrangles with approp-
riate county/township identification codes (Figure 8). Each county was
assigned a single digit county identification number ranging from 0 to

9 so that no two adjgcent counties would have the same number. Each town-
ship, in alphabetical sequence within a county, was assigned a two digit
number ranging from Ol.to nn (Figure 9). An example, Bedford Township in
Meigs County has an identification number of 201. The "2" is the county
jdentification and the fO]" is the township identification. This number-
ing system insured that no two political units on a given quadrarigle would

have an identical code.
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FIGURE &
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FIGURE 9.
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Seventy-five percent of the quadrangles were digitized, using a polygon
method and twenty-five percent using a row segment method unique to the.
OCAP system. The polygon method required circumscribing each county/
fownship unit and recording vertices of each. The row segment method re-
quired digitizing 182 lines of infdrmation in the Y - axis with appropriate

county/township codes.

The digitizing method selected was dependent upon the efficiency and ac-
curacy of data conversion. Output form digitizing was a punched card

deck representing political boundary locations within each quadrangle.

Processing and Mapping of Political Boundary Data Files -

The quadrangles digitized using the polygon method were first processed
through the POLYGON program to convert digitized vertices for political
Poundaries.into the standard row segment format of the OCAP system. The
quadrangles digitized uéiné the row segment method were processed through
the EDIT 2 program. Input for both methods included the punched card deck
and program control cards. Output was disk storage of the political boun-

dary data files and a listing of each file.

The output files were then mapped using the MAP program. A line printer map
with character dimensions of 200' x 250' (1.15 acres) was produced for each
quadrangle (Figure 10). Mapping was necessary to verify the accuracy

of the data conversion.

Verification and Editing of the Political Boundary Data Files

A visual edit was performed for each political boundary file: The computer

map was compared to its corresponding quadrangle to insure ail information
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was converted accurately. Errors were flagged on the computer map and
edited using the EDIT 2 program (Figure 11). A1l political boundary

quadrangle files were then permanently stored on computer tape.

Creation of Political Boundary County Files

After all political boundary quadrangle files encompassing a particular

county were combleted,~the individual quadrangles were merged into a county
area file using tﬁe MERGE program (Figure 12). The county area file contained
information not only for the county of particular interest, but also
information for portions of counties adjacent to it. The BOUNDARY program

was used to separate the county of interest from the county area file.

The political boundary county file was then mapped, verified for data

accuracy, and copied to permanent storage on computer tape.

Conversion of Bendix Land Cover Files

Thé next major phase in developing the Land Use Inventory for the State of
Ohio was to create LANDSAT land cover files, which were the basic input into
the inventory. LANDSAT data was developed from 11 LANDSAT scenes acquired
in 1975-76 by the Aerospace Division of Bendix Corporation]. “The data

was forwarded to the Ohio Department of Natural Resources for reformating

to the OCAP system. The reformated data could then be used with the poli-

TRt LR S sPibe T S S

tical boundary data to produce tabular summaries and maps fdr townships

1. For a detailed discussion, see Bendix Report BSR 4255.
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and counties in Ohio. Summary information was stored in the MARK IV

information management system which will be discussed in Section III.

Bendix produced LANDSAT data files for all 7-1/2' quadrangles in the State.

Each file was stored on computer tape with the number of files per tape
ranging from 2 to 75 (Figure 13). A number of quadrangles were located

on two separate tapes as primary and subordinate files. The primary

files were used for all subsequent OCAP processind. The data file consisted
of descriptions of each quadrangle file and digital data codes represent-
ing land cover categories. The categories used in the inventory included 7
level I and 22 level II categories, with an additional undefined category.
The level I and level II categories with their corresponding codes were
listed in Table 2 with a discussion of categories, but are repeated here for

convenience in Table 4.

Format Conversion of Bendix Files to OCAP Files

A computer program called CVTOCAP was written to convert Bendix LANDSAT
files into the OCAP format since the Bendix format could not be directly

used in OCAP processing. The main purpose of the program was to reformat

LANDSAT data from a grid format to the row segment format of OCAP. The pro-'

gram provided a description of each quadrangle file, inc]uding.scene number,
primary or subordinate, date, geographical coordinates, and header charact-
eristics of the output OCAP file (Table 5). The program also had the
flexibility of providing either level I or level II categories or aggre-

gating categories upon user specification.

Initial conversion was completed for 105 sample quadrangle files indicated

“in Figure 14. The samp]e'areas were mapped in a 1ine printer and compared
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FIGURE 13.
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LAND USE/LAND COVER CATEGORIES AND CODES

Level I

Urban

Agriculture

Rangeiand

Forest

Water

Wetland

Barren

Uncategorized

TABLE 4.

Categories

Level II

Core
Residential
Suburban/Agriculture

Vigorous Growth
Medium-Sparse Growth
Bare Fields

Pasture

Reclaimed/Urban
Scrub & Brush
Herbaceous
Grass-~tended

Mixed

Turbid
Clear

Non-Forested
Forested

Settling Pond
Beaches

Mines, Quarries &

Gravel Pits
Stripped/Bare
Stripped/Urban
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02

03

04

05
06

07

00

Codes

o1
012
013

021
022
023
024

031
032
033
034

041

051
052

061
062

071
072

073
074
075
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for general geometric and classification accuracy with USGS 7-1/2" qua-

S drangle maps. The comparison indicated that tape 11 and 19 could not be
used, either because of poor classification (Tape 11) or missing files
(Tape 19). The poor classification of Tape 11 was probably the result of
choosing alpoor LANDSAT scene. It was also ﬁoted that most quads had to
be shifted somewhat in the X and Y directions, in order to be aligned
correctly with their corresponding 1ine printer maps. The files on the re-
maining tapes appeared acbeptab]e, and were converted into the OCAP format, .
using the CVTOCAP program and mapped on a line printer (Figure 15). The
files were then permanently stored on computer tape for subsequent proces-

sing.

Creation of LANDSAT County Area Files

"Upon completion of the LANDSAT conversion, the gANDSAT quadrangles encom-
passing a'particu]éf county were merged into a LANDSAT county area file.
The merge process was identical to the merge process for political bound-
aries with one exception. It was not required to create county files since
the summaries could be produced using the political boundary county file

and LANDSAT county area file.

The LANDSAT county area files were copied and permanently stored on com-

puter tape.

Creation. of Statistical Data

The final phase of the Land Use Inventory for the State of Ohio was to

develop tabular summaries of land cover for all townships and counties
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by acreage and percentage, and to develop a file management system to
manipulate the data" This phase required the use of all political boundary
county files and LANDSAT county area files, the OGRE program from the

OCAP system, and the MARK IV information management system.

OGRE Program

.The OGRE program was used to cross tabulate each political boundary file
with its corresponding LANDSAT file. Summaries of acreage and percentage
were produced for each township and county (Table 6). The autput information

was saved and used as input to the MARK IV system.

MARK IV

The MARK IV File Management System, a software product of Informatics,
Inc., provides an efficient and flexible means of manipulating date files,
and includes such capabi]ities‘as automatic file maintenance, retrieval of

specified data, computation, and report preparation.

A file structure for the land cover statistics was defined to MARK IV,
(Figure 16). This definition describes the logical organization of the
different data items along with their type, length and location in the

file.

The statistics from the OGRE program were converted to MARK IV defined
transactions, which were used to generate the data file. The county and

township names were added later through different transactions.

Procedures for extracting, summarizing and formatting the data into dif-
fekent reports were written and stored in the MARK IV system. A user's

manual will describe the various reports, and how to obtain them.
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Ogre Program Output - Land Cover Summary Form
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FIGURE 1s.
LANDSAT STATISTICS FILE:
LOGICAL RECORD FORMAT

COUNTY IDENTIFICATION
CODE . NAME
{
TOWNSHIP IDENT. TOWNSHIP IDENT. TOWNSHIP IDENT.
CODE NAME CODE NAME | cooe NAME
. N | B 1
| | 1 ]
| 1 1
CATEGORY CODE | ACREAGE CATEGORY CODE| ACREAGE
. CATEGORY CODE| ACREAGE
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CHAPTER II-4
VERIFICATION AND EVALUATION OF INVENTORY

Upon completion 6f the Land Use Inventory, a verification program was

ugdertaken to determine the accuracy of cétegorization. Two independent
efforts are reported here. First reported is that of the State, and the
second is an effort by an RPDO (Regiona] Planning and Development Organi-

zation). The RPDO effort was funded by a HUD 701 grant.

Verification System Used by State

Ninety-four quadrangles were chosen on the basis of total or partial
aerial photographic coverage within two years of the date of the LANDSAT
imagery. They were also chosen so that the percentage of quads verified in

each scene was approximately equal to the percentage of quads verified for

" the entirée state (12%). The quads chosen for verification are indicated

in Figure 17, and the percentage per scene in Table 7.

A quad-size mylar grid was prepared to use in determining 10 random points
to be sampled from each map. The grid was comprised of 100 cells each with

a dot at its center.

Numbers from one to ten were randomly selected for the X & Y axes of the
grid to determine which 10 points would be used. The coordinates were
recorded on the "LANDSAT Verificaiton Form" (Figure 18). The procedure

was repeated for each of the selected 94 quads.

Each quad was placed over the mylar grid on a light table, and the rectangle
indicated by the coordinates on the verification form was located, and the

dot in the center was transferred to the quadrangle.
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L . TABLE 7,

Summary of Quads Verified Per Scene

QUADS CHOSEN . PERCENT OF
SCENE NUMBER TOTAL IN SCENE FOR VERIFICATION TOTAL IN SCENE
2190-15410 66 8 12
2189-15352 42 4 10
2439-15195 46 6 13
2439-15204 45 5 11 :
2440-15262 73 10 14
‘ fl
~ 2441-15320 106 17 16 ’
2442-15372 30 4 13
~ 2189-15355 121 18 15
2188-15300 191 22 12 |
2439-15201" 47 -- -
2278-15283! 24 -- - i
’1. Scenes 2278-15283 and 2439-15201 were contained, either in whole or part, on
Tapes 11 and 19 which as previously discussed were not used because of bad or
missing data. 2 - 49
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FIGURE 18.
OHIO LAND USE INVENTORY
VERIFICATION FORM

Tape 12
SCENE 2189-15355 SCENE DATE July 30, 1975
QUAD NAME  Nevada CODE MNJ INTERPRETER Groves & Weber DATE Aptil 13, 1977
,ﬁ CORRECTNESS OF |
AMPLE | COORDINATES | LANDSAT | GROUND TRUTH COMMENTS LANDSAT 1D
o y 1D In YES NO
1 7 4 34 23 1 bare soil/thin vea X
2 2 2 41 41 all forest X
3 2 3 - 22 agri/forest/water X
N b4 4 1 21 22 agri S
' > 3 1 41 41 mestly all agri/a little forest] x
8 6 9 2 12 22 aqri
1 2 vd - 22 ari X
8 10 ¢ A Gl - 1) 22 ri X
9. 9 1 41 41 scrub/agri/forest x
10 6 2 22 22 aqri X

TOTAL CORRECT 8
SOURCE OF GROUND TRUTH: TOTAL INCORRECT 2

IF THE SOURCE IS PHOTOGRAPHY, INDICATE IN ORDER THE FOLLOWING DATA

SOURCE TAKING AGENCY FILM TYPE FLIGHT NO. DATE FRAMES
ODNR B&W 752090202 - |7-28-75 34
4 e - p— 31
32
25
26
9

13
7

7

014

= o ool ~JoNw| 2w no) —

o
|
|
|
|
|

|

|




To make certain that the categorization was being verified, and not the.

accuracy of aligning the quadrangle map and LANDSAT map, three people in-
dependently aligned ten maps and reéorded their points of alignment. The
maximum displacement of the points of alignment became the radius of an are

sirrounding each point.

Each sample point and its corresponding area of displacement was located on
aerial photography, and the land uses within that area were determined.
If the LANDSAT land use matched any of these land uses, it was considered

correct, and indicated on the verification form.

Results of State Verification

The following is a discussion of the verification results by category:
URBAN
Urban areas are difficult to identify when the computer is b]assifying the .
'LANDSAT data. The computer constantly compares the data to the training .
sets mentioned above, and faithfully labels land cover within an urban area
as the land cover which it was trained to identify: agriculture, forest,
rangeland, etc. As seen from the definition of the training sets used in
the urban areas, an attempt was made to pick out training areas in the
central business and industrial (Core), Residential and Suburban/Agricul-
ture areas with the idea that each of these areas would have a unique spec-
tral response just as Forests, Barren, and the others. By looking at
Table 8,‘we find category 11 (Urban, Core), was indeed identifiable as a
‘séparate land cover, as - to a lesser extent - was category 12 (Urban,'

Residential). However, some urban areas and some agricultural areas are
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TABLE 8.

N LAND USE/LAND COVER CATEGORIES AND CODES *
CATEGORIES
LEVEL 1 *x% LEVEL 11 #*%
Urban 01
Core
Residential
Suburgan/Agriculture
Agriculture 02

Vigorous Growth
Medium~-Sparse Growth
Bare Fields

Pasture

Rangeland .
Reclaimed/Urban
Scrub & Brush
Herbaceous
Grass—tended

i Forest
- Mixed

Water
Turbid
Clear

Wetland
) Non-Forested
Forested

Barren
' Settling Pond
Beaches
Mines,Quarries & Gravel Pits
Stripped/Bare
Stripped/Urban

Unidentified

* See definitions Appendix I
** Level I categories are very general
Level II categories are subdivisions of
Level I categories and are more specific.

03

04

05

06

07

CODES

011
012
013

021
022
023
024

031
032
033
034

041

051
052

061
062

071
072
073
074
075

e e i e S S

A e - i i S . <o vl AT e o S,
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TABLE 9

DISTRIBUTION OF INCORRECT CLASSIFICATIONS

LAND USE/COVER % INCORRECT
1. Urban
11 Core 6 100
12 Residential 16 75 25
13 Suburban/Agriculture 61 5. 13 35
2. Agriculture
21 Vigorous Growth 11 29 57 14
22 Medium-Sparse Growth 15 45 25
23 Bare Fields 18 50 50
24 Pasture 13 100
3 Rangeland !
31 Reclaimed/Urban 38 67 11 | i
32 Scrub & Brush 32 72 6
33 Herbaceous 33 100
34 Grass-tended o 69 88 4
i"’v,. Forest : :
41 Mixed 5 91 9
5.  Water 0
6, Wetland 100 100
7. Barren
73 Mines,Quarries &
Pits 0
74 Stripped/Bare 100 50
75 Stripped/Urban 13 100
Unidentified
NOTE: The 7 incorrect column indicates the percentage of points that
were misclassified for the indicated Level II land cover. The next

. seven columns indicate the percentage of each category which contributed
to the incorrect classifications, e.g., of the points identified as Grass-
Tended Rangeland, 69% were not. Of that 69%, 8% of the points were
actually Urban, 887 were Agriculture and the remaining 47% were Barren.

s,
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not identifiable as separate categories, and are combined to make category

13 (Urban, Suburban/Agriculture).

The important question, therefore, is whether the Urban category can be
used with any accurdcy. Utilization of the Urban category depends upon
the specific purpose of use. LANDSAT is not the answer for determining muni-

cipal 1imits. LANDSAT will, however, give jnformation about land cover

- without regard to man-imposed political boundaries or urban definitions. In

summer, LANDSAT will show Forest where we know there is a residential:

area because it cannot fsee” through the lush foliage of the neighborhood

trees, particularly in older, established residential areas. In newer'

areas of residential development, where newly-planted trees are not yet

well established and do not form a broad canopy, LANDSAT may indeed detect ;

the "urban" area.

Fufther jnvestigation into the usefulness of LANDSAT in urban areas, as

well as the implications of present data, are necessary but beyond the

scope of this study. As far as the data presented in this inventory, the
term "Urban" should be taken to mean orily that area of land which is covered
by a concentration of steel or concrete, such as central business districts
(Urban Core), built-up industrial areas, and airfields with hard surface
runways. The one exception to this general rule is residential areas within
metropolitan areas, which tend to show up as "Urban" even though there may
not‘be a large concentration of steel or concrete. This includes both the
Urban (Residential) and Urban (Suburban/Agriculture) categories. Occasion-
ally, quarries or strip mines will be identified as Urban, but should cause
no great confusion since these areas are normally isolated from urban areas,

and can be assumed to belong to the Barren category.
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AGRICULTURE

According to Table 10, the identification of agricultural areas is 85%
correct. As suggested’by the category definitions and Table 12, the major-
ity of agriculture identified by LANDSAT is either vigorous growth or med-
ium to sparse growth of vegetation containing chlorophyll. As seen in Table
12 when the compqter misidentified land covers as Agriculture, the two cate-
gories misidentified were Rangeland and Forest. In both of these cate-
gories there is also vigorous and medium to sparse growth with varying
amounts of chlorophyll content, as in the Agriculture category Confus1on
between these three categor1es s, therefore, to be expected, although one
would expect to find that only very young, low-growing and sparse areas

of forest would be misclassified as Agriculture. It is a]so for purposes
of this 1nventory, fortunate that Agr1cu1ture is the largest single land use
in Ohio, because it is one of the most accurately identified categories, .
exceeded only by the Forest category at 95%, which itself is the second

largest land cover in Ohio.

RANGELAND

Rangeland, the tables indicate, is only correctly identified 60% of the time.

The tables also show that the other 40% of the time, LANDSAT m{sidentifies
Agriculture as Range]and. This agrees with the discussion of Agriculture,
where it was pointed out that vigorous to sparse vegetation with varying
amounts of chlorophyll could include shrub, brush, and grasses, as well

as agricultural crops.

FOREST
According to the tables, the Forest category is the most accurately identi-

fied at 95% accuracy. This should not be surprising since forested areas

2 -55
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Present a large and uniform area to the eye of LANDSAT. Any other land
cover will sharply contrast with forest cover. The only exception is very
vigorous and dense agricultural growth, which accounts for 91% of the 5%

misclassification of the Forest category.

. WATER
Although only eight points were randomly selected which LANDSAT identi-
fied as water, (they were all identified correctly), personal obser&ations
and other studies have proven the accuracy of the water category. There are,
however, several considerations to be made. The most impartant is that many
rivers, particularly the-more narrow, will not be identified simpiy because
they aré covered by tree canopy, and therefore identified as Forest. A

second consideration is that water is 1dent1f1ed as Water whether it is

.found in a river, lake, quarry, construct1on site .after a heavy rain, in

the streets, on top of large industrial buildings, or wherever it collects
to cover a large area. This aspect should be considered particularly if

d surface water inventory is compiled from these data. One further consid-
erat1on should be made, although it will not affect the statistics conta1ned
in this report. Should the occasion arise where the land use of an area is

needed by quadrangle sheet rather than by township or county, all water which

" is shown on the quad will be included in the statistics. This means that

quadrangles which include portions of Lake Erie or the Ohio River will re-
f]ect that water area in the statistics. For example, the statistics for _
the Cleveland North quadrangle will show that approximately 80% of the land

cover is water (because that much of the quad is in Lake Erie). This would

be misleading if one were interested only in the amount of inland surface
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CATEGORY
Urban
Adricu]ture
Rénge]and
Fdrest |
Barren
Water

Wetland

Totals

Note:

TABLE 10
SUMMARY OF VERIFICATION RESULTS

' : PERCENT OF ACTUAL STATEWIDE
TOTAL NUMBER PERCENT ALL POINTS DISTRIBUTION
POINTS CORRECT CORRECT SAMPLED OF CATEGORIES
80 52 65 9 5.1
417 354 85 44 48.7
192 15 - 60 21 14.9
227 216 95 | 24 | 28.6
13 | 8 62 3 1 | " 0.6
8 8 100 1 0.9
1 0 0 0 0.0
938 753 80 (AT 100 98.8
Points) Unidentified 1.2
: 100.00

The statistics shown in this table represent the accuracy of the
computer- classification when compared with the known land cover
type. The system for verification is discussed in Schaal (1977).
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water, which is included in the 80%. Again, this is not the case for county

and township statistics, where the land-water boundary was clearly defined

to the computer.

WETLAND
Of the total area, Wetlands are not a significant Tand use in Ohio, and
where they occur, are identified variously as Agricu]ture, Rangeland,
Forest and Water, depending upon how wet they are, and how much vegetation

is present.

BARREN

As with Water, the number of randomly - selected points identified by the
computer as Barren is small (thirteen). Still, the implications of Table
12 are valid. This table shows that, when land covers were incorrectly -
identified as Barren, the land covers were actually Urban or Agriculture.
The definition for Barren, Stripped/Urban explains the confusion with

urban areas. Agricultural areas, although covered by crops on the aerial
photography used for verification, may well have been barren, and in pre-

paration for planting at the time of the LANDSAT imagery.

Verification System Used by User RPDO]

A project team was selected from the area planning agencies (subcontract-
Brs), and an informational meeting was held which included a description
of how aﬁd why the inventory was developed, a brief description of the Ben-
dix/M-DAS system, the current status of the OSWLUI, and specific work
elements within the DECD/OSWLUI Contract. While each of the participants

~ had a strong "land use" background, they were urged, for the purposes of




P this study, to develop a "land cover" sense as well. Following this
same theme, the spectral characteristics of land cover phenomena were
discussed. Although new concepts and terms of land data acquisition were

introduced, the participants remained open and enthusiastic.

Discussion with NASA's Land Cover Analysis, Earth Resources Branch at
Goddard Space Flight Center, concerning the study produced the following
guidelines in developing approaches to verification and use of OSWLUI:

1. Make initial comparison of LANDSAT data and conventional aerial
photography because both techniques rely on the same media
(observable photograpy);

2. Do not try for an overall land use/cover classification scheme.
Rather, focus on topical studies geared to agency problems and

.. Nheeds, such as urban boundary change detection;

3.1 Look for synoptic views not specific details; and

4. Note areas of urban vegetation coverage as related to the
age of housing be type/density.

A major thrust of any verification selected for this study was that it had
to require a minimal amount of staff training, it must utilize existing

materials and equipment, and it must produce the necessary information for
establishing the data's relative reliability within the limited time frame

and dollars of the contract. Given these limitations, it was not possible

T RPDO Regional Planning and Development Organization.

2 Acronym for Ohio State Wide Land Use Inventory.
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to analyze the entire NEFCO Region (2,049 sq. mi.). Therefore, a metho--

dology was developed which would still fulfill the goals and objectives

of this study.

In addition, there wasn't sufficient time available to test

" the verification methodology. Thus, any modifications of the methodology

were developed and utilized while the testing'was taking place.

At the next meeting, the verification methodology was presented by NEFCO

and adopted by the project team. It consists of the fo]]owingE (Fig. 19)

1. Initial Overlay Procedure

A. For each sample (test) area, following materials provided:

1)
2)
3)
4)
5)
6)
7)

1?:2000‘ Grid Overlay

]f:2000' U.S.G.S. Overlay

1":2000' OSWLUI Computer Map

1":1000" Grid Overlay .

1":1000' Air Photos

Computer Classification/Photo Interpretation Sheet*

Sample Area Reliability Sheet

B. To insure proper registration of the base materials, NEFCO

pin registered the 1":2000' grid overlay and the U.S.G.S.

overlay to the OSWLUI computer map. Because a geometric

correction was not performed in any of the 1":2000' computer

maps (although it was done on each LANDSAT scene), the

U.S.G.S. overlays were registered to the OSWLUI output

by matching large bddies of water or stands of vegetation

on each of the maps. Tﬁis technique was somewhat time

*Note: Originally, there was a separate sheet for computer classification
‘ and for photo interpretation. These were later deemed unnecessary
and were dropped.
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PIN REGISTER:
1:2000 'USGS
1:2000 GRID
1:2000 OSWLUI

&

OVERLAY GRID &
USGS TO OSWLUI

Figure 19,

.COMPUTER MAP

SELECT SAMPLE
AREAS

72
ASCERTAIN EXACT
LOCATION OF SEL-~

REGISTER CLEAR

ECTED SQ. MI. ON -y 1:1000 GRID

USGS & 1:1000 OVERLAY TO

AIR PHOTO AIR PHOTO
o

PHOTO INTERPRET
SELECTED SQ. MI.

& CODE RESULTS ON
TO PIXEL MISCLAS-
SIFICATION SHEET

=

CODE COMPUTER
MAPPED DATA
ONTO PIXEL MIS-
CLASSIFICATION
SHEET

e

NOTE FREQUENCY
OF PIXEL

MISCLASSIFICATIONS

‘5

EST. RELIABILITY
LEVEL FOR EACH
LAND COVER &
EACH SAMPLE

AREA

EST. RELIABILITY
LEVEL FOR EACH

OSWLU! VERIFICATION METHODOLOGY FLOW CHART

LANDSAT SCENE,
EACH COUNTY, &

FOR THE REGION
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consuming, and a percentage of error was possible. For
example, certain quadrangles tﬁat were primarily agricul-
tural lacked large forest stands or water bodies. In

these cases, registration was based op.what little forest

or water areas were present, and any significant urban
features that were ev1den£—k;uégﬁas an interstate highway).
For this. f1rst phase, NEFCO selected the areas to be sam-
pled using a random selection method. Sample areas are ap-
proximately a square mile in size and are located throughout
the region. By picking the sample sites randomly, selection
bias will be limited; and since the sample areas are distri-
buted throughout the subcbﬁtractors' area, it was hoped that
the full range of spectral variations for a land cover type
would be tested and, therefore, a stratified sample would be
obtained. While the sample sites were originally picked
totally at random, as the study progressed, it was noted that
too often these sites were located over two, three or more
photographs. It was decided that too much distortion would
be present on the photographs, and that the reliability
Tevels produced would not -be correct. Therefore, sample sites
were later p1cked according to their spatial location w1th1n
the f11ght line of each photo. The attempt here was =

to locate a sample site wholly on one photo. This

revised selection method was still random in that

the spatial Tocation of the photps themselves deter-

mined whether or not a particular site could be

chosen, not the Interpreter.
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Using the overlays and maps, NEFCO ascertained the
exact location of the selected square mile sample on the
1":1000' air photos. These photos were flown by the
Ohio Deaprtment of Transportation during April of 1975.
While +t would be best to obtain high altitude air-
craft photography for a LANDSAT scene which is the same
date as the satellite data, in order for the two sour-
ces to be the most similar spectrally, it was not
readily available for the NEFCO Region. This fact did
not present any insurmountable problems in continuing
with the verification methodology as it was originally |
designed.

The next step was to register the clear 1":1000' grid
overlay to the air'photd. This was accomplished by
first ovér]aying the 1?:2000' grid and the U.S.G.S.
oVer]ays together and locating the sample area. Then
three points were chosen. Neif?‘%he 1":1000' grid was
Placed over the photo in such a way that the three
selected points were in the same cells as on the preced-

ing grid.

11. Sampling Procedure

A.

After locating the square mile to be tested on the aerial
photo, this area was photo-interpreted onto the pixel |
classification sheet (Figure 20), using the categories
listed below.

After Step A was completed, the computer mapped data for

the same square mile was coded onto the same classification
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~ sheet. To aid in classifying the individual pixels

into the State's categories, a detailed description of
each land cover type was included in the sampling pack-
age. Bendix processed the LANDSAT imagery, and the des-
criptions were provided by them. (See Abpendix A).

The results of the two classification modes were compared,
and any differences were noted. The attempt here was not
only to note the number of pixels that were misclassified,
but to try to detect a consistent computer classification
error, for example, Rangeland and Agriculture. Later in
this report, the highest occurring misc]assificétions and
correct classifications will be presented and analyzed.
From the above sheet, a reliability level (below) was esta-
blished for each land cover type correctly classified; and
aniovera11 accuracy level for each square mile sample was
determined. For example; see chart shown on the following

page.
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_ FIGURE20--PIXEL CLASSIFICATION SHEET
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. TOTAL

LEVEL 1 CORRECTLY TOTAL RELIABILITY
CATEGORIES CLASSIFIED PRESENT LEVEL

Urban 50 : 75 67%
Agricultural . 145 : 200 : 73%
Rangeland 25 50 50%
Forest 135 151 89%
Water 45 50 90%
Barren 10 20 50%
Wetland _0 _0 _0%
Total Pixels 410 546 75%

Total Correctly Classified Pixels = ___ % Reliability Level

Total Pixels

OR

4+

10 _ ..
546 = /5%

(8]

When developing the methodology for verifying the OSWLUI, NEFCO placed

emphasis on utilizing materials and equipment that most planning (or related)

agencies already possessed. While ;here is equipment (such as' the Zoom
Trans-fer Scope) on the market which may have enabled NEFCO to sample more
areas at a quicker rate, it was agreed that the added expense of said

equipment would not have been cost-effective.

NEFCO already possessed 1?:1000', 1975 air photos from ODOT for the region,
and felt that they were most adequate for determining the OSWLUI's reli- °
ability. The pixel-grid verification strategy has been utilized success-

- fully in the pastf .. ; often the "test site" size is a function of the
scale of the photography being used as ground truth. In NEFCO's case, the
1":1000' photography permitted an exact pixel-by-pixel test procedure,

for those square mile sample areas. In other areas of the State, the

scale of the photography may necessitate using a much larger individual

*Erb, R.B., The ERTS--1 Investigation (ER600). Volume 5: ERTS--1 Urban
Land Use Analysis. Houston, Texas: Lyndon B. Johnson Space Center, NASA
November, 1974, 121 pp.
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"cell" size for testing than NEFCO used. This will include a group of pixels

rather than ore. ' ‘

The same procedure that NEFCO used (Figure 19) can be followed, however,
by the analyst to aséertain the exact location of the test site on the
aerial photography and the computer map will be different from what NEFCO
used. If a different grid size is developed, it is important that °

it not become so large that too much data is invo]ved for the verification

to be possible or accurate.

This methodology requires a minimal amount of training, and the only
experience necessary is some photo interpretive ability (although this

can be easily acquired). Once the photo interpretation of the selected
sample area is complete, the balance of the work can be finished by a support

member of.the staff, thereby freeing the professional for other duties.

It is assumed that any other agency that may verify OSWLUI for its area
will have up-to-date aerial photography in its office. It is important
to have aerial photography whose date is as close to the LANDSAT scene date
as possible in order to have accurate'ground truth. An a]fernative to this
is field checking, although this is a very expensive endeavor when large

areas are involved.
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Results of RPDO Verification

An evaluation of the data in the OSWLUI system in the NEFCO study reveals
its potential value for using and improving the interpretation capability
and mapping accuracy of LANDSAT satellite multispectral data. Preiiminary
‘results illustrate that some of the land use/cover patFerns in the NEFCO
Region have been spectrally separated from a very complex urbanizing envir-
onment. Until recently, land cover/use pattern recognition from field

work and/or aerial photography has been accomplished mainly by manual,
qualitative planning techniques. The introduction of automated approaches
(such as OSWLUI via OCAP) has predominantly exploited the statistical nature
and two-dimensional shape characteristics of LANDSAT photographic tone
patterns. Such things have been useful in the military, forestry, agri-
culture, and other disciplines where photographic tohe patterns are directly
re]ated to ground surface patterns of interest. Presently, for a given
planning related problem, however, qualitative information is manually derived
mainly from planning inferences drawn from pattern analysis of traditional
cartographic materials, and only secondarily from tone (LANDSAT) inferences.

With this.in mind, the following results of the NEFCO study are presented:

Reliability Results for the NEFCO Region

The following results, we feel, accurately ref]gct the relative reliability
of the OSWLUI for this region. The following were considered 1imfting
factors in the analysis of the results:

1. fhe degree of distortion on the photographs used for

ground truth (not considered to be high);
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2. The date of the ground truth vs LANDSAT scene;
3. The proper registration of the OSWLUI computer
map (see Verification section);
4. Environmental factors -- discussed later in this
section.
‘While each of the above factors played some part in determining how
reliable a sample area may be, except for the last, none were expected to

significantly affect an are.

TABLE 11
OVERALL RELIABILITY FOR THE

NEFCO REGION

Total
Correctly Total
- Classified Present Reliability

Urban 1,979 8,832 . 22%
Agricultural 20,816 33,195 63%
Rangeland 2,685 13,391 20%
Forest 8,884 15,796 56%
Hater 278 : 679 a41%
Barren 76 594 13%
Wetland 0 27 _0%
TOTAL 34,718 72,514 48%

As Table 11 shows, the overall reliability level for the region is 48
percent. While this may be considered Tow, it should bg noted that most
verification studies deal with a much sma]]ér scale of ground truth than

was used by NEFCO. Few studies have based the reliability levels on a pixel-
by-pixel verification methodology. Most test sites are an aggregate of

different pixels, and the dominant land cover is selected to represent the

2 - 69

: s . i ki et £ PR it T e I SN S RN N L T S, A P YRR SR ¢
G e et 1 R it et i M

Rk




{ant IR

test site. This, we feel, cannot be as accurate as a verification metho-
dology which tests each pixel within a sample area "...it is expected that
values for correct identification below 50 percent will be very common in
complex environments."l In total, 133 samples areas were tested (Figure 4).
This represents apbroximate]y 6 percent of the Region. The low reliability
in the urban category is not uncommon, but even if it were to be dropped from
consideration, the overall accuracy would on]y be improved to 51 percent.
Therefore, there are other land cover types which are contributing to the

low reliability levels. Chief among these is Rangeland. In fact, Rangeland
reéeived the lowest re]iabi]ity_score of any cover type. Part of the reason
for this is the definitional question of what constitutes "rangeland" in -
this part of the country. The photo-interpreter has no guidelines, for
example, of what percentage crown cover constitutes Forest and when it is
Rangeland. As wi1i be noted in the next §ection, RangeTand is often misclassi-
fied with Agriculture., This may indicat§ the need for additional training
sites or that a similar spectral response is being received for Pasture as

for Rangeland.

Similarly, Agricuiture was being misclassified with Rangeland and may-have
brought down its accuracy. However, it remained overall the most reli-

able land cover type, and oftén scored very high in rural areas. The remain-
ing cover type that was commonly misclassified with it was Forest. One
explanation here may be that Agriculture had such a dense amount of vegetation

that it would spectrally resemble Forest. This was not expected, however.

T Lintz, Jr., Joseph and David S. Simonette. Remote Sensihg of the Envir-

onment. Reading, Mass.: Addison-Wesley Publishing Company, Inc. 1976,

p. 453.
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Forest and Adriculture, were usually the two highest scoring cover types.
On some sample areas, the forested land cover response was quite accurately
measured. On others it was not. This may be due to

“the large amount of spectral variability within a deciduous

forest -area (e.g., sunlit versus shaded sides of tree crowns

being classified into different spectral categories). It is

this spectral variability within a deciduous forest area which

gives the forest its textural characteristics (thereby making a

forest area easily identified and delineated by the human

interpreter) but which also makes accurate classification of

indivigual small resolution elements by computer quite diffi-
cult."

Water usually received a high reliability score when it was a major com-
ponent of the landscape, such as a reservoir. The low reliability in
interpreting water may be attributed to the fact that the “"spectral response
of water surfaces could vary greatly because of variétions in sun angle or
in levels of turbidity.f3 Again, insufficient training sites for ponds

and lakes vs reservoirs may also be the case.

The most significant problem that the computer had with barren land
cover is that it had trouble with the "Lime Lakes" south of Akron. These
?1akesf are large expanses of industrial wastes. If a construction area
was large enough, i.e., as in the case of-a large subdivision, it was

correctly classified.

Wetland was difficult to discern on the aerial photography, and rarely

was classified by the computer. Therefore, it is only briefly treated here.

¢Coggeshall, M.E., R. M. Hoffer and J. S. Berkebil. A Comparison Betwgen
Digitized Color Infrared Photography and Multispectral Scanqer Data Using
ADP Techniques. Laboratory for Applications of Remote Sensing (LARS).

Information Note #033174. Purdue Univ., West Lafayette, Ind., p. 2.
3Erb, R. B., The ERTS--1 Investigation (ER 600). Volume 7: ERTS-1 Urban Land

Use Analysis. Houston, Texas: Lyndon B. Johnson Space Center, NASA Nov.,
1974, 12T pp.
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Analysis of Pixel Misclassification

As a special part of the reliability study, 51 individual sample areas
were selected for an analysis of pixels which are computer misclassified.
They were then classified as urban, suburban or rural on the basis of

the amount of land cover present on the photograph. The actual number of
test sites per-urban, suburban, or rural "regions" for this analysis is
proportional‘to the percentage found in the region. For example, in

this test case, 71 percent of the samples are rural; in the NEFCO Region,
77 percent of the land mass is considered rural. While a stratified sam-
ple was also considered, when doing the testing, it was determined tﬁat

the relative percentages of misclassifications did not change significantly
whether there were the same number of sites per "region" or not. The areas

used for the analysis are identified in Appendix B.

Within the 27,846 pixels contained on the 51 photographs, 14,149 (or 5]
bercent) were misclassified. Table 12 indicates that the majority of
problems are associated with Agriculture, Rangleland and Forest. For this
sample as a whole, these categories are misclassified about 30 percent of
the time. The highest individual percentage of misclassification occurs
with urban areas where almost 60 percent of the pixels which are classified
as Rangeland are phbto interpreted as Urban. Review of the photographs .,
indicates that these pixles are Urban from a functionaf and/of Tocational
aSpect, but from a land cover point of view, are often a very low densjty

and/or non-developed in nature.

More common to the overall NEFCO Region's suburban and rural areas,

are the misclassifications in the Agriculture, Rangeland and Forest categories
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COMPUTER CLASS|FIED

URBAN CULTURE
# )

20
33

23

R 57
94
36

F 12
39

20
W 55
91
69

16
B 26

62
© 31

X 6
52

*
No pixels were classified as wetland in the
above sample, consequently, it was not included

+

TABLE 12

SAMPLE AREA PIXEL MISCLASSIFICATION, NEFCO REGION
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with relatively few problems in the categories of water, barren, or un-

identified.

Agriculture

Table 12 illustrates that land cover is many times computer c]éssified
as Agriculture, while it is photo interpreted as Urban, Rangeland and

Fofest. The most significant problems are associated with Rural areas,
whe»e almost 50 percent of the time, computer-classified Agriculture is
phbto interpreted as Rangeland. In suburban types of environments, the

problem of Rangleland misclassification appears to be much less (34 percent).

Rangeland

Table 12 shows that computer-classified Rangeland is actually much of the
time land cover types involving urban and agriculture land uses. In rural
areas of the NEFCO Region,beer 75 percent of the computeh¥c1assified range-

land was interpreted as being in agricultural production.

Forest
Table 12 points out that, in many cases, computer-classified forest land
cover is photo interpreted by planners as Agriculture and Rangeland. The
'misc1assification of Agriculture and Rangeland as Forest is most pronounced
in rural areas (70 percent) but is still fairly significant in suburban
areas (47 percent). Within urban areas, computer classified Forest cover

is interpreted as Rangeland for 56 percent of the misclassified pixels.
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Analysis by LANDSAT Scene

The NEFCO region is covered by three LANDSAT scenes. As a minor part of
this report, an analysis was done of the relative benfits of one LANDSAT
scene vs another. The majority of the region is covered by the July scenes.
July scenes are often chosen for crop-type discrimination, but one draw-
back is that the tree-cover will often hide older residential neighborhoods.
from the sensor, and incorrect responses will result. If an April scene

is chosen, the user does not have the above problem, but crop types will
naturally not be discernable and deciduous (leafless) trees will not be as

spectrally obvious as in the summer months.

What is imp]iéd here, then, are the merits of temporal categorization of
LANDSAT data. ATthough scene selection is primarily a function of the
percent of cloud cover over the area in question, it has been proven

that, if temporal LANDSAT data is available, reliability levels will
benefit. Table 13 shows that there is Tittle difference in the re]%abi]ity

levels between the April ‘and July scenes.

The October scene's accuracy levels superficially appear to clearly be

the least reliable of the three. However, this scene was over middle and

upper Summit County, which is urban/suburban, and has the highest topo-

* graphic changes in the region. It also was one of the hardest cloud-free

scenes to obtain due in part to the pollution from the Cleveland area (indeed,
recently a new LANDSAT scene for this area was chosen which may yield better

results).
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TABLE 13

OSWLUI RELIABILITY BY LANDSAT SCENE

TOTAL CORRECT TOTAL PRESENT RELIABILITY
October
2,491 7,644 33%
' Apri1
4,970 9,828 51%
July
27,257 55,042 50%
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CHAPTER II-5
CONCLUSIONS AND RECOMMENDATIONS

Conclusions

The -results of the land use inventorying effort iﬁ this contract have
brought this state significantly closer to the goal originally set for
this program. At this point in time the state has the ability to convert
processed land use information derived from LANDSAT satellites into OCAP
format data files. These files may be manipulated to provide tailored
land use information to a user in very economical fashion. The data base,
being computerized in a system with many editing, merging and other file

management tools, is a flexible and easily updatable system.

The experience learned in putting this system together will be very valuable
and tiﬁe saving for the next generation inventory;‘ The inventory is in a
format becoming increasingly accepted by State and RegionaT personnef and
this factor is important to the effectiveness of an operational infor-
mation system. Finally, the state now has a current, uniformly derived

statewide land use inventory.

It has also become obvious that the methodology used in this work does
not ﬁrovide an operational land use inventory at the re]iabiiity Tevel
sought in the original goals. More effort must be made to improve the
inventory based on machine processing of LANDSAT data. This was not a
sUrprising result and in anticipation of this, other sections of this con-

tract were devoted to pursuing methods to provide increased accuracy
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through a hybrid system of methodology. These additional data processing
methods would, in the final results, be made compatible with input require-

ments of the data base management system, which in this case is OCAP.

The system to provide land use/land cover information to users in the state'
is an excellent vehicle to operationalize an information system using
LANDSAT data. The land use inventory is excellent because there exists

an immediate need for land use information by state and regional organi-
zations. A1l people do not use or need land use information; however, to
obtain land use most of the generally used processing methodology for other
types of information are exercised. Thus redirecting the system to pro-
duce other information types is reiativé]y easy one the more generally and

more widely used land use/land cover information system is in place.

Recommendations

f Evaluate the present inventory thoroughly with emphasis in
two areas: 1) to provide reliability factors and utilize
recommendations to users; and 2) to provide information for
the improvement of future inventorying programs.

* institute a long term program (five years) to operationalize
é'geo referenced information system to address the information
needs of HUD 701 Comprehensive Planning, EPA 208 and Coastal
Zone Management. Such‘a program would yield better knowledge
of the application of the tgchno]ogy in the environment of
state government which is more attuned to operational programs.
providing services and not programs requiring the flexibility

- of the research environment.
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* Study and develop practical techniques and methodoiogies
to build hybrid operational inventorying system utilizing
LANDSAT data and aircraft data'with both being interpreted
manually and by machine processes.

* Study methodologies to improve the machine categorization

of land use/land cover information.

Cost Per Square Mile

The cost per square mile for political boundary digitizing, and file gene-
ration and report generating software - $1.00. The cost per square mile
for categorization, Processing and production of the digital file tapes
was approximately $0.90 per square mile. Total cost per square mile is

$1.90.
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APPENDIX
DEVELOPING A STATEWIDE APPROACH TO TRAINING

Early in the pregram, the idea of involving the end user in the training
portion of the automatic categorication process-seemed attractive, for
the following reasons:
1. Fulfiliment of the need for personnel to develop
| training fnformation without expanding state staffing,
and '
2. To involve the potential end user in the product

generation.

Several ideas were considered in arriving at the Tutorial Training
Package. However, due to a limited amount of time and money, this simple

approach was used.

The Tutorial Training Package

The Tutorial Training Package was sent to a number of Regional Planning
and Development Organization Offices. The RPDO's were selected because
of the more probable usefulness of the inventory at the regional level,
and because the RPDO's were more 1ikely to have the required staff. A

few RPDO's such as the Ohio Kentucky.Indiana (OKI) RPDO's had already

-experienced the use of LANDSAT data, and the automatic categorizétion.

process.

Atthough the method was not fully developed, two RP0O's sent significant

information back - OKI and the Northeast Four County Organization (NEFCO).

This information was used by Bendix to assist training the processor.
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The Ohio Statewide Land Use Inventory Tutorial Training Package contents

are shown in Figure 1.

The Trainer Tutorial Manual gives a description.of the LANDSAT program,

the categorization process and the importance and characteristics of train-
ing information. The Manual is an effort to standardize the thinking about
Land Use in relation to LANDSAT processing, and then to teach the trainer
in a step by step fashion how to select a good training area and how to
document each area for later use by the processor. By reading the manual
and using the How To Train section reproduced here, the local agency pro-
duced the requested training information and returned it to the Stﬁte for

use in processing the LANDSAT Data.

Please note the several forms and aids thqt were developed to facilitate_

tﬁe work.
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Figure 1.

OHIO STATEWIDE LAND USE INVENTORY
TUTORIAL TRAINING PACKAGE

Contents of Package:

One Set - LANDSAT SCENE IMAGERY One Positive Print Band 5

(Scene of Interest)
- 1:1 000 000 One Positive Print Band 7

One - USGS 1:1 000 000 Scale Topographic Index
Sheet

One - Landsat/Topo Index Overlay (Scene of Interest)

One Pad - Training Area Forms

Three - Land Use Landcover Listings

One - Trainer Tutorial Manual

User Provided Items:
USGS 7.5 Minute Quads

Aerial Photographs as Needed
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HOW TO TRAIN
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Ohio Statewide Lard Use Inventory
Procedure for Training Area Selection and Documentation

LANDSAT Scene ID -

STEP ONE

STEP TWO

STEP THREE

STEP FOUR

STEP FIVE

STEP SIX

STEP SEVEN

Track Scene Date /__/

Use an Ohio Statewide Land Use Inventory Land Use Landcover
Listing to Tist the Tand cover types in your area of scene
which make up each land use Level 1 category. Refer to
Tutorial Training Manual, section on land use categori-
zation. (Pay particular attention to "spectrally different"
land cover types.)

For each land cover type, listed in step one, locate an
area of land that is highly representative of this land
cover type and is large enough to contain at least thirty
(30) pixels.

Using the Index to Topegraphic Maps of Ohio and the Ohio
Statewide Land Use Inventory LANDSAT/Topo_Index Overlay

for the LANDSAT scene listed in the heading of this proce-
dure, find the 7.5 minute quadrangle for the training area
chosen in Step Two. Outline the training area on the quad
in earasable marking (pencil, etc.) if desired. Please
use four sided figure if possible to outline area.

Using the Ohio Statewide Land Use Inventory Training Area
Form, trace the outline of the training area onto the form
use masking tape to hold form on topo sheet). Also, add
a few other features such as road intersection, section

lines, etc., to establish location of training area.
(Light table helpful).

Fi11 in information on the Ohio Statewide Land Use Inven-
tory Training Area Form, including the UTM coordinates
nearest the training area. Record any special comments
you may have about the training area.

To fill in blank "NW Corner Location of CCT Data", plot
the location of the training area on the LANDSAT Topo
Index Overlay by placing the overlay on the topo index
sheet and approximating the location of the training area
within the approprate 7-1/2 minute quad. Next, overlay
the LANDSAT Data Locator Grid onto the LANDSAT/Topo index
overlay and read the strip, sample and line numbers of the
nearest NW Grid intersection to the training area
Tocation. Write these numbers into the proper blanks on
the training area form. :

Print your name and organization on the completed form.
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STEP EIGHT

When a1l land cover training areas are complete, make
copies for your files and send the originals to:

ODECD

?. 0. Box 1001
Columbus, Ohio 43216

Please send originals of:

* Land use land cover listing forms

* Training area forms

*  LANDSAT/Topo index overlay

Ty

o K e T T T Sy ap—

(copies tend to become distorted in the copying
process).




U.S. GEOLOGICAL SURVEY
LAND USE AND LAND COVER CLASSIFICATION SYSTEM FOR
USE WITH REMOTE SENSOR DATA

LEVEL I LEVEL II
1 Urban or Built-up Land 11 Residential

12 Commercial and Services
13 Industrial

2 Agricultural Land 21 Cropland and Pasture
22 Orchards, Groves, Vineyards,
Nurseries, and Ornamental
Horticultural Areas
23 Confined Feeding Operations
24 Other Agricultural Land

3 Rangeland . 31 Herbaceous Rangeland
32 Shrub and Brush Rangeland
33 Mixed Rangeland

HESN I VR

4 Forest Land 41 Deciduous Forest Land
. 42 Evergreen Forest Land
43 Mixed Forest Land

5 'Water Water
6 Wetland 62 Nonforested Wetland
7 Barren Land 72 Beaches

73 Sandy Areas Other than Beaches

74 Bare Exposed Rock

75 Stip Mines, Quarries, and
Gravel Pits

3
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OHIO STATEWIDE LAND USE INVENTORY
LAND USE LANDCOVER LISTING

LANDSAT SCENE ID 82188 - 15300 TRACK 2 SCENE 2

;

MAIL TO: OHIO DEPARTMENT OF EéONOMIC AND

COMMUNITY DEVELOPMENT
P.0. BOX 1001, COLUMBUS, OHIO 43216
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OHIC STATEWIDE LAMD USE INVENTORY MAIL TO: OHIO DEPARTMENT OF ECONOMIC AND
TRAINING AREA FORM ' COMMUNITY DEVELOPMENT
P.0.BOX 1001, COLUMBUS, OHIO 43216

‘.. LANDSAT SCENE ID . TRACK___SCENE ____ DATE___/

[

LAND USE CLASS (LEVEL) LANDCOVER
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4 A Al m——— !
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U.S. GEOLOGICAL SURVEY
LAND USE AND LAND COVER CLASSIFICATION SYSTEM FOR
USE WITH REMOTE SENSOR DATA

LEVEL I , LEVEL II

Urban or Built-up Land 11 Residential

12 Commercial and Services
13 Industrial

Agricultural Land .21 Cropland and Pasture
22 Orchards, Groves, Vineyards,
Nurseries, and Ornamental
Horticultural Areas
23 Confined Feeding Operations
24 Other Agricultural Land

Rangeland . 31 Herbaceous Rangeland
32 Shrub and Brush Rangeland
33 Mixed Rangeland

Forest Land 41 Deciduous Forest Land
42 Evergreen Forest Land
43 Mixed Forest Land

Water Water
Wetland 62 Nonforested Wetland
Barren Land 72 Beaches

73 Sandy Areas Other than Beaches

74 Bare Exposed Rock

75 Strip Mines, Quarries, -and Gravel
Pits
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