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EXECUTIVE SUMMARY 

OVERVIEW 

This four volume document constitutes the final report of the deve­

lopment of a multidisciplinary Earth Resources Technology Satellite (ERTS) 

user program in the State of Ohio. The three original objectives of this 

program were to: Perform research into new applications of satellite 

imagery for everyday 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 

.~ 
11'-'.-""" 

,o,~~.~_~._.~~_ .... 
I.e' • 

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 conve'rt processed land information from LANDSAT to OCAP 

data files. OCAP is an acronym for the ~hio Capability ~nalysis frogram 

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 reasonabl,y 

accurate, useful land allocation models. (3) Efforts to invesUgate new 

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 INVENTORY 

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 
F1I" 
,'\. 

\~ for image interpretation such as aerial photos, maps and localized ground 

information. Data were processed to produce interpreted land use infor­

mation on computer compatible tapes (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 ~~SAT data to OCAP format 

involved the location of pertinent boundaries 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 ~erify 

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 
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land use files were 80% accurate overall. The second study was much more 
localized and intensive. Accuracy levels of this intensive 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 OHIO 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 consul tants for thi s phase of the program, and the consultants i l1i t­
iated a number of activities. These included reviews of: land use models 
developed for other areas, data available for the current modeling effort, 

'~ and potential uses of LANDSAT imagery in land use studies. Cross 'sectional 
statistical models were developed for residential, 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 
hi gh enough accu'racy to be used ina model i ng framework. However, one 
categoty of LANDSAT data (Urban Residential) does form a significant 
relationship with socia-economic data. This indicates that a more accurate 
LANDSAT data base could lead to simulation models similar to those developed 
in this phase. 

VOLUME 4: DEVELOPMENT OF NEW APPLICATIONS 

The State contracted with Battelle Columbus Labs to develop new ap-
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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, 
LANDSAT CCT tapes, SKYLAB imagery, high and low level 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 eXDloration activ~ties. The procedure involves 
interpretation of LANDSAT imagery and aerial photography . 

.. "'" Results of the ~rralyses indicated that it is feasible to , .... 
map 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 
could identify~ measure and model changes in sediment loadings 
in 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 it is feasible 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 contr,act 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 

in1ventory was developEd from the United States Geological Survey 7-1/2 

minute quad, sheets prepared for Ohio Between 1958 and 1964. This 15 year 

old invento~y is, in fact, a generalized 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) land 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 the 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", which 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 land use in the state. In effect, the 

project was research oriented with the small scale 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 

comprehensive 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 

~tates (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 Quality planning process, which requires 

significant amounts of land use data as input into the 

determination of quality and quantity of storm water run­

Off and nutrient flow into water ways. 

* 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.rec1amation of some 346,000 acres 

requi res the avail abi 1 i ty of detail ed ,-1 ari:d use data. 

This program will be carried out using a portion of 

the excise tax on the severance of Ohio minerals.· 

* The de've10pment of statewide land use and growth poli­

cies require a land use inventory as a framework for 
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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 Ohio's land resources, have begun to generate 

increasing 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 pravi des a di,agram of the overa 11 . vi ew of the program. 
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CHAPTER 11-1 

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 tpis 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 dfd 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 of. LANDSAT image data, 

a very simple system of image identification, documenation and filing 

was initiated. Within each satellite cycle, the pass covering the 

eastern 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 th~ 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. 
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figure 3 
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, A data log book was prepared with each page 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 state 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 July 
1975 data in a conference with the Bendix Aerospace Division. Due to the 
t.ime 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 LA~DSAT 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 available coverage are shown in 
Table 1. The scene coverage is shown in Figure 5. 
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TABLE 1 

LANDSAT scenes processed for the Ohio State inventory 

Reference LANDSAT LANDSAT 
Number 1 Scene Scene 

Number Date 

1A 2190-15410 31 July 1975 

1B 2442-15372 8 April 1976 

2A 2189-15325 30 July 1975 

2B 2189-15355 30· July 1975 

' ... 2C 2441-15320 7 April 1976 

3A 2278-15283 27 October 1975 

3B 2188-15300 29 July 1975 

3C 2440-15262 6 April 1975 

4A 2439-15195 5 April 1976 

4B 2439-15201 5 Apri 1 1976 

4C 2439-15204 5 Apri 1 1976 . 
., 

OCD 1337-15475 25 June 1973 ~ 

:1 
Reference number was generated (Change detectton in Frank-
internally Bendix Aerospace lin Co. area processed for merge 

with socio economic data.) ;~ 

1 , 
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Figure 5. Location Map of Landsat Coverage 
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Developing Training Information 
! 

1,.,,. 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. Flow 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 regional 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) involving 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 ~nd Community Development (DECO) provided 

several different types of ground truth material. The groun~ truth data 
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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 
DECO. 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 eac" 
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. 

d) Ohio statewide land use inventory training area package. 
e) 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 training materials were used to categorize 
the; eleven LANDSAT scenes covering the entire state . 
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CHAPTER 1I-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 Categoriz~d 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 pr.oduce interpreted land cover data. Information provided by the State 
of Ohio was ~sed to locate "training areas''',~ciminallY 20 to 40 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, ,'H:re 
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. 
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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 a numerical 
descriptor (computer-processing coefficients) to represent the spectral charac­
teristics of e~ch target category. The descriptors included the mean signal 
and standard deviation for each LANDSAT band and the covariance matrix taken 
about the mean. The descriptors were then used to generate a set of proces­
sing coefficients for each category. In multivariate 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 tne-probability that the unknown pixel measurements 
belong to the parti cul ar target category sought. In categori cal 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 comp~tations, is reached. If all the .prpbabilities are below a thres­
hold level specified by the operator, t"he computer will decide that the cate­
gory viewed is unknown (uncategorized). 

Once tne analyses were completed for the cover types of interest, the 
MDAS computer used the LANDSAT measurements from these training areas to cate­
gorize each one acre picture element (pixel) with the state. The categoriza­
tion effort resulted in a IIcategorized tape ll

• 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 - 1 5 

• j 

1 
i) 
.~I t 

'; 

. , 

, .~ .. 



~--'''''R -------""'" "', " 
~ .... ' " 

~ 

~ l ~ 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 location. Examples 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 t~ese ground control points. 

The second step consists of converting the latitude and longitude of these 
ground control points to LANDSAT coordina~es, using a theorectical trans­
formation derived from known and assumed spacecraft parameters '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 approximately-derived LANDSAT coordinates and transformation are used, 
however, to identify the actual LANDSAT coordinates associated with the ground 
control 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 control points displayed to the investigator are 
designated to the computer by the cursor. This error measurement is used by 
the computer to derive a set of coefficients for the transformation matrix. 
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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. 

Resamp1ed 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 rectrangu1ar groups of quadrangles in order 

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

Resamp1ed 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 e1em~nt size and tape header 'information were designed to interface 

with the state's data management system. Each quadrangle (data unit) is 

preceded by a tape header as described on page 18. The resolution elements 

obtained by resemp1ing the LANDSAT data are defined by a grid size of 30.48 

meters in the east-west direction and 182 lines per quadrangle in the north­

south direction (N-S length approx. 75 meters). The elements are north-south 

oriented on the resamp1ed tapes. It should be noted that many of the quadrangles 

contain a "primaryll or IIsubordinate ll title, which indicates the preferred 

categorical and geometric data where possibly a IIsubordinatell 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 

1 - 6 

7 - 14 

15 - 30 

Description 
11 

IERTS-or 
21 

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: I 29JUN741 

Constant ICb l (b for blank), then Latitude direction 

(N or S) and Magnitude in degrees and minutes followed 

by III and Longitude direction (E or W) and magnitude 

in degrees and minutes.· 

Example: "C N42-13/WllS-35 1 

Meaning: Format center C is Latitude North 420 131, 

Longitude West l1So 3S I• 

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

The record size is 80 EBCIDIC characters 

Character 

1 -'2 

3 

4 30 

31 - 39 

40 - 49 

50 

51 - 60 

Description 

Quad identification code (0 0 if outside state) 

Blank 

Quadrangle Name (or "outside State of Ohio"_ 

Blank 

LANDSAT scene number (0000-0000) 

Blank 

Categori zati on i ndi cator "primary" or "Subordinate" 

(this word indicates the primary or a subordinate cate­
gorization for the particular quadrangle) 
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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 shows the category code number used for each 

category for the computer tape files. 

The categories listed 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 veget~tion, including medium 
density commercial and single and multifamily residential areas. 

Urban, Suburban/Agriculture. Developed areas with medium concen­
trations of impermeable surface and limited 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 ~ypes 
with a high chlorophyll content growing in thick density. 

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

Agriculture, Bare Fields. This indicates cropland areas t~at have 
been harvested and/or plowed. It should be noted that both July 
1975 and April lQ76 LANDSAT data was used in the inventory, and 
areas which were bare in Arpil 1976 may have experienced vi~orous 
growth in July 1975. The categorization indicates the condltion 
during the LANDSAT scene date. 
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Ag'riculture, Pasture. These areas are non-cropland fields or 
late 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
tionhas 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. 

Range 1 and, Grass-tended. Grass tha tis hi gh ly ferti ') i zed and 
watered, including golf courses, cemeteries, parks and/or re­
creation areas. 

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

Water, Turbi~. 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 sOlidif.ied matl.~rial. 

Barren, Beaches. Smooth sloping accumulations of sand and gravel· 
along shoreline. 

Barren. Mfnes. 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, StriPRed Bare. Ar~as where significant strip mining and/or .. 
~struct1on as greatly dlsturbed the landscape. 

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 

CATEGORY NAME AND NUMBER ASSIGNMENT 

Urban 01 
Core 011 
Residential 012 
Suburban/Agriculture 013 

Agriculture 02 
Vigorous Growth 021 
Medium-Sparse Growth 022 
Bare Fields 023 
Pasture 024 

Rangeland 03 
Reclaimed/Urban 031 , 
Scrub & Brush 032 
Herbaceous 033 
Grass-tended 034 

Forest 04 
Mixed 041 

Water 05 
Turbid 051 
Clear 052 

Wetland 06 
Non-Forested 061 
Forested 062 

Barren 07 
Settling Pond 071 
Beaches 072 
Mines, Quarries & 

Gravel Pits ·073 
Stripped/Bare 074 
Stripped/Urban 075 

Uncategorized 00 
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i it, Speci a 1 Process i n9 and Prob 1 ems 

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, inyolved con­
fusion of the urban (residential-suburban) and,barren (extractive-bare 
earth) categories. The problem was resolved by judicious selection of train-
1,ng 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, soil s, crop conditi on 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 Defiance. 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-
ect1y related to a flat expanse of moderately dark colored, poorly drained 
Paulding soils deposited during the last glaciation. This area was apparent 
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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. 

" 
The 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 classi~ication. Quadrangles from Lyons southward to Malinta 
and those to the east were resampled from the categorization favoring the 
Toledo urban area, whi le those quadrangles to the west and south of. N41- , 
30-00, W84-07-30 were chosen from ~he Defiance agricultural categorization., 
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 
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MDAS TV monitor. Selection of training areas, generation of accuracy 

tables, and evaluation of processing results through use of computer ppint­

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 should 

be read row by row and measur~s the percent of each training set as it is 

categorized by the 'categorical coefficients~ against each of the categori­

cal 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 preci sely control th(~ 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 development of ,the Land Use Inventory for the 

State of Ohio was to convert all counties and townships into the digital 

format of the OCApl 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 
• I ~ -

~:.., 1: 24000. 

An identification system was developed for referencing and storing each 

~uadrangle 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 continuing 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 

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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the quadrangle is located, then the letter or number corresponding to the 

row. As an example, Lawrenceburg quadrangle, in the southw~st corner of 

Ohio, would be coded "AX". 

Digitizing of political boundaries necessitated the use of consistent and 

accurate measurements for the horizonial 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 loc~ted 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 7-1/21 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 adjacent counties wou1d have the same number. Each town­

ship, in alphabetical sequence within a county, was assigned a two digit 

number ranging from 01 to nn (Figure 9). An example, Bedford Township in 

Meigs County has an identification number of 201. The "2" is the county 

identification and. the "01" is the township identification. This number­

ing system insured that no two political units on a given quadra~gle would 

have an identical code. 
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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/ 

township unit and recording vertices of each. The row segment method re­

quired digitizing 182 lines of information in the Y-axis with appropriate 

county/township codes. 

The digitizing "}ethod 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 

boundaries into the standard row seg~ent format of the OeAP system. The 

quadrangles digitized using 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 Edit_ing of the Political Boundary Data Files 

A visual edit was per!ormed for each political boundary file; The computer 

map was compared to its corresponding quadrangle to insure all information 
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was converted accurately. Errors were flagged on the computer map and 

edited using the EDIT 2 program (Figure ll). All 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 aompleted,. the individual quadrangles were merged into a county 

area file using the MERGE program (Figure l2). 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 

The 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 Be~dix Corporation1 .. The data 

was forwarded to the Ohio Department of N~tural Resources for reformating 

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

tical boundary data to produce tabular summaries and maps for 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 processing. 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 c·odes were 

listed in Table 2 with a discussion of categories, but are repeated here for 

cQnvenience 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, including 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 sample areas were mapped in a line printer and compared 
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TABLE 4. 

LAND USE/LAND COVER CATEGORIES AND CODES 

Level I 

Urban 

Agriculture 

Rangeland 

Forest 

Water 

Wetland 

Barren 

Uncategorized 

Categories 

Level II 

Core 
Residential 
Suburban/Agriculture 

Vigorous Growth 
Medium-Sparse Growth 
Bare Fie'lds 
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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01 

02 

03 

04 

05 

06 

07 

00 

Codes 

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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TABLE 5. 

Output File Description of' Conversion Pro9ram 
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FIGURE 14. 
SAMPLE QUADRANGLES MAPPED FOR 

VISUAL COMPARISON 

Ii'}' Z 
'~~:h;4 i£~l;11X ~ if' ~ .. ~ ~,I.r' ,4 /{ IX 1 -

x 

2 

Indicates Quads Converted and Mapped For Visual 
Comparison 

Indicates Tape Boundaries 
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for general geometric and classification accuracy with USGS 7-1/21 qua­

drangle maps. The comparison indicated that t~pe 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 a poor LANDSAT scene. It was also noted that most quads had to 

be shifted somewhat in the X and Y directions, in order to be aligned 

correctly with their corresponding line printer maps. The files on the re­

maining tapes appeared acceptable, and were converted into the OCAP format, 

using the CVTOCAP program and mapped on a line printer (Figure 15). The 

fi1e~ were then permane~t1y stored on computer t~pe for subsequent proces­

sing~ 

Creation of LANDSAT County Area Files 

Upon comp1~tionof the LANDSAT conversion, the ~ANDSAT quadrangles encom-

~ passing a'particu1ar county were me~ged 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 copjed 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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FIGURE 15 . 

LANDSAT LAND COVER MAP 

. .. . . .. ......... .. ...... . ........ u . ... .. . ~ ... . . . . . ..... . . . .... ... ... _ .......... _ . _ ..... . .......... . _ .. .... . . . _ _ •• ~ . . . . . . . . . . . . . . ...... ... . ....... _ . . ..... . . . . .... . ..... _ . ........ . .. .. . .. . .... ,.,.. • • - -" • • ~ . . 
i : 
i : , . 
i ! 
! [~::~:~~2~~~~~~:._~~::: :] 1 
! i 
I i 
~ 
I 

i 

._ •• '0 

;H:' :~\ ::: ~:II: ' !:,o, 

, : .. Or!:. ~, .c~ ': .. : 
'\ M 

:! 
i: .. ;! 

l:, : ' ~: : i ';U:i 
,!m .::J. 11tH; 

" lm .:::: 
:~n :~ !! : f 
;i: \~~ lW: , ...... ' 

~ : .. : : ~ .!:: :: , : ~ . ;:;.i; ' .. '!:! . 
............................................ .,. ........................... ~ ................ ....... , .. ...•......................... -............................. ~ ........ _ .......... ................. -..... . 

2 - 43 



by acreage and percentage, and to develop a file management sy~tem 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 ',abulate each political boundary file 

with its corresponding LANDSAT file. Summaries of acreage ~nd percentage 

were produced for each township and county (Table 6). The Qutput 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, 

~nd includes such capabilities 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 d~fined 

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

ferent reports were wri tten and stored in the ~·1ARK IV system. A user IS 

manual will describe the various reports, and how to obtain them. 
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FIGURE 16. 

LANDSAT STATISTICS FILE: 
LOGICAL RECORD FORMAT 

COUNTY IDENTIFICATION 

CODE NAME 

TOWNSHIP IDENT. TOWNSHIP IDENT. TOWNSHIP IDENT. 

CODE NAME CODe NAME CODE NAME 

• ,...[.== I==========::::l I.LC::============:;-, 
CATEGORY CODE ACREAGE CATEGORY CODE ACREAGE 

CATEGORY CODE ACREAGE 

~------------~------~~ 
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CHAPTER 11-4 

VERIFICATION AND EVALUATION OF INVENTORY 

Upon completion of the Land Use Inventory, a verification program was 

undertaken to determine the accuracy of categorization. Two independent 

efforts are reported here. First reported is that of the State, and the 

second is an effort by an RPDO (Regional Planning and Development Organi­

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

Verification System Used by State 

Ninety-four quadr_an.gles 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 enti re state (12%). .The qua'ds chosen for veri fi cati on are i ndi cated 

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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FIGURE 17. 
QUADRANGLES CHOSEN FOR 

VERIFICATION 
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TABLE 7. 

Summary of Quads Verified Per Scene 

SCENE NUMBER 
gUADS CHOSEN PERCENT OF 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 

?441-15320 106 17 16 

2442-15372 30 4 13 

2189-15355 121 18 15 

2188-15300 191 22 12 

2439-15201 1 47 

2278-152831 24 

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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Tape 1 2 
SCENE 21 89-15355 

QUAD NAME Nevada -------------------

---
FIGURE 18. 

OHIO ·LAND USE INVENTORY 
VERIFICATION FORM 

CODE NJ INTERP~ETER G~oves & Weber 

SCENE DATE Jul y 30, 1975 

DATE ----
CORRECTNESS OF i ~AMPLE COORDINATES LANDSAT GROU ND TRUTH COMMENTS LANDSAT 10 I 

. X Y 10 ID YES NO j 1 1 4 34 23 . bare sai1/ thin v eer X 2 2 2 41 41 a11 farest X 3 2 3 22 22 aerri/forest/water X 4 4 1 21 22 aerri X 5 J~ ~ 41 41 most:lu all aqr_iLa little forest X 6 9 2 12 22 aqri' X 7 2 7 22 22 aqri X 8 10 1 22 22 all. agri X 9· 9 1 41 41 scrub/aqri/forest X . 10 6 2 22 22 aqri X 

TOTAL CORRECT 8 SOURC E OF GROUND TRUTH: TOTAL-rNCORRECT 2 IF THE SOURCE IS PHOTOGRAPHY, INDICATE IN ORDER THE FOLLO~ING DATA 

SOURCE TAKING AGE NCY FI LM TYPE FLI GHT NO. DATE F~AME S 1 ODNR B&W 752090202 . 7-28-75 34 i 
2 -.- -.-- -,-- -.-. 31 I 

3 32 
4 25 
5 26 
6 9 
7 13 
8 7 
9 7 
10 -'- - _ I.- -I- 014 - -- - - -- -- - ~ - - - - .. - - --~-- - - - --- - - -- - -- ---- - -



To make c~rtain 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 recorded their points of alignment. The 

maximum displacement of the points of alignment became the radius of an are 

surrounding 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. 

~esu1ts of State Verification 

The following is a discussion of the verification results by category: 

URBAN 

Urbcn areas are difficult to identify when the computer is classifying the· 

LANDSAT data. The computer constantly compares the data to the training 

sets mentioned above, and fafthfully 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 

separate 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. 

1 
,,' LAND USE/LAND COVER CATEGORIES AND CODES * 

CATEGORIES CODES 

LEVEL 1 ** LEVEL 11 ** 

~b~ m 

Agriculture 

Rangeland 

Forest 

Water 

Wetland 

Barren 

Core 
Residential 
Suburgan/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 

Unidentified 

* See definitions Appendix I 
** Level I categories are very general 

Level II categories are subdivisions of 
Level I categot'ies and are more 
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02 

03 

. 04 

05 

06 

07 

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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TABLE 9 

DISTRIBUTION OF INCORRECT CLASSIFICATIONS 

LAND USE/COVER % INCORRECT 

l. 

I. 

3 

,. 

5. 

6, 

7. 

Urban 
11 Core 
12 Residential 
13 Suburban/Agriculture 

Agriculture 
21 Vigorous Growth 
22 Medium-Sparse Growth 
23 Bare Fields 
24 Pasture 

Rangeland 
31 Reclaimed/Urban 
32 Scrub & Brush 
33 Herbaceous 
34 Grass-tended 

Forest 
41 Mixed 

Water 

Wetlalld 

Barren 
73 Mines,Quarries & 

Pits 
74 Stri~ped/Bare 
75 Stripped/Urban 

Unidentified 

6 
16 
61 

11 
16 
18 
13 

38 
32 
33 
69 

5 

a 

100 

a 
100 

13 

30 

22 
22 

8 

50 

100 
75 
5..:. 

67 
72 

100 
88 

91 

100 

50 
100 

25 
13 35 

29 57 
45 25 
50 50 

100 

11 
6 

9 

NOTE: The % incorrect column indicates the percentage of points that 
were misclassified for the indicated Level II land cover. The next 

14 

4 

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, 88% were Agriculture and the remaining 47% were Barren. 
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not irl.~ntifiab1e 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 accuracy. Utilization of the Urban category depends upon 

the specific purpose of use. LANDSAT is not the answer for determining muni­

cipal limits. LANDSAT will, however, give information aqout 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 usee" 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. 

Further investigation 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 computer mi s i denti fi ed 1 and covers as Agri cultur'e, the two ca te­

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. Confusion 

between these three categories is, therefore, ~o 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 also, for purposes 

of this inventory, fortuna~e that Agriculture is the largest ~ingle 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 misidentifies 

Agriculture as Rangeland. 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 
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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 selectee which LANDSAT identi-

fied as water, (they were all identified correctly), personal observations 

and other studies have proven the accuracy of the water category. There are, 

however, several considerations to be made. The most important is that many 

rivers, particularly the more narrow, will not be identified simply because 

they are covered by tree canopy, and therefore identified as Forest. A 

second consideration is that water is identified as Water whether it is 

( ,found in a river, lake, quarry, construction site ,after a heavy rain, in 

( 

~he streets, on top of large industrial buildings, or wherever it collects 

to cover a large area. This aspect should be considered particularly if 

al surface water inventory is compiled from these data. One further consid-

eration should be made, although it will not affect the statistics contained 

in this report. Should the occasion arise where the land use of an area is 

needed by quadrangle sheet rather than by township or coun'w, 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 th~ Ohio River will re­

flect that water area in the statisti,cs. For example, the statistics for, 

the Cleveland North quadrangle will show that approximately 80% of the land 

cover is wat~r (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 

Agri cul ture 

Rangeland 

Forest 

Ba.rren 

Water 

Wetland 

Totals 

, TOTAL 
,POINTS 

80 

417 

192 

227 

13 

8 

1 

938 

"",-:,~,- ... ." .. ----

TABLE 10 

SUMMARY OF VERIFICATION RESULTS 

NUMBER 
CORRECT 

52 

354 

115 

216 

8 

8 

0 

753 

PERCENT OF ACTUAL STATEWIDE 
PERCENT ALL POINTS DISTRIBUTION 
CORRECT 

65 

85· 

60 

95 

62 

100 

0 

80 (All 
,Points) 

SAMPLED OF CATEGORIES 

9 5. 1 

44 48.7 

21 14.9 

24 28.6 

1 0.6 

1 0.9 

0 0.0 

100 98.8 
Unidentified 1.2 

100.00 

~ Note: The statistics shown in this table represent the accuracy of the 
r 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 land use in Ohio, and 

where they occur, are identified variously as Agriculture, Rangeland, 

Forest and Water, depending upon how wet they are, and how much vegetation 

is present. 

BARREN 

As with Water, the number or 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 l 

A project team was selected from the area planning agencies (subcontract­

ors), and an informational meeting was held which included a description 

of how and 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 uland useu background, they were urged, for the purposes of 
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~ this study, to develop a IIland cover ll 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 NASAls 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 

needs, such as urban b,ounda ry change detecti on; 

3. 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 

1 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 add'ition, 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 v1arification methodology was presented by NEFCO 

and adopted by the project team. It consists of the following: (Fig. 19) 

1. Initial Overlay Procedure 

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

1) 1" : 2000' Gri d Overl ay 

2) 1":2000' U.S.G.S. Overlay 

3) 1":2000' OSWLUI Co~puter Map 

4) 1":1000' Grid Overlay 

5) 1" :1000' Air Photos 

6) Computer Classification/Photo Interpretation Sheet* 

7) 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 io the OSWLUI output 

by matchi,ng large bodies of water or stands of vegetation 

on each of the maps. This 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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Fi gure 19. 

I. 
P REGISTER: 
1:2000 . USGS' 

A. 1:2000 GRID 
1:2000 OSWLUI 

J, 

OVERLAY GRID & SELE CT SAMP LE 
USGS TO OSWLUI C., AREAS 

B. COMPUTER MAP 
I 

I 
~ 

ASCERT AIN EXACT , 
L OCATION OF E L- REGISTER CLEAR 

D. E CTED SQ. MI. 0 E .... 1:1000 GRID , 
USGS & 1:1000 OVERLAY TO 
Am PHaro AIR PHOT O 

I ,;. 

II. P HOTO INTERPRET 
SELECTED SQ. MI. 

A. & 'CODE RESULTS ON-
TO PIXEL MISCLAS-
SIFICATION SHEET 

~ 

. 
CODE COMPUTER 
MAPPED DATA 

B. ONTO PIXEL MIS- OSWLUI VERIFICAT ION, METHODOLOGY FLOW CHA RT 
CLASSIFICATION 
SHEET 

w 

OTE F RE QUENCY 
OF ;PIXEL 

C. MIS CLASSIFICATIONS 

J, 
EST. RELIABILITY T 

LEVEL FOR EACH 
D. L AND COVER & 

E ACH SAMPLE 
AREA 

ob 

EST. RELIABILITY 

E. 
LEVE'L FOR EACH F _ EMPLOY OTHER 
LANDSAT SCENE, I STATISTICAL 
E ACH COUNTY, & TESTING lVIETHODS 
FOR T HE REGION 
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consuming, and a percentage of error was possible. For 
example, certain quadrangles that were primarily agricul­
tural lacked large forest stands or water bodies. In 
these cases, registration was based on what little forest 
or'water areas were present, and any significant urban 
features that were evident (such as an interstate highway). 

C. For this. first 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 subcontractors' 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 tha,t the re 1 i abi 1 i ty 
levels produced would not 'be correct. Therefore, sample sites 
were later picked according to their spatial location within 
the flight 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 location of the photos themselves deter­
mined whether or not a particular site could be 

chosen, not the Interpreter. 
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D. 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 du~ing April of 1975. 
While }t would be best to obtain high altitude air­
craft photog:aphy 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 verif~cation methodology as it was originally 
designed. 

E. The next step was to register the clear 1":1000' grid 
overlay to the air' photo. This'was accomplished, by 

first overlaying the 1":2000' grid and the U.S.G.S. 
overlays together and locating the sample area. Then 
three poi nts were chosen. Next-;-the 1": 1 000' gri d was 
placed over the photo in such a way that the three 
selected points were in the same cells as on the preced­
i ng gri d. 

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. 

B. 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 Appendix A). 

C. 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 misclassifications and 

correct classifications will be presented and analyzed. 

D. From the above sheet, a reliability level (below) was esta-

~ blished for each land cover type correctly classified; and 

an overall 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 SH ET 

SAIVIPLE PLANNING 
QU D GLE AREA NUMBER AGENCY -------- ----~--

COMPUTER hHarO 
CLASSIFIEo/ INTERPRETED 

-
3 6 9 12 

3 6 9 12 

5 8 

15 18 
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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% 
Bilrren 10 20 50% 
Wetland 2 2 ~ 

Total Pixels 410 546 75% 

Total Correctly Classified Pixels = ___ %Reliability Level 
Total Pixels 

OR 

410 
546 = 75% 

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 there 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-effectil/~. 

NEFCO already possessed 111 :1000', 1975 air photos from ODOT for the region, 

and felt that they were most adequate for determining the OSWLUI1s reli- . 

ability. The pixel-grid verification strategy has been utilized success-

fully in the past* ... often thE! IItest site ll size is a function of the 

scale of the photography being used as ground truth. In NEFCOls case, the 

111 :10001 photography permitted an exact pixe1-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 

*Ero, R.B., The ERTS--1 Investioation (ER600). Volume 5: ERTS--l Urban 
Land Use Analysis. Houston, Texas: Lyndon B. Johnson Space Center, NASA 
November, 1974, 121 pp. 

2 - 66 

--~- ... ~,-~-,.-- ' ,-",,,.~---------~ .. ,- '.'~", . ~ 

,~ 

, 
J 

.-

'I j 
~l 

I 

"J 



I 
r i 

I , 
, 
, 
~ 
[ , ,-

k 
r 
f-
t: 
~. 
~ 

"cell" size for testing than NEFCO used. This will include a group of pixels 

rather than er,e. 

The same procedure that NEFCO used (Figure 19) can be followed, however, 

by the analyst to ascertain 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 involved 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 alternative 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 eVmluation 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 

'resu1ts illustrate that some of the land use/cover patterns in the NEFCO 

Region have been spectrally separated fron'! a very compl ex urbani zi ng envi r­

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 ~hape characteristics of LANDSAT .photographic tone 

patterns. Such things have been useful in the military, forestry, agri­

culture, and othe~ disciplines where photographic tone patterns are directly 

related 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 reflect the relative reliability 

of the OSWLUI for this region. The following were considered limiting 

factors in the analysis of the results: 

1. The 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 v? lANDSAT scene; 

3. The proper registration of the OSWlUI computer 

map (see Verification section); 

4. Environmental factors -- discussed later in this 

section. 

·Whi1e 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. 

:.r 

Urban 
Agricultural 
Rangeland 
Forest 
Hater 
Barren 
Wetland 

TOTAL 

TABLE 11 

OVERAll RELIABilITY FOR THE 

NEFCO REGION 

Total 
Correctly Total 
Classified Present 

1,979 8,832 
20,816 33,195 
2,685 13,391 
8,884 15,796 

278 679 
76 594 
0 27 

34~ 718 72,514 

Re1iabilitx 

22% 
63% 
20% 
56% 
41% 
13% 

0% 

48% 

As Table 11 shows, the overall reliability level for the region is 48 

percent. While this may be considered l~w, it should be noted that most 

verification studies deal with a much smaller 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 
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test site. This, we feel, cannot be as accurate as a verification metho-

dology which tests each pixel within a sample area 1I ••• it is expected that 

values for correct identification below 50 percent will be very common in 

complex environments. 1I1 In total, 133 samples areas were teste.d (Figure 4). 

This represents approximately 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 only 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 

received the. lowest reliability score of any cover type. Part of the reason 

for this is t,he definitional question of what constitutes IIrangelandll in 

this part of the country. The photo-interpreter has n.o guidelines, for 

example, of what percentage crown cover constitutes Forest and when it is 

Rangeland. As will be noted. in the next section, Rang.eland is often misclassi­

fied with AgricultureN This may indica~e the need for additional training 

sites or that a similar spectral response is being received for Pasture as 

for Rangeland. 

Similarly, Agriculture was being misclassified wit~ Rangeland and maY'have 

brought down its accuracy. However, it remained overall the most reli-

able land cover type, and often 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. 

1 Lintz, Jr., Joseph and David S. Simonette. Remote Sensing of the Envir­
onment. Reading, Mass.: Addison-Wesley Publishing Company, Inc. 1976, 
p. 453. 
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Forest and Agriculture, were usually the two highest scoring cover types. 

~r On some sample areas, the forested land cover response was quite accurately 

measured. On others it was not. This may be due to 

lithe 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 
individual small resolution elements by computer quite diffi­
cult." 2 

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 ,t:he fact that the "spectral response 

of water surfaces could vary greatly because of variations in sun angle or 

in levels of turbidity .. '3 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 

"lakes ll 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. 

2Coggeshall, M.E., R. M. Hoffer and J. S. Berkebil. A Comparison Between 
Oi itized Color Infrare~ Photo ra hand Multis ectral Scanner Data Usin 

OP Techniques. Laboratory for Applications of Remote Sensing LARS. 
Information Note #033174. Purdue Univ., West Lafayette, Ind., p. 2. 
3Erb, R. B., The ERTS--I Investigation (ER 600). Volume 7: ERTS-l Urban Land 
Use Analysis. Houston, Texas: Lyndon B. Johnson Space Center, NASA Nov., 
1974, 121 pp. 
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Analysis of Pixel Misc1assification 

As a special part of the reliability study, 51 individual sample areas 

were selected for an analysis of pixels which are computer misc1assified. 

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 that 

the relative percentages of misc1assifications 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 51 

percent) 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 misc1assification occurs 

with urban areas where almost 60 percent of the pixels which are classified 

as Rangeland are photo interpreted as Urban. Review of the photographs. 

indicates that these pix1es are Urban from a functional and/or locational 

aspect, but from a land cover point of view, are often a very low density 

and/or non-developed in nature. 

More common to the overall NEFCO Region's suburban and rural areas, 
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TABLE 12 

SAMPLE AREA PIXEL MISCLASSIFICATION, NEFCO REGION 

AGRI­
URBAN CULTURE 

% % 

U 

20 
33 

A 30 
-23 

9 
o R 57 
I.IJ 

U') 
U') 

94 
36 

::s 4 
(.) F 12 
a:: 

_/:!. 39 

~ 6 

8 20 
W 55 

91 
69 

16 
6-26 

62 
, 31 

4 
X 6 

52 
8 

* 

40 
21 
'11 
26 

76 
29 

2 
51 

68 
47 

6 
65 

42 
o , 

12 

61 
7 
9 

31 

78 
34 

7 
69 

PHOTO INTERPRETATioN 
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No pixels were classified as wetland in the 
above sample, consequently, it was not included 
in this table. 
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% OF 
TOTAL 
SAMPLE 

~ 

3 
9 

14 
5 

28 
32 
15 
28 

26 
3~ 
59 
31 

38 
23 

1 
31 

1 
o 
8 
1 

1 
2 
2 
1 

3 
1 
2 
3 

48% 
49% 
57% 
49% 

TOTAL 
MISCLAS­

SIFIED 
% 

300 Rural 
237 Suburban 
216 Urban 
753 Total 

2,618 Rural 
843 Suburban 
232 Urban 

3,893 Total 

2,590 Rura I 
888 Suburban 
914 Urban 

4,392 Total 

3,772 Rural 
602 Suburbaf') 

18 Urban 
4,392 Total 

50 Rural 
11 Suburban 

119 Urban 
180 Total 

61 Rural 
42 Suburban 
34 Urban 

137 Total 

338 Rural 
35 Suburban 
29 Urban 

402 Total 

9,929 Rural 
. 2,658 Suburban 

1,562 Urban 
14,149 Total 
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with relatively few problems in the categories of water, barren, or un-

i denti fi ed. 

Agriculture 

Table 12 illustrates that land cover is many times computer classified 

as Agriculture, while it is photo interpreted as Urban, Rangeland and 

Forest. The most significant problems are associated with Rural areas, 

whe~e almost 50 percent of the time, computer-classified Agriculture is 

photo interpreted as Rangeland. In suburban types of environments, the 

problem of Rang1e1and misc1assification appears to be much less (34 percent). 

Rangeland 

Table 12 shows that computer-classified Rangeland is actually much of the 

time land cover t~pes involving urban and agriculture land uses. In rural 

4 areas of th.e NEFCO Region, ,over 75 percent of the compute·r.-·c1assified range­

land was interpreted as being in agricultural production. 

Forest 

Table 12 ~oints out that, in many cases, computer-classified forest land 

cover is photo interpreted by planners as Agriculture and Rangeland. The 

misclassification 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 torest cover 

is interpreted as Rangeland for 56 percent of the misc1assified pi.xe1s. 
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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. 

Wh~t is implied here, then, are the merits of temporal categorization of 
LANDSAT data. Although 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 little difference in the reliability 
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, 
rece'ntly a new LANDSAT scene for this area was chosen which may yield better 
resul ts). 
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TABLE 13 

OSWLUI RELIABILITY BY LANDSAT SCENE 

TOTAL CORRECT TOTAL PREStNT RELIABILITY 

October 
2,491 7,644 33% 

Ap,ri 1 
4,970 9,828 51% 

~ 
27,257 55,042 50% 

t 
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Conc 1 us ions 

CHAPTER II-5 

CONCLUSIONS AND RECOMMENDATIONS 

The .results of the land use inventorying effort in 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, 

be; ng computeri zed ina system wi th many edi ti ng, mergi ng and other fi 1 e 

management tools, is a flexible and easily updatable system. 

The experi ence 1 earned in putti ng thi s system together wi 11 be very val uab 1 e 

and time saving fqr the next generation inventory;' The inv~ntory is in a 

format becoming increasingly accepted by State and Regional personnel 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 provide an operational land use inventory at the reliability level 

sought in the original goals. Mor~ eff.ort 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 pursui ng methods to provi de i nlcreased accuracy 
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through a hybrid system of methodology. These additional data processjng 

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 pr.ovide 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. All 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 infonnation types is relatively ea.sy one the more generally and 

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

Reconmendations 

* 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 

a geo referenced information system to address the information 

needs of HUD 701 Comprehensive Planning, EPA 208 and Coastal 

.Zone Management. Such a prograw would yield better knowledge 

of the application of the technology in the environment of 

state government which is more attuned to operational programs 

providing services and not programs requiring the flexibility 

of the research en vi ronment. 
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* Study and develop practical techniques and methodologies 
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 pr~gram, the idea of involving the end user in the training 

portion of the automatic categorication process.seemed attractive, for 

the following reasons: 

1. Fu1 fi llment oJ the need for personnel to develop 

training information 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 likely 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 categorization. 

process .. 

Although the method was not fully developed, two RPOO's sent significant 

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

This information was used by Bendix to assist training the processor. 

2 - 80 I 
~~_~_ ~.":-" --'--:~;-: .. ".::-.::_,"':.;::. _::':::'':::'''::'''_=''-::' :: . .......,:;:.:: .... ::.:.;;.;..:;,.,..:: .. _:: .. ;; ... :: ..... :; ... , ....... :: .. :;:: . . ;:;::;L~:::;;; ........ ;;:;_;;· ;:~=_,"",,~, :;£.,,;:;: ... = ...... .:.:: ..,;7::-:: . 

, 
j 
) 

'1 

I 

I , 



l 
I 

~ 
~ 
r 
r 

• 
L 
t 
\ 
[: 
~, 

f. 
£. 
r 
r 
! 
l' 

t 
~ 

.'~ 

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

in~ information. The r4anual is an effort to standard'ize 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 trai~ing information and returned it to the State for 

use in processing the LANDSAT Data. 

Please note the several form~ and aids that were developed to facilitate 

the work. 
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Figure 1 .. 

OHIO STATEWIDE LAND USE INVENTORY 

TUTORIAL TRAINING PACKAGE 

Contents of Package: 

One Set 

One -

One 

One Pad -
Three -
One -

LANDSAT SCENE IMAGERY 
(Scene of Interest) 
1:1 000 000 

One Positive Print Band 5. 

One Positive Print Band 7 

USGS 1: 1 000 000 Scale Topographic Index 

Sheet 

Landsat/Topo Index Overlay (Scene of Interest) 

Training Area Forms 

Land Use Landcover Listings 

Trainer Tutorial Manual 

User Provided Items: 

USGS 7.5 Minute Quads 

Aerial Photographs as Needed 
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HOW TO TRAIN 

2 - 83 

(](/ 
7 O. 

) 

/' 

.~ 

~ 
,c 

:~ i 

I 

I 

'. 



! 
I 

I 
I 
I 
I 
I 
i 
I 

\ 
I 

I 
I 

~ 
l 
~, 
t 

l 
l 
I"' 
f 
~, 

Ohio Statewide Land Use Inventory 
i Procedure for Tr~dning Area Selection and Documentation 
"\" -" 

~. . 
'. 

LANDSAT Scene ID ___ Track" __ Scene __ Date _/_/_ 

STEP ONE 

STEP TWO 

STEP THREE 

STEP FOUR 

STEP FIVE 

STEP SIX 

STEP SEVEN 

---
Use an Ohio ,Statewide Land Use Inventory Land Use Landcover 
Listing to list the land cover types in your area of scene 
which make up each land use Levell 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 Topographic Maps of Ohio and the Ohio 
~tatewide Land Use Inventory LANDSAT/Topo Index Overray­
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 
(us"e masking tape t.o 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). 

Fill 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 
location. 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 all land COver training areas are complete, make 
copies for your files and send the originals to:, 

ODECD 
r>. O. Box 1001 
Columbus, Ohio 43216 

Please send originals of: 

* Land use land cover listing forms 

* Training area forms 

* LANDSAT/Topo index overlay 

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

2 - 85 
..".".-,~ ~~··"'MU~~,,,,- ·""""'''4'''' .... ____ «--...;_· ,~~"'" "':~'-, .. ~c,',c. ~.i,~,':>". ,'~ ... ~ .... w-'·--,..~:~::::::r:~-~"""'-.~"""."... ~,",_.w, _ ., " _ 

'--,--,, -,----~ 

,I 

~ 
j 
\ , .. 

11 , 
" 
',1 , 

I 

" 

',t 

{ ~1> i 
'---' -. ,~-~ 



f--'--:!'I4:* ... 'I ....... '. 
~ .. --_".~ "_n_.,, '._. 

t 
f' 
r 

r 
>. , 
, 
l 
f 
t 
~ 
I 
r 

u.s. GEOLOGICAL SURVEY 
LAND USE AND LAND COVER CLASSIFICATION SYSTEM FOR 

USE WITH REMOTE SENSOR DATA 

LEVEL I 

1 Urban or Built-up Land 

2 Agricultural Land 

3 Rangeland , 

4 Fores t Land 

5 Water 

6 Wet1 and 

7 Barren Land 

2 - 86 

LEVEL II 

11 Residential 
12 Commercial and Services 
13 Industrial 

21 Cropland and Pasture 
22 Orchards, Groves, Vineyards, 

Nurseries, and Ornamental 
Horticultural Areas 

23 Confined Feeding Operations 
24 Other Agricultural Land 

31 Herbace'ous Range 1 and 
32 Shrub and Brush Rangeland 
33 Mixed Rangeland 

41 Deciduous Forest Land 
. 42 Evergreen Forest Land 

43 Mixed Forest Land 

Water 

62 Nonforested Wetland 

72 Beaches 
73 Sandy Areas Other than Beaches 
74 Bare Exposed Rock 
75 Stip Mines, Quarries, and 

Gravel Pits 
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OHIO STATl:vV'IDE LAND USE INVENTORY 
LAND USE LAI\IOCOVER LISTING 

LANDSAT SCENE ID 82188 - 15300 TRACK 2 SCENE 2 

~ 
01 02 

URBANI AGRICULTURAL 
COVER LEVEL BUILT UP LAND 
COMPONENT LAND 

COMMERCIAL CORN 
, 

INDUSTRIAL SOYBEANS 

PARI( PASTURE 

RESIDENTIAL 

. 

Ot':) 
. d) "Ij Il:l.Il ~,l 

;","-..1 

"'t3 CO) 
O~ 
~i?! 
0-0 C:I; 
J!IYI 
:::t--<(I) 

COMMENTS: 

0-

~ 
. " 

!-- . 

03 
RANGE 
LAND 

, 
I 

_. -- ---.~--. ....... "-" 

04 
FOREST 
LAND 

EVERGREEN 

HARDWOOD 

MIXED 

MAIL TO: OHIO DEPARTMENT OF ECUNOMIC AND 
COMMUNITY DEVELOPMENT 
P.O. BOX lOot, COLUMBUS, 01·110 43216 

DATE_7_' ~, .2.!L 

05 06 07 
WATER NON FORESTED BARREN 

WET LAND LAND 

RIVER 

I LAKE 
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ILLUSTRATION OF TRAINING AREA FORM ON TOPO SHEET 

NEAREST UTM 
RIGHT 

NEAREST UTM 
BOTTOM 
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MAIL TO: OHIO DEPARTMENT OF ECONOMIC AND 
COMMUNITY DEVELOPMENT 
P.O. BOX 1001, COLUMBUS, OHIO 43216 

LANDSAT SCENE 10 ______ TRACK_SCENE_ 

LAND USE CLASS ______ (LEVEL) ___ LANDCOVER ______________ _ 

APPROXIMATE ~ N -_, USGS QUAD (DATE) 
LOCATION ~ ~V. ---- ----

NW CORNER LOCATION OF CCT DATA STRIP_ SAMPLES_ LlNES_ 

COMMENTS: 

GOOD 
FULL 30 PIXELS 

ARE WITHIN 
AREA 

o 
NOT GOOD 
LESS THAN 
30 PIXELS 

GOOD 
FULL 30 PIXELS 

ARE WITHIN 
AREA 

NEAREST 
UTM 

TRAINER 

COORDINATES ~ N __ _ 
LOWER RIGHT ~ W __ _ 

NEAREST 
UTM 

----------------------------
ORGANiZATION '--------------------------
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INDEXTO TOPOGRAPH IC MAPS OF OHIO 
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LANDSAT/TDPD INDEX 
OVERLAY 

LANDSAT DATA LOCATOR GRID 

APPROX IMATE LOCATION 
OF TRAINING AREA IN 

LOCATION IN LANDSAT CCT DATA 

Yo MINUTE QUAD . ON 
TOPOINDEX 

OF TRAI NING AREA READ DIREC 
FROM LA NDSAT DATA LOCATOR GRID 

(EXPLODED VIEW) 

ILLUSTRATION OF METHOD TO LOCATE STRIP/SAMPLE/LINE INFORMATION 
FOR TRAINING AREAS 



, 
r····_~ __ ._ ... '" 

OHIO STATEWIDE LAND USE INVENTORY 
TRAINING AREA FORM 

MAIL TO: OHIO DEPARTMENT OF ECONOMIC AND 
COMMUNITY DEVELOPMENT 
P.O. BOX 1001, COLUMBUS, OHIO 43216 

LANDSAT SCENE 10 8188 . 15300 TRACK---L-SCENE~ DATE..lJ AI 75 

. LAND USE CLASS URBAN/BUILT UP (LEVEL) 1 LANOCOVER_~C::.::O~M:.:..:;·M~E~R~C:.:.:IA;;:.:L=--______ _ 

APPROXIMATE' N 40: 50', USGS QUAD WOOSTER (DATE) 1961 
LOCATION ) W 81 57', . 

NW CORNER LOCATIONOF CCT DATA STRIP -L.SAMPLES 750 LINES 600 

t 

COORDINATES ~ N 40° 45' 00" 
LOWER RI~HT) W- 81° 52'-: 30" 

45 20 

NEAREST 
UTM 

~~=------. 

NEAREST 
UTM 

, , 

TRAINER, _________________________________________ __ 

ORGANIZATION, ___________________________ _ 
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U.S. GEOLOGICAL SURVEY 
LAND USE AND LAND COVER CLASSIFICATION SYSTEM FOR 

USE WITH REMOTE SENSOR DATA 

" 
\ 

LEVEL I 

1 Urban or Built-up Land 

2 Agricultural Land 

3 Rangeland 

4 Forest Land 

5 Water 

6 Wetland 

7- Barren Land 

2 - 87 

LEVEL II 

11 Residential 
12 Commercial and Services 
13 Industrial 

.21 Cropland and Pasture 
22 Orchards, Groves, Vineyards, 

Nurseries, and Ornamental 
Horticultural Areas 

23 Confined Feeding Operations 
24 Other Agricultural Land 

31 Herbaceous Rangeland 
32 Shrub and Brush Rangeland 
33 Mixed Rangeland 

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

Water 

62 Nonforested Wetland 

72 Beaches 
73 Sandy Areas Other than Beaches 
74 Bare Exposed Rock 
75 Strip Mines, Quarries, 'and Gravel 

Pits 
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INTRODUCTION 

lh1s report is the final report relating to the merging o.f LANDSAT 
and Socio-Ecnomic data in an Allocation Model. The general purpose 
o.f thi s research is to defi ne a set of 1 and use models re 1 ati ng 
socio-ecnomic characteristics to change in land use as measured by 
tax information and interpretatiors of LANDSAT data provided to the 
State of Ohio through the statewide Land Use Inventory portion of 
thi s contract. 

Specifically, this project has: 

1) Reviewed the current state-of-the-art in land use modeling. 
2) Reviewed and assembled available data for the land use 

modeling effort in Ohio. 

3) Reviewed the potential for using LANDSAT statelite imagery 
for land use study. 

4) Formulated a set of models relating to tax base in Ohio 
counties by type of use (residential, industrial, commercial, 
agricultural) to population, employment and agricultural 
production. 

S) Prepared data, through aerial photo interpretation, to test 
the reliability of the LANDSAT interpretations for Ohio for 
use in a similar modeling framevlOrk. 

6) Performed error testing of the LANDSAT data using informa­
tion in Step 5. 

7) Tested LANDSAT based land-use models for Ohio counties. 
8) Provided a computer program and documentation for all 

models whose reliability was found acceptable. 
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Some of these tasks were performed during Phase I and Phase II of the 
1 

project, and were summari zed in detail in previ ous reports. The resul ts 

of these portions of the work will be summarized in the present report 

but not given in as great detail. 

The remaining results are presented here for the first time. 

Chapter I summarizes the activi'ties and results of Phase I. This includes 

the initial set of socio-economic data, and the models relating tax base 

data as a proxy for land use to the socio-economic variables. 

Chapter II provides a summary of Phase II. This includes details of the agri'­

cultural sector models, and the method of collection of data' for the final 

phase. 

Chapter III of this report detai~s computer models which w~re derived and pro­

vides detailed documentation of these models. The erroranalysis of LANDSAT 
• 

data is presented, along with the results of the analysis of LANDSAT land 

cover data as an input to land use modeling in Chapter IV. The LANDSAT data 

analysis has provided the opportunity for the creation of a rather generali­

zed procedure which may be used to predict the results of modeling efforts 

using the various interpretation system results. The potential importance is 

in the evaluation of interpretation systems as to their readiness for use in 

modeling efforts involving socio-economic data. 

1 
The Ohio Land Allocation Model: Report on Phase I by Oscar Fisch and 

Steven Gordon and The Ohio Land Allocation Model: Report on Phase II 
by Oscar Fisch and Steven Gordon. 
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CHAPTER III - I 

SUMMARY OF PHASE I 

~ number of activities were undertaken for Phase I of the project. The 

first task was to review models of land use change developed for other 

areas. This was necessary in order t~ take advantage of the experiences 

of other researchers and to put the current modeling effort into perspec­

tive. These models are reviewed in the first section of this report. 

Given an overview of land use models, the second major task was to review 

the data available for the current modeling effort. A number of data sources 

have been assessed thus far. These include data from the State Board of Tax 

Appeals on land par~els and assessed value in various land categories, cens~s 

information, employment data, and land use information. Each of these data 

sources was reviewed in various parts of the report with regard to the qua­

lity, comparability, and usefulness of the data in the modeling effort. 

Next, a review was made of the potential use,s of LANDSAT statelite imagery 

in land use study. Past attempts to utilize these data were presented. The 

possible uses of the c;tata in Ohio were reviewed along with some of the pot­

ential problems associated with lAsing it in a modeling effort. 

Land Use Modeling- A number of conclusions were drawn in Phase I with 

regard to the problems associated with past efforts at land use modeling. 

Foremost among these is a lack of understanding of the process of land con­

version. Modeling efforts have had to depend on subjective decisions relating 
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to the amount of land conversion associated with the growth of industry 
and population. A large error is therefore introduced into the modeling 
process. For this reason, any future research should first identify the 
scale and nature of the land conversion p'rocess before proceeding to allo­
cate actual changes in use to particular areas. 

Another common defect of land conversion models is their failure to consi-
der the complex competition among land uses in urbanizing areas. All the 
mOdels allocate changes to different uses sequential1, without regard t? 
the interrelationships among uses. It remains impossible to completely. 
model the complex land system. However, an effort must be made to asses the 
interconnections among land uses in the conversion process in several types 
of urban and rural areas. 

The final, and perhaps most critical, problem associated with land use mode­
ling is the .very poor data base available for most areas. Each of the studie~ 
cited in Phase I notes problems with the modeling process associated speci­
fically with the limitations of the data. These problems range from the lack 
of information of land use over time to problems with data on land value, 
population, land quality, and other socio economic variables. 

Land Use Data in Ohio 

Given the major problems associated with data on land use cited in other 
studies, the fi rst task of the present research effort was to undertake an . 
inventory of land use data in Ohio. In order for a predictive model of land 
use change to be formulated, a consistent data base must be compiled. Such 
a data base must be accurate, have the same land use categories, and must 
be compiled for most than one date. 
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Unfortunately, traditional land use inventories performed as a portion of 

~ the comprehensive planing process vary greatly in their accuracy, consistency, 

and frequency. Nevertheless, these are generally the only source of land use 

data available for a modeling effort. A review of all the comprehensive plans 

undertaken in Ohio showed that the land use data base in indeed poor. Table 1 

summarizes the results of this survey. 

As can been seen from the table, a large number of counties have no land use 

data available. Thirty-three counties are included in this category. bf the 

remaining counties, eight counties have land use information in map form only. 

The other counties have data complied on the acreage devoted to particular . . 
land uses in at least five categor'ies - agricu1tyra1, residential, commercial, 

industrial, undeveloped. Only five counties have data available in more than 

one year or from more than one source. One can see the wide variation in the 

time distribution of these data. 

It ; s evi dent from thi s revi ew that 1 and use i nventori es are not an adequate' 

data base from whi ch to deri ve a model of 1 and use change. It is for thi s 

that LANDSAT statelite imagery is being considered for this purpose. The 

characteristics of this data base is given below. 

LANDSAT Data Review 

One potential answer to the unavailability of land use data is the use of 

LANDSAT (Land Satellite) imagery of land cover. This data has been util­

ized for several types of land use studies and its advantages and disadvan­

tages have been delineated. According to one study, 

The advantages are: 
1. High speed processing 
2. Frequently obtained new data 
3. Unbiased and uniformly repetitive classification 
4. Production of print-out maps at .. a large map scale 

at relatively low cost (once the system becomes operational) 
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TABLE 1 

Land Use Inventories Available For Ohio Counties 

County Name Land Use Data* Date County Name Land Use Data* Date 

kdams No data Licking No data 
Allen Acreage data Logan Acreage data 1968 
Ashland Map only 

1965 
1972 
1971 
1969 

Lorain Acreage data 1957,1963 
kshtabu1a Acreage data 
Athens Acreage data 
Aug1aize No data 
Belmont No data 
Brown No data 
Butler Acreage data 
Carroll Unavailable 
Champaign Acreage data 
Clark No data 
Clermont Acreage data 
Clinton No data 
Columbiana ~iap only 
Coshocton Acreage data 
Crawford Acreage data 
Cuyahoga Acreage data 
Darke Acreage data 
Defiance No data 
Delaware Acreage data 
Erie Acreage data 
Fairfield Acreage data 
Fayette Acreage data 
Franklin** Map only 
Fulton Acreage data 
Gallia Acreage data 
Geauga Acreage data 
Greene Acreage data 
Guernsey Acreage data 
Hamilton** Acreage data 
Hancock Acreage data 
Hardin No data 
Harrison Acreage data 
Henry Unavailable 
Highland No data 
Hocking Acreage data 
Holmes Acreage data 
Huron No data 
Jackson Acreage data 
Jefferson No data 
Knox Acreage data 
Lake Acreage data 
Lawrence Acreage data 

1965 

1968 

1965 

1967 
1968 
1971 

1959,1971 
1965 

1969 
1969 
1,973 
1964 
1964 
1970 
1972 

1962,1970 
1965 
1964 
1965 
1962 

1968 

1966 
1969 

1966 

1972 
1957 
1971 

Lucas 
Madison 
Mahoning 
Marion 
Medina 
Meigs 
Mercer 
Miami 
Monroe 
Montgomery 
Morgan 
Morrow 
Muskingum 
Noble 
Ottawa 
Paulding 
Perry 
Pickaway 
Pike 
Portage 
Preble 
Putnam 
Richland 
Ross 
Sandusky 
IScioto 
Seneca 
Shelby 
Stark** 
Summit 
Trumbull 
Tuscarawas 
Union 
Van Wert 
Vinton 
Warren 
Washington 

, Wayne 
Williams 
Wood 
~vyandot 

Acreage data 
No data 
Acreage data 
Map only 
Acreage data 
Acreage 
Acreage 
Acreage 
Acreage 
Acreage 
No data 
No data 
No data 
No data 
Acreage 
No data 
Hap only 
No data 
No data 
Acreage 
Acreage 
No data 
No data 
No data 
Acreage 
No data 
No data 
No data 
Acreage 
Acreage 
Acreage 
No data 
'Acreage 
No data 
Acreage 
A~reage 

No data 
No data 
Acreage 
Acreage 
No data 

* Data may be available compiled in statistical format (acreage type),. 
in the form of a map, or unavailable. 

** Data available from other sources. 
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~ , ' 5. The inherent digitizing of land-use data retrieyable 
in virtually any fonn or combinations of forms •. 

As this list of advantages states, the major benefit of LANDSAT imagery 

'is its repeatibility in time and space and compatibility with computer 

processing:.The ERTS-l satellite passes over the United States with a fre­

quency of once in eighteen days. The cost of compiling and interpreting 

the LANDSAT data available on computer compatible tapes (CCTls) compares 

favorably with the cost of com~ential ae.rial ph'otography.2 Interpretation 

of land cover is accomplished through the classification of picture ele-

ments or pixels based on multispectral data. The data on four bands of the 

spectrum available from the LANDSAT satellite is first grouped using cluster 

analYSis. This defines groups of pixels with similar spectural signatures. 

Then, through the identification of areas of known land use, each spectral 

signatures is assigned a land use category. All pixels with spectral sig~ 

natures. within a statiscally acceptable range of these values are tabulated 

with the equivalent land use. Since the data is handled, analyzed, and stored 

on the computer, convenient mainpulation for use in many situations is possible. 

The question which must be answered with regard to the current project js 

whether or not and in what way LANDSAT data can be utilized to model land 

use change in Ohio. 

Several studies give an indication of the potential uses of, and problems 

with these data. Joyce illustrates several examples of the use of ERTS data 

in land use studies one of which recorded land use changes around Washington, 

D.C.~ In addition, Joyce points out the need to tie ERTS land use data to 

other socioeconomic data bases. 
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\~ray summarizes several project which seek to combine ERTS data, high altitude 

photography, and socioeconomic data bases. 4 One major project entitled the 

"Census Cities" 'Project will tie ERTS observations with data from the 1970 

Census of Popu1aiton for several major metropolitan areas in th U.S. This 

information will be uti]ized to help monitior areas in these urban areas and 

should serve to aid planners in the delineation and control of urban growth. 

These brief examples illustrate the great potential of ERTS imagery for the 

study of 1 and use, At the present time, however, s'uch studies are not without 

their technical problems. As Ellefson et a1. point out above this data: 

The disadvantages are: 
1. The inability of the system to discriminate with con­

sistent success between fun'ctionally dissimilar but 
spectrally similar land uses. 

2. The impossibility of detecting parcel ownership. 
3. Generalization be resolution element: at 80 meter 

resolution the complexity of the urban landscape 
cannot be shown fully. . 

4. Identi fi cati ons dependent on vegetati on vary seasona.l1y. 
5. Uncontrollable incidence of cloud cover. 5 

In a study using conventional interpretation methods which satellite data, 
" r 

Vegas showed that II ••• it was found that although major categories are reas­

onably well defined from ERTS, a significant number of lesser features were 

incorrect ly i denti fi ed or uni denti fi ab 1 e. "6 

He goes on to say that 

Therefore, only cells that fall upon a uniform, homogeneous area will give 
representative readings. In essence, for ERTS data, any target area of less 
than 79 meters (260 feet) in diameter cannot give a true representation i9 
its recorded signal but is averaged with the adjacent cell automatically. 

The higest proportion of errord were found in urban areas. It is for this 

reason that Ohio-Kentucky-Indiana Regional Council of Governments found that 
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to the detailed land use categorization requirements of this agency, LANDSAT 

data had to be supplemented with aerial photo interpretation and field checks. 

It is also for these reasons that Wiedel and Kleckner recommend prior ground 

reconnaissance and follow-up field checks and air photo checks for detailed 

land use studies using ERTS data. 9 Other studies using computer interpretation 

of ERTS data have found similar problems. 10 Certain rural and urban uses with 

similar spectura1 signatures were not distinguished from one another. 

Several methods of dealing with these misc1assification problems are currently 

being developed. One group of researchers has found that utilization of data 

from two. contrasting seasons substantially reduces the errors in identification 

between urban and rural categories. 1l Another study has geographically sub­

divided the urban and rural areas automatically programmed two sets of allo­

wable ca~egories.12 These and ot~er techniques currently being. studied promise 

to improve the accuracy of LANDSAT interpretation. 

One additional technical problem witlJ the utilization of ERTS data is related 
.1 

to the overlay of satellite images for two different years. Due to the distor­

tion of the original data pixels and the subsaquent rescanning, readjustment, 

and reclassification, an error in the range of + 1 pixels in ground orentation 

may result. 13 

Thus, there are two major types of errors which occur with LANDSAT data, errors 

which are due to misaligment (hereafter called Error 1) and errors due to.mis­

classification (hereafter called Error 2). Although ERTS data offers may pot­

ential advantages, it is unclear whether or not these errors would allow one 

to formulate a reliable, predictive model of land use change. The first pri­

ority in the study of land use with ERTS data in Ohio must therefore be a 

characterization of the order of magnitude of each these errors. A quanti-
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fication of these errors will delineate the overall reliability of these 
t.... data and will also serve to indicate where improvement in the techniques 

related to LANDSAT data analysis are required. The use of LANDSAT in the 
formulation of predictive land use models must await the quantification of 
these errors. A major goal of this project is~ therefore, to quant~fy 
Error 1 and Error 2. This was a major focus of the final phase of this 
project. 
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A Standard Set of Land Categories 

A number of alternative land use classification schemes are possible. Before 

procedding to study land use change in Ohio, it is important to establish a 

standard set of land use categories. One such set has be~n suggested by the 

. U.S. Geological Survey.24 

The U.S.G.S. proposes nine "Level I" categories for use with remote sensor data. 

These are: 

(1) Urban and Built-up Land 

(2) Agr; cul tura 1 Land 

(3) Rangel and 

( 4) Forest Land 

(5) Water 

(6) Nonforested Land 

(7) Barren Land 

( 8) Tundra 

(9) Permanent Snow and Icefiel ds. 

The~:e categori es may futher be 5ubdivided into more specific "Level II" cate-

gories. For the purposes of the present study, the only Level I category for 

whi ch a fi ner br.eakdown is requi red is II urban and buil t-up 1 and". Changes 

within other categories to be used, if available, are: 

Urban and Build-up Land 

(1) Residenttal 

(2) Commerci al 

( 3) Indus t ri a 1 

(4) Extracti ve 

(S) Major Transporation, Communication, and Utility Corridors 

3-11 

" 

.I 

1 
) 



" 

I 
t • f: 
i 

(6) Institutional 

'l;. (7) M'lxed Urban (urban uses not resolvable) 

(8) Open Spaces and Other Urban 

.. - __ v;- -" .. -

Al so, maj or di scernable patterns of development (e. g. stri p and cl ustered) wi 11 

be analyzed. 

As previously discussed it will not be possible to accurately determine all of 

these categories from LANDSAT. Therefore, large scale (i.e., high resolution) 

aerial photography will be utilized to augment LANDSAT data in order to obtain 

a finer level of land use categories. The minimum urban categories which will 

be exarcted from aeri al photographs are: 

Res i denti a 1 

Commerci al 

* Industri al 

Major Transporation. Communication, and Utility Corridors 

Undeveloped. 

Data on these .categories should prove adequate for all tasks undertaken in 

Phase II of this project. 

3-12 

,. 

'....:.. , 
:f , 
.' ., 

'~ 

1~5 
. - ~ .,......,.., •.. .., " .. , ~ - T,. -,I 

"''':'''''_ -:: r".-._ ~' ...... ~.: ....... ~J.~:,iIiI'IIiIt:~"-.l.... •• ----.:... ........... ~ 



" 

1 
~, 

- ~,"JiiiI""""~~~~~""I'._. """_" ----__ 

.- ... ~ 

THE LAND CONVERSION MODELS 

The land use models derived in Phase I include models of tax assessed value 

in the residential, commercial, and industrial land use categories and the 

n~mber of tax parcels in each of these categories the data which were input 

for these models are discussed below following which the' statistical results 

of the modeling effort are given. 

The quality of l~nd use information in Ohio has already been reviewed above. 

Given the poor quality of such data qn attempt was made to find other sources 

of related information in tax records. The first major source of such data 

which was reviewed are. data available from the State Board of Tax Appeals. 

One advantage to utilizing these data are their continuous availability over 

time. Data on assessed value fqr land and.~uildings are available for all 88 

Ohio counties in five categories - residential, commercial, industrial, agri­

cultural, and mining. A model constructed from such data would be an indirect 

indicator of changes in land use over time. A side benefit of such a: model is 

the potential prediction of tax base changes over time. Thus~ these data from 

1962,1967; 1972, 1974, and 1975 were collected, coded and placed on computer 

tape. The analysis of these data are discussed below in the section on Model 2. 

Another subset of tax data are available on parcels in each of the ·above use 

categories. Agricultural acreage is also given. The number of parcels are pot­

entially mo~e directly translatable into actual acreages. Unfortunately, these 

data are only available from 1967 on for 36 counties in Ohio. These counties 

are shown in Figure 1. These data have been coded, 
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FIGURE I. 

MAP OF 36 COUNTIES WITH 
TAX PARCEL DATA AVAILABLE 

• 
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punched, and placed on computer tape. Their analysis is given under the 

discussion for Modell. 

Given this set of tax data, an effort was made to establish whether or not 

parcel data could be translated into actual land use categories. It was thought 

that a sample of parcel sizes could be taken in each county. This would give a 

mean distribution of sizes which could then be applied to the parcel data to 

transform it into actual acreages. Thus, an investigation was made of the man­

ner in which data on tax parcels is' stored by county tax authorities. It was 

found that simp1ing of the tax records could give an indication of actual ac­

reage in each tax category. A sampling program for th:ree counties in Ohio was 

carried out du~ing Phase II of the project and is summarized in Chapter II., 

One idiosyncrasy of the tax board data is the categorization of land uses. For 

tax purposes, a resi,dentia1 parcel is only one with fewer than six units. All 

other, larger residential units are classifieq as commercial. Again, an inves­

tigation was made into potential methods of subdividing the commercial category 

and residential components. One source of information investigated was census 

data on multiple housing units. It was found that the census categorizes mul­

tiple units of five or more. This of course, does not correspond to the. six or 

more. This of course, does not correspond to the six or more categorizations 

made for tax purposes. Similarly, building inspections are carried out for 

buildings with four or more units making use of this data impossible. Thus, the 

tax data had to be utilized in the models in their present, unadjusted format. 

The next major data base investigated was census materials. The Censuses of 

Business, Retail Tr'ade, Wholesale Trade, and Manufacturers were carried out in 

1967 and 1972. Data included employment and output by industry by county. Here, 

it was founCt that due to rules on disclosure on information,' 
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many pieces of data were missing, even at two digit SIC code leve'J for coun­

ties. THis makes utilization of this data base very difficult. 

Another census related data source which has been investigated is County Busi­

ness Patterns. This publication is annual and presents data on employment by 

industry by county. Although there is less missing data, the problem with County 

Business Patterns is that the most current information is for 1973. 

Thus, the next source of economi c da~a i nvesti gated was information on employees 

covered by unemployment insurance available from the Ohio Bureau of Employment 

Services. The major advantages of these data is their availability on an annual 

basis through 1975. This represents the most current set of information. Corres­

pondence between covered and non-covered employees is 990d except for government 

workers. This is illustrated by Table 2. 

These data have been assembled for 1962, 1967, 1972, '1973, 1974 and 1975. 

Coupled with 1972 and 1973, estimates of population by the Bureau of the Census, 

this information has been used to assemble an economic profile of Ohio. In this 

way, 'one can see those areas where the most 1 and use changes are probably occu­

rring. Tables 3 to 7 summarize the analysis of these data. Counties were ranked 

based on the changes in total employment, employment in each category, population, 

and overall change for the period in question. 

These tables illustrate a number of trends in Ohio's economy and population. 

First, one cna see that. the largest amount of growth is concentrated in and around 

the largest SMS.A's - Cleveland, Columbus, Cincinnati and Toledo'. 

Two counties, Cuyahga and Hamilton, had large gains in employment and small 

gains in population. In constrast, surrounding counties experienced a large 

f~' amount of population growth. This illustrates the effect of commuting and 
" , 

suburbanization. Finally, it should be noted that service, financial t and 

trade employment, the non-basic industries, were the largest gainers in the 
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TABLE 2 

Difference between Covered Employment and Total Employment in Ohio, 1973.a 
, 
Employment (1000's) 

Sector Total Covered Difference % Oi ffe ren ce 

Total 4112 3503 609 14.8 

Mining 23 23 0 0 

Contract 
. Construct; on 167 168 -1 -0.6 . 
Manufacturi n9 1422 1424 -2 -0. 1 

Transp. & Uti 1. 224 190 34 15.2 

Wholesale 
& Retail 857 853 4 0.5 

Finance 174 168 6 3.4 

Servi ces 648 553 95 14.7 

Government 596 115 481 80.7 

Total wlo Govt. 3516 3388 128 3.6 

AEmp10yment covered by unemployment insurance. Data from Ohio Bureau of 

Employment Services, 1973. Total employment data from the Statistical Abstract 

of the United States, U.S. Dept. Commerce, Bureau of the Census, Table 565, 

p. 346. 
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TOT -72 

TOT-74 

DEL-TOT 

POP-72 

POP-73 

DEL-POP 

EOl-72 

EOl-74 

DEL-Ol 

E02-72 

E02-74 

DEL-02 

E03-72 

E03-74 

DEL-03 

E04-72 

E04-74 

DEL-04 

TABLE 3 

ECONOMIC PROFILE OF OHIO: 

VARIABLE NAMES 

1972 

1974 

Change in 

1972 

1973 

Change in 

1972 

TOTAL EMPLOYMENT 

POPULATION 

1974 MINING EMPLOYMENT 

Change in 

1972 

1974 

Change in 

1972 

1974 

Change in 

1972 

1974 

Change in 

CONTRACT CONSTRUCTION 
EMPLOYMENT 

MANUFACTURING 
EMPLOYMENT 

TRANSPORATION & 
UTILITIES 

EMPLOYMENT 

'.' 

f"'I' ~~ 
-1 
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EOS-72 

EOS-74 

DEL-OS 

E06-72 

E06-74 

DEL-06 

E07-72 

E07-74 

DEL-07 

TABLE 3 (Continued) 

ECONOMIC PROFILE OF OHIO: 
. 
VARIABLE NAMES 

1972 

1974 

Change in 

1972 

1974 

Change in 

1972 

1974 

Change in 
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WHOLESALE & RETAIL 
TRADE EMPLOYMENT 

FIrIANCE t INSURANCE 
AND REAL ESTATE 

EMPLOYMENT 

SERVICES 
EMPLOYMENT 
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TABLE 4 

SUMMARY stATISTICS, ECONOMIC PROFILE OF OHIO 

S TAT 1ST I tAL ANALYSIS S Y 5 T f " 

VAItIABLE N HEAN 5T ANOARD DEV VARIANCE SUM CORREC TEO 55 LOll 

~-'l> 
(-

... .J 
~~ 
~~ 
~~ 
\.,(. tI) 
I: 

HIGH t.v. ~ 
-TOT:T:r--'~"'7~-A~~72'7r-!r&"'798.61Tl-15 0.79lt5190 10 330-.i060;0600------O:-6860120--12 1360.0(rjiooo-~38"'27.00000 231>.29'-
EOl_72 88 252.181818 530.302051 0.2812200 06 22192.0000 0.2446620 08 1.000000 335 .... 00000 210.286 
E02 72 88 1737.363636 4078.411242 0.16h3340 08 152888.0000 0.1447110 10 19.000000 25208.00000 134.147 
-~~::72 ae ~-2t'-7:~i59()q--32'f()b~92it40-o;r682a70-10--"343515~OOOO--O~q4?'0930 H 365.000000-'238566:00000--- ZI5~S"'0 

E04 72 ee 2116.875000 5755.715236 0.3312830 08 186285.0000 0.2882160 10 59.000000 42307.00000 211.891 
E05 -72 88 9189.659091 23120.683325 0.5345660 09 808690.0000 0.4650720 11 187.000000 167919.0:"000 2S1.595 

-t"(j6~72 !i~3b.917273--55b?15R768·-o;-36'137hO 08 161654.0000- 0.2691570 io·-----40.000000 .-- 18~t.O~,)OOlJlf-- 102.799 
E07_72 ~8 5901.295455 15722.840115 0.2472080 09 519314.0000 0.2150710 II 61.000000 113418.00000 266 .... 10 
~08 72 BB 1172.4431a2 3414.43322 0 0.116~840 08 103175.0000 0.1014280 10 41.000aoo 29460.UO~00 291.224 

-TOT:::74 er--43S8i,.~18182-[M926:0b!l496--0:101B610·11 -3835464.0006 --0.e861tlBO 12 Isis.oooooo ·7290li8.00lJOO· ----- 231.5t.2 
Eul_74 6S 27u.500000 S4h.232509 0.2983700 06 23604.0000 0.2595620 OS 1.000000 3534.0UUOO 201.914 
E0274 B6 1BI4.231)6:;6 40'l4.fl5!150J2 0.167h7':10 011 159653.0000 0.14511flOO 10 30.(100000 271~0 •• )OuuO 225.701 

"1'03-74 lIe-rj,0t>0~'I6590':l-~3I1i13.7Q'I296--0.114:l1iO 10--11,13365.0000 0. 0 966570 11 .... 1.00uOOO 24622~.00UUO 210.970 
E04-74 88 211l0.212727 5761.85Q242 0.33429'10 08 10 18".,.0000 0.2'1(")400 10 6b.000000 427~2.1l0(,00 265.19() 
EO 5:::14 68 '183~.761364._~4S0b.16256~_O~6005520 09 865107.0000 ____ 0.52741100 lL __ ~06.000000 17b717.{)000u ?49.280. 
·Ef.ib_"T4 ar-1943.215909 57!10.1116449 0.3341750 08 171003.0000 0.2907320 10 42.()OOOOO 3':1358.001100 297."8b. 
E1l7_14 eo 6502.6r1811! 17241.6251198 0.2974810 09 572236.0000 0.25'1801l0 11 72.000000 12431\8.';0000 265.239 
E08_74 88 1,1166.647727 10496.R8110b 0.1101850 09 42826~.OOOO 0.95A6~50 10 322.000000 70~03.00LOO 215.690 

- POP _72---0f(-U1S45 .454545-232327 .07b670----0~53Q75qO 1l-f07?2400.0000 - ·'0.4695900 11 10000.000000· 16701GO.UOf}OO 190.674 
1'0"_73 AB 1220119.772727 230214.'116101 0.52(N3'10 11 10743900.0000 0.4610'100 11 10200.000000 1645300.uOOOO 181S.5b'2 
DEL. OS 8R 3b94.2045~~ 8006.0'le631 0.61,11040 OR 325090.0000 0.5511610 10 277.000000 bOOuZ.OOuOO 216.~42 

- flF.l=:l'Or-l\ij--- 231u .3116:F-4 --- -43'/7.262645 -·-·0.19335'HI 08 -- 203314.0000 0.1 bR2220 10 . 2.000000 30b,9.uOOou 1'111.326 
oEL_POP Illl 244.31filb;> 32.,1.22/.013 0.1074020 08 21500.(.000 0.<1343970 09 -241l00.00:.100 'it.,w.oc,uuO 131,1.375 
OEL_Ol e8 11l.31!llN~ 110.765964 0.122735005 1612.0000 0.10b7i\00 07 -260.000000 6M.00000 604.181 
flH_02 Se----16.87:;OOO---3'H.947006 ---·0.153t>220 06 6765.00no 0.1336520 01' -2085.0000uo 1912.uOOOU 50".850 
nEL_03 88 793.750000 1511.995258 0.2296130 07 69"50.0000 O.191l8930 09 -4243.000000 828t.OOOuo 190.408 
OEL_04 88 f,3.397727 157.070636 0.24671:>1) 05 5579.0000 0.2146390 07 -716.000000 b29.00,,00 247.7!>4 

·OeC:(i5 30 bl;1;1(j22n--149~~f\"'4!H2--0:22li570"01--·56417.oooo - -0.1941470 09---'-':'90.000000 -9013.00000---- 231.01Z-
OEL_06 80 10b.238636 266.6b2212 0.7110870 05 9349.0000 0.61Q64hO 07 -35.000000 21J!n.C10lJOU 251.003 
UEL 07 fl8 601. 1!lb364 t5~~~~327~~~~'.1-=--,!!!..._'!.! ___ 52922.00~Q.. __ 0. ?~?!2I,O_ 0" ____ -~.OOuOOO ___ !O,!7!l~0900Q __ ._ 255."4~ .. 
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TABLE 5 

COUNTY RANKS FOR EACH CHANGE VAAIA~LE 

DEL..DI 

I .lOANS 74.0 1.0 40.0 4.0 ..3J ___ ~".!) ___ ,JO .• .l!. ___ f!LQ ___ ~.«L----Z.43.0 
2 ALLEN 7.5 77.0 55.5 53.0 ~2 78.0 65.0 71.0 71.0 5bl.0 
3 ASt4LANO 38.5 34.0 b3.0 60.0 54 5(1.5 18.0 2.0 2b.O 3!.I.O _-=4 __ .:;:A.;S:;.:H~Ti:A::;!U:L~A=-____ ~I~0f.!.!~0c-__ -.!7c;'5c: • .:;0~ __ .,;.70=-",.!) ___ ~2~ __ 8..!L-. __ 't2 .• 5 't~.~ ___ 49,.o. ___ 60.~ !i1l!>.!S 
5 ATHfOlS 5.0 13.0 20.0 12.0 14 39.5 23.0 !!O.O 1".0 220.5 

·6 AUGLAIZE 64.0 51.0 20.0 54.5 51 8.0 54.5 11.5 50.0 396.5 
7 "H"'.:;.O~N,-!T~ ______ .. 12.0 19.0 8.i!!~ ___ ...?8.9, ____ 1 ___ 5_~.!> __ . _.36.<1.. ___ .50.5 ___ .57.o __ 146.5' 
8 !lAnwN 46.0 15~0 40.0 17.0 28 5.0 25.0 5.0 20.0 201.0 
9 BIJTLFR 116.0 711~0 51.0 77.0 76 85.0 '''.0 83.0 b9.0 683.0 

10 I:lRROLL 6.9.~5 ____ ?6!Q, ___ !6.!L ____ 2q.0. 2b. 26.0 4l.0 69.0 9.0_._ :U2.5 
17. C·HAMP.;'-iGN 64.0 11.0 40.0 35.0 21 24.0 :n.o 21.0 12.0 211.0 
12 CLAR!( 10~0 32.0 2oJ.0 1.0 10 80.·0 19.0 74.0 TO.5 331.5 
13 CLfRl'flNT 83.5 69.0 40.0 85.0 49 69.0 64.0 56.0 54.0 !i09.5 

,,;---cLINtON "b~O----44;O---40.0-----b6.0 61 30.0 34.0 7.0 3.0 331." 
15 COLIIMSJANA 64.0 74.0 131.0 63.0 79 42.5 72.0 60.0 44.0 579.5 
10 CC1SHOC.TON 3~!.'- 3<1.0 84.<1 ____ .... Q f.8 _____ 62.0 ___ .50.0 ~f!.0. __ 47.0 319.5 

-l-'--CPolWFORD 38.5 62.0 "0.0 30.0 15 .. 5.5 46.0 40.0 3'1.0 416.0 
18 ClIYolHOGA 1.0 8A.0 7.5 118.0 87 8440 87.0 AI>.O 1l8.0 61 b.5 
19 OlRK~ 64.0 4~!0. ____ l!R.'-,. ___ ?n.O ___ .42...... .51.0 21.5. 27.0 ..... , ... 61.0. 442.0 

-2C'---OEFIANC1: 211;5 3".0 "0.0 "'6.0 31 15.0 41.0 58.0 47.0 34".5 
:!l OELAWARE 82 • .0 58.0 70.0 19.0 56 61 • .0 13.0 61.5 45.0 531.5 
22 cl>lF. 38.5 63 • .0 24.0 59.0 44 9 • .0 74.0 62.0 7t..0 44".5 

-Z3---"'4t'<FteCD 79;5 5;;.'----30.0--61.0 "55 45.5 59.0 50.5 1>4.0 5.01.0 
24 F/I.V!·TTf 19.0 22.0 40.0 41.0 33 11.0 31.0 12.0 1".5 221.5 
25 FRANKLIN 79.5 96 • .0 n.o 1.0 77 81.0 88 • .0 81l.0 P7.0 bu".5 

2b FULHlN- 28:5 3a~0---40:0 74.0' 3:? 1>3.5-- 51..0-'--" 4Z.0 23.5- - 3<th!> 
27 GALLU 38.5 10.0 14 • .0 1J7.D 8 3.0 1>.0.0 4b.0 43.i) 36'1.5 
28 G~AUGA 711.0 56.5 51.0 13.0 69 53 • .0 . 45.0 11.5 (,0 • .0 ____ 442 • .0 
2~E·ENf 64.0 31;0 58:5 ;ff'-s 45 ·,.0---- 7.5------21~O'--4?.o 304.5 

30 GUER~SEY 28.5 59.0 1.0 61.0 73 19.0 54.5 3.5 63.0 362.6 
31 I1A"'ILTO~ 3.0 S7.0 40 • .0 2 • .0 88 ___ h_0 ___ 1H'_ • .L ____ .!!7 .. C ___ \l .... o __ ,,&u.O. 
32 I1t.NcilcK 50.0 54.0 6.0 1.0;.0 59 71.5 61.0 43.5 62.0 423.0 
33 HA'ICIN 46.0 46.0 11.0 72 • .0 64 28.0 3.0 31.0 22.0 321 • .0 
34 I1A'I1( ISDN 311.5 5.0 60.5 31 • .0 13 21.0 21.5 3S.0 1 • .0 22b.5 

-35--HENRY-'- 38.5 35~O---40.0---44.0 ... ---·29----70.D 43.0----25.5 31.0 3b2.0 
30 HIGHLAND 57.0 4.0 28 • .0 8.5 9 15 • .0 35.0 64.'5 !..5 226.5 

: 31 t-tOCI(ING 17.0 7.0 74.0 25.5 4 42.5 28 • .0 31.0 2!>.0 25 ... 0 
-j'e-HoL:'Ies 38;5 i9.0---7f1~O-:---4q.O 36 32.5 26.0 33.5 17.0 339.!> 

39 HURON 51.0 5l.0 4.0.0 47.0 63 37.5· 56 • .0 57.0 37.0 442.5 
o JACKSON 64.5 ,,?._0 ___ ~!! • .Q ___ l4~.o ____ I>,~ ___ ~9.5. ___ J7.0 ____ .14.5 ____ ll1.(1 ..... _ 2P.9.5 

,-I---JF.Fj'eifsoN 14';0 50.0 3.0 81.0 34 81.0 51.0 13.5 46.0 31;).5 
"2 KNOX 32.5 le.o 65.5 52 • .0 15 73.0 3.0 • .0 2'1 • .0 41.0 3~b.0 
,,3 LAK~ 83.5 !!4.0 12.0 41> • .0 !l4 71.5 113.0 75.0 60.0 619 • .0 

-';-"---LA-WkfNCE 11;;0 20-".o---io;0---51~if'----i7 66.0 38.0 37.5 4(j.0· 293.5 
45 LtCKING 28.5 60.0 7.5 51.0 46 50.5 15.0 64.5 12.0 461.0 
46 LOGAN 53.5 47.0 26.0 54.5 60 59.5 33 • .0 43.5 29.5 4116.5 

-t;1---r(fRAr'~ 85..0 83.0 60';5 82;0 e5---'19.0----8'C.0----73~D ---79.0 706.5 
4" LUCAS 1.5 81.0 72.0 "6 • .0 43 77 • .0 19.0 82.0 85.0 612.5 
49 MADISON 46.0 21.0 57.0 40.0 2!i 31 • .0 44.0 31.0 15.0 31i).0 

-So-ifAHOloltNG 14 • .0 SO.O 63.0 49;i'l 83'--' 52.0 '--70.5 1'1.0 81 • .0'-- - 570.5 
51 MARION 23.0 66.0 26 • .0 56.0 69 49.0 62.0 48.0 67.0 406.0 
52 MEDINA 87 • .0 73 • .0 22.0 76. 0 67 47 • .0 17.0 17.0 59.0 58!o.0 
-s3~I~'S' 59.5 45~O-~;0---24"0 19 8-3~O--4-.0---17-;:5---16;0--·355.0 
,54 ~ERC.ER 59.5 48.0 40.0 65.0 53 56.0 .48.0 61.5 33.0 4111.0 
·-~$._·"_-MfA~·L_· _. 64.0 76.0 2b.0 45.0 ._..!.L.. ___ . _4~o. , __ 61.~ __ 70~O -- -6'a,.D 495.0' 

:~ :~~{~~"ERY 5~:~ :~ :~:~. 2~:~ ---,r---l1!'~-- 8~:'~-'-- '!~:~---8t~- -~~:~ 
5(1 '40RGAN 14.0 2 83.0 15 • .0 11 25.0 5.0 8.5 7.0 11~.5 
!io MOI\ROW 53.5 12 54.0 3ft.Q. ____ . ~ ____ 23.0 ___ 27.0 ___ .. 72.0_ .. _.27.5, ... 313.0 
60 ".uSKINGIIM 23.0 49 8"';.0 4;.>.5 3'5 82 • .0 58.0 25.5 46.0 441.0 
61 NOElLE 28.5 14 20.0 27.0 30 6.0 . 6 • .0 12.0 21." 11 .... 5 
6
6

23 0pPU-LA'n~AI'NG 69.5 28 75.0 _83~Q. ____ , 5 __ ... _b7 .• _I;l, ___ ..?0.0 .. 40.0._ • 30.0 423.5 
~ 38.5 6 40.0 16.0 12 36.0 1.5 17.5 311.0 211.5 

64 Pl'lIqy 17.0 9 17.0 21.5 20 15.0 11.0 12.0 I".!> ;'>1>1.0 
6'5 PfCI(AWAY 5.0.0 2,. 40.0 11.0 111 12.5 39.0 11.5 ?'~.5 11.>1.5 

~---piKl; 23.0 11 40.0 '-19~O---- 2l ?13.0'---i3.0 40.0 8.0.) 205.1) 
67 P('I\UGE 76.0 72 70.0 23.0 70 63.5 61>.0 .. 3.5 1!j.0 !j"c,." 
6S P"F.8LE 16.0 21 40.0 37.0 3? _ 12.5 32.0 52.5 11.0 21.>".0 

"6"--P\J'fNAi4 19.0 16 53;0·--'39;6----- 22 11.0 29.0 36.0 11.0 24l.0 
1.0 RICHLAND 23.0 1 15.5 18.0 2 75.0 53.0 7<1.0 52.0 31'0.5 
11 R('SS 28.5 64 5.0 80.0 58 59.5 68 • .0 5?5 58.0 473.5 

-7Z---S II rWlfsKY 53.5-----23----2.0 34'.0 24 34.5 14.0 46.0 53.fI l"".to 
73 SCIOTO 10.0 43 40.0 19.0 40 54.0 57.0 54.0 55.0 312.0 
14 SE'N~CA 57.0 52 19.0 6.0 11 ___ ,~2.5 15.0 1>1.0 56.0 42".5 

-'f5---S'j.(FL~y 74;5 61 55:5·---68.0---'12 37.5 40 • .0 55.0 35.0 !>u7.0 
11> STAll I( 88.0 85 85.0 (14.0 86 81>.0 84.0 84.0 8l.0 7 ..... 0 
11 SU-4)11T 4.0 82 65.5 73.0 7'1 71>.0 81.0 1.0 84.0 (;44.5 
18 TRlI"I'!lULL 6.0 19 8(I;O---'7<}.C'------62 R8.0 82.0 '!l.0 711.0 ·Q3~.0 
10 TlISCARAWAS 14.0 61 61.!i 71.0 66 65.0 69.0 5q.(I 6!..() 6 .. :;.5 

·,..~o OP/ION 64.0 33 4.tl 69.0 SO 22.0 16 • .0 46.0 23.5 321.5 
:l l--ilAN'W~RT 46.0 40---40.0 --"'''9 • .0 47 19 • .0 40.0 63 • .0 3".0 3111.0 

4? VINTON 38.5 3 15.5 32.5 lR 34.5 9.0 10.0 5.5 It-!..!> 
83 W4RRFOI 6q.5 55 23.0 32.5 41 ___ .58.0' 63 • .0 ~.5 71.0 422.5 
84 w';S~iJNGfON 50.0 31 9;o---i5~0 51 42.5'---1 • .0 23.5 51.0 3".:i.o 
"5 WA'I'NE 72.0 71 61.5 62.0 74 74.0 24.0 61>.0 70.5 581.0 
!l6 WILLt""IS 38.5 1.0 51.0 8.5 Ib 28.0 41.0 21.0 27.!> <'41.5 -n WOOD 81.0 68 73;0---1,;.;0---- 21;---48~0---,b.0 71>.0 74.0 581.0 
88 W'1'lNOOT <.=-, •• ~~ 23.0 34 63.0 58.0 5<' 10 • .0 12.0 3'3.5 31.0 316.5 
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TABLE 6 

• 

COUNTIES RANKED BY lQ72 POPI/UTtON 

O!l$ 

" 
1 YJNTON Z.O 

7'""Z--'N08LF. ----.- -- ··t.O·-, 
3 "'"ItGAN 3.1'1 
4 MONROI.' 11.0 
5 -HAItRISON-----S;5 -
6 PAULDJNG 6.0 
., PJ!<E 5.0 
8 -.. FIGS·- 31.0-
9 ADAMS 14.0 

10 HnCKJNG 15.0 
--n--CADRnLC--' ---1;4.0 

12 WVANOOT 26.0 
13 MnRRO~ 15.0 

-'14-- HOU.FS - --,.-. :'11.0 
15 UNION 18.0 
16 FAVFTTE 10.0 

-l'p--GALLU- -.--. ·_-·····41.0 -
18 PFR'IY 16.a 
19 JACKSON 21.0 

-20-HF.NRY JOl.a 
21 BROWN 4.0 
22 MAOY SON 24.0 

--23--HYGttLANO----- 11.5 
24 VAN WFRT 45.0 
25 CHAMPAIGN 19.0 

-Z6'---CUNTO'I 29.0 
27 HARom 2?0 
2,. PUTNAM 13.0 

Zr-l'flLlU-M-S 12:'0'-
30 COSHOCTON 47.0 
31 FULTON 4B.O 

-32--PRE6LF. -·-----18~0 -
33 LOGAN 50.0 
34 ""RCER 63.0 

-'i~--OI'FHNCr 33.0 
36 OTTAWA 54.0 
j, SHELQY 6R.5 

3S--G!J!;RNSEY-----40.0 
39 AU~LArZE 49.0 
40 PJt~AWAY 11.0 

-4-1--KNOX' -------.. 3A.n 
42 ASHLANIl 36.n 
43 DelAWARE ?O.O 
Iti. DARK£'"- 56;5--' 
45 1H1I'ION 58.0 
46 CRAWFORO 51.0 

-"4'p--ATHENS·-------·,.0 .-
48 WA$HtNGTON 3?0 
49 LAWP,ENCE 22.0 

~-n--SrN!;r..i-----.. 55.0 
51 ROSS 64.0 
52 HANCOCK 53.0 

~--53--S·A1.jnt;Si(y 20:0' 
'54 GEAUGA ____ S.6..5_ 
. 55 '"ARIciN-''' 62.0 

.- 56 --·FAr-.~FfEi:O bll.S·" 
---51-- ERIE . 60.0 

SR TUSCARAWAS 80.0 
'59 SetOTO 43.0 

-bO--.MU5KI NGU .. ----5Q • 0-
61 '3fLMf'l'lT 35.0. 
62 WARREN 52.0 -b:r-- '1EOIN~ .. 78.0 
64 MlAMl 66.0 
65 WAVNE n.n 

66-- wono •.• - ·-·-----7Q.O· 
61 JfFFERSON 42.0 
68 CL"P.'10NT 14.0 

b9--'"ASHTARIlLA 6?0 
70 ALL EN 73. () 
?l COlU~BIANA 76.0 

72---UCKtNr.'"----61.0-
?1 G~~FNE i~.o 
74 pn~TAGE ?l.o 

'-75--R JCHLANO -----46.0 
16 CL4RK 30.0 
11 lAKf P4.n 

.. lS·---RUTLF.R &6.0 
79 TRUMBUll 85.0 
80 LORATN 87.0 

'-81---- MAHON!NG 15.0 
82 STARK e8.0 
~3 LUCAS ~2.0 

-e4--SLIMflIt--· n.o-
es MONTGOMERY 34.0 

. 8b f'tANI(LIN 81.0 
8~i'M! lTON bo;. 0 

liS: CltV AHOGA I\~. 0 
I ...... 

*Counties are sorted by their 
1972 population (column 1, OBS 
and NAHE). They are then ranked 
by the sum of total change in 
population and all employment 
categories given in Table 5 (Sm1) • 
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TABLE 7 

COUNTIES RAIIKED '!Y 1972 EMPLOYMENT 

.:L_ VINTON 2.0_ 
1 NORL,e 1.0 
3 "F.tI;S 3'1!.0 
4 CARROLL 44.0 --'--PAiiiOING----- 6.0-
6 ADAMS 14.0 
7 "OIlGAN 3.0 -8--"ri~Row-----2!1'.O-
9 BROWN 4.0 

10 PJI(F '5.0 
'l1--PF~RY --·i6.0-

12 HOLM!;S 31.0 
13 MADJS('~ 24.0 '-14-- '1UNROE ---.- .. - 11.0 

· 15 PRFP-l!:' 18.0 
16 HnCI(JNG 1'.0 
:-17--J~CKSON ------ 21.0 : 

lR WYANOOr 26.0 . 
19 PUTNA" 13.0 -2-0--FAVFTTF.· ------- -10.0 

· 21 HA~Rl'iON 8.5 
22 CHAMPAIGN 19.0 

~-2-3- Htr,tilAND ---- 11.5 
24 HARDIN 4'1.0 
25 mHOf>l 211.n 

'26 GAllU 41.0 
27 CLJNTON 29.0 

· 28 HENRV 39.0 29 V-AN-WERT -45.0-' 
30 lPGAN 50.0 
31 OTTAWA ~4.0 
~2----LAWR!;NCE 22.0-
• 3] CLERMONT 74.0 
: 34 PICKAWAY 17.0 
:35----nA~KE - 56.5-
: ]6 "f.I!CEII 6'J.0 
..)7 __ FUL TON 411.0 ' 

38 KtlOX ------38.0-
39 COSHOCTON' 47.0 

, 40 AlJGLAlZE 49.0 41--riITAWARE 70.0-
42 GEAIIGA '6. '5 
43 r GIJERNSI;Y 40.0 
~WJ[\.J~"S 12~O 

45 WARREN 52.0 
46 ATHFNS 7.0 I I.-.,--'fo$s' ';4~O-1 

! 411 DFFIANCF. 33.0 
49 AS'fLA"4D 36.0 

;SO--SIIElRY - 68.5 
, 51 HIJIlON ~8.0 
· 52 WASHINGTON 32.0 -'3---CR'AwFnRO------o;l.0 -

54 SCIOTO 43.n "!,-" SANDUSKY ~. ~-; 20'~O' '56 ... - -SELMQ,iT-- - ---- 3!17cf 
~7-' 'MeOINA 78.0 

58 GREENE 23.0 
5Q HANCOCI( 5~.O 
60 FAJRFJF"lC)'-----b8.5i 
61 SF"~CA 55.0 

,62 TIISCAqAWAS 60.0 
6-3--~ARIiJN .. --.---- 62.0 

61t MIISKINGU", 59.0 
65 C(1LtlIo''lJANA 7 .... 0 -bfj--· .... fAr'l· - ----- '66'.0--
67 JFFFEqSON 42.0 , 
68 ASHTABULA 67.0 69 wano . -----. 7q.0 
70 POR TAGE 71.0 
71 WAVN" 77.0 7Z-'ERIE -------, 60.0 
7~ LICKING 61.0 
.,4 ALLF.N 73.0 
~-CLARK - ---.---- ~O.O 

76 UK!: 1:14.0 
77 RICHLAND 46.0 

-i~---8iJTLE~------ A6.0 
79 LOllA1N 87.0 
80 TRUMBULL 85.0 '-ifl--'-MAHONIII!;'--- 75.0 . 
82 STARK SA.O 

. 113 LUCAS 82:0 elt---sii ..... i'r '7oz'-a: 
R5 MONTr,OMERY ~4.0, 
81t r;furlKLIN Bl. o· 87---li'AM II TON .... 5.0-:: 
A8 CUYAHOGA Q3.0 I '", 
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*Counties are sorted by their 
1972 employment (column 1, OBS 
and. NA}!E). They are then ranked 
by the sum of total change in 
population and all employment 
categories given in Table 5 (SUM). 
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urban counties. Based on this analysis, a sample of counties most representative of 

economic, population, and'use change in Ohio can be drawn for the modeling effort. 

One other data questi on whi ch must be di scussed is a method of projecti on for pop­

lation and employment which can be used as inputs for future use of the models deve­

loped in this study. One model which has been used extensively for this pu'rpose is the 

DEMOS model developed by Battelle. 

The model projects population and employment by county to 1985 with a 1970 base year .. 

The question remains whether this model is accurate enough to utilize as the basis for 

projections of land use change made with models developed in this accuracy is to test 

DEMOS projections for 1972 and 1974 against currently available data for these years. 

DEMOS projections have been made for all Ohio counties for these years in order to 

make this test. The test was made as a part of Phase II of this project and is 

gi ven as Appendi x A of the Phase II report. 
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General Approach to Land Conversion Modeling 

~ Given a data base with several types of land use, economic, population, and 

tax data, the approach which will be taken to define models of land use change 

in Ohio must be delineated. t~e may first define a set of land use change or 

tax change categories: 

Y; = land, category i; i = 1, 2, 3 ... n. 

These categories are defined by the nature of land use or tax information and 

may include residential, commercial, industrial, etc. 

We may also define a set of employment categories: 

X.= employment, category j; j - 1,2, 3 ... m.' J . 

Employment is used as the economic indicator because it appears to be the 

most readily available and complete data set. 

Changes in land use (or tax base) Y is then given as: 

Y;= fi (Yk 'f i, ~j) 

In thi s equati on" changes in 1 and use for category are expl ai ned by the 

endogenous variables Y not equal to i (all other land use changes) and all 

changes in employment. 

Not only will competition among uses and employment affect land use and tax 

structure .changes, but also the ab~olute size of a county's employment, popu­

lation, and land base will affect land conversion. They, we can define func­

tion 2: 

Where: 

Yi - f2 (Yk 'f i, X. z, A) 
VJ, 

Z = total employment or population in the base year 

A= total area of the county 
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Equation of this type can be defined using regression analysis. The ad­

vantage of this technique is the output of measures of reliability and statis-

tical accuracy for all resultant equations. 

In the sections below, results for all models are given. 

Model 1 - Tax Board Data, 36 Counties 

Regression equations were defined for the 36 counties with parcel information 

for 1967 and 1972. The variables list is given by Table 8. Tables 9 to 11 show 

the intercorrelations amongst the variables used in the analysis. Here it can 

be seen that many variables heavily intercorrelated. Thus, several variables 

were summed into combined indicators to eliminate redundan~y. This was done 

for household related employment (Tables 12 to 14 ). 

Tables 15 to 22 show the results of the regression analysis. In each table, the 

dependent variable is given on the top of the page in capitol letters. Then, the 

·t 'regression coefficients are given for the,' indicated. variables and years~ The F 

statistic of significance is given in parentheses after each beta coefficient. 

At the bottom of each section of the table are given the R2 statistic and the 

adjusted R2 ~ R2 (a). This indicates the amount of variance explained by each 

regression equation. The constant in each equation (c) is also given in the 

.tab1e. A better understanding of how to interpret each table is given on page 

32, Explanation of Tables. 

Model 2 - Tax Board Data, 88 Counties 

The second set of regressions were run with the assessed value of land and 

total assessed value for the 88 counti:es in Ohio, 1967, 1972, and 1967-1972. 
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TABLE ~ 

.LIST OF VARIABLES 

VAR001: COU TY INDEX U~BER 

VAR002: POPULATIO 1967 

VAR003: POPULATIO 1972 

VAR004: TOTAL EMPLOY ENT 1967 (EXCLUDED GOVERNMENT) 

VAROOS: MINING EMPLOY ENT 1967 

VAR006: CO STRUCTION E PLOYMENT 1967 

VAR007: MANUFACTURI G E PLOY E T 1967 

VAR008: TRANSPORTATION UTILITIES E PLOY E T 1967 

VAR009: WHOLESALE AND RETAIL EMPLOYMENT 1967 

VAR01 0: FINANCE INSURA CE EMPLOYME T 1967 

VAR01 1: SE RV ICE EMPLOYME T 1967 

VAR01 2: TOTAL E PLOYME T 1972 (EXCLU DED GOVERNME ~IT) 

VAR01 3: MINING E PLOYME T 1972 

VA 01 4: CO NSTRUCTION E PLOYMENT 1972 

VAR01 S: MANUFACTURING EMPLOYMENT 1972 

VA 16: T A SPORTATION UTI LITI ES EMPLOYMENT 1972 

VAR01 7: HOLESALE AND RETAIL EMPLOYMENT 1972 

R01 8: FINANCE INSURANCE E PLOYMENT 1972 

AR019: SERVICES EMPLOYME T 1972 

IND020: ASSESSED VALUE AGRICULTU RAL LAND 1967 

IND021: ASSESSED VALUE INDUSTRIAL LAN D 1967 

IND022: ASSESSED VALUE COM ERCIAL LAN D 195 7 

IND023: ASSESSED VALUE RESIDENTIAL LAN D 1967 

IND024: ASSESSED VALUE ALL TAXABLE LAND 1967 

IND025: ASSESSED VALUE AGRICULTURAL LAND 1972 
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TABLE 8 (Continued) 

I ' 

IND026: ASSESSED VALUE I DUSTRIAL LAND 1972 

IND027: ASSESSED VAL UE CO ERCIAL LAND 1972 

IND028: ASSESSED VALUE RESIDE TIAL LA 0 1972 

IND029: ASSESSED VALUE ALL TAXABLE LA 0 1972 

IND030: ASSESSED VALUE AGRICULTURE BUILDI GS 1967 

IND031: ASSESSED VALUE I DUSTRIAL BUILDI GS ' 1967 

IND032: ASSESSED VALUE Cot~ ERCIAL BU ILDI GS 1967 

IND033: ASSESSED VALUE RESIDE TIAL BU ILDIG S 1967 

IND034: ASSESSED VALUE ALL TAXABLE BU'ILDI GS 1967 

IND0 35: ASSESSED VALUE AGRICULTURE BUILDI GS 1972 

IND036: ASSESS ED VALUE I DUSTRIAL BUILDINGS 1972 

IND037: ASSESSED VAL UE COM ERCIAL BUILDI GS 1972 

IND038 : ASSESSED VALUE RESIDENTIAL BUILDIN GS 1972 

IND039: ASSESSED VALUE ALL TAXABLE BUILDINGS 1972 

IND060: TOTAL AG ASSESSED VALUE 1967 

IND061: TOTAL IND ASSESSED VALUE 1967 

IND062: TOTAL COMM ASSESSED VALUE 1967 

IND06 3: TOTAL RES ASSESSED VALUE 1967 

IND065: TOTAL AG ASSESSED VAL UE 1972 

IND066: TOTAL IND ASSESSED VALUE 1972 

IND06 7: TOTAL COMM ASSESSED VALUE 1972 

IND068: TOTAL RES ASSESSED VALUE 1972 

V002: DELTA POPULATION 1967-72 

V004: DELTA TOTAL EMPLOYMENi (EXCLUDED GOVER ME T) 1967-72 

VOOS: DELTA MINE EMPLOYMENT 1967-72 

V 06: DELTA CONSTRUCTION EMPLOYMENT 1.967-72 

V007: DELTA MANUFACTURING E.,1PLOYMENT 1967-72 
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TABLE 8 (Con 1nued) 
VOOS: DELTA TR SPORTATIO E LOY E T 1967 72 
V009 : DELTA HOLESALE-RETAIL E PLOY E T 1967-72 
V010 : DELTA FI A CE-I SURA CE E PLOY ENT 1967-72 
VOll : DELTA SERVICES E PLOY E T 1967-72 
V012 : DELTA HOUSEHOLD E PLOY ENT 1967- 72 
DAR012: HOUSEHOLD E PLOY ENT 1967 

DAR013: HOUSEHOLD E PLOYr~E T 1972 

1020 ~ DELTA AG L~ D VALUE 1967-72 

1021 : DELTA I D LA D' ASSESSED VALUE 1967-72 
1022 : DELTA COMM LA D ASSESSED VALUE 1967-72 
1023: DELTA RES LAND ASSESSED VALUE 1967-72 
1024: DELTA TOTAL LA 0 ASSESSED VALUE 1967-72 
1029: DELTA RES AND COMM LA D A-VALUE 1967-72 
1030: DELTA AG BUILDINGS ASSESSED VALUE 1967-72 
1031: DELTA I 0 BUILDINGS ASSESSED VALUE 1967-72 
1032: DELTA CO BUILDI GS ASSESSED VALUE 1967-72 
1033: DELTA RES BUILDI GS ASSESSED VALUE 1967-72 
1034 DELTA TOTAL BUILDINGS ASSESSED VALUE 1967-72 
1060: DELTA TOTAL AG ASSESSED VALUE 1967-72 
1061: DELTA TOTAL IND ASSESSED VALUE 1967-72 
1062 : DELTA TOTAL CO M ASSfSSED VALU 1967-72 
1063: DELTA TOTAL RES ASSESSED VAL UE 1967-72 
1069: DELTA RES AND COMM TOTAL A-VALUE 1967-72 
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€hanges in Urban land Assessed Values 1967-72 

Table 9 - Correlation Coefficients Among Change Variables 1967-72 

1021 
1022 
1023 

1021 
1.00000 

1022 
.89452 

1.00000 

-1023 
.88701 
.74707 

1.00000 

Table 10 ~ Correlation Coefficients of Change Variables with State Variables 1967 

1021 
1022 
1023 

VAR002 
.90904 
.84145 
.95904 

VAR004 
_.])2279 
.83399 
.96597 

VAR007 
.91420 
.80151 
.95885 

VAR008 
.91786 
.82698 
.96343 

VAR009 
.91407 
.84109 
.96550 

.VAR10 
.92421 
.88617 
.93449 

\lAR011 
.91996 
.86053 
.95986 

~ab1e11 - Correlation Coefficients of Change Variables with Change Variables 1967-72 

1021 
1022 
1023 

,Cases: 88 

V002 
-.66230 
-.31793 . 
-.73841 

V004 
.71660 
.-87747 
.70094 

V007 
-.81784 
-.61213 
-.91562 

All Coefficients Significance = 0.001 

L ,; ,t ..... "';, '1~ <'"""'if.r 1C't, 

'"" 

Y008 
.71611 
.86607 
.68426 

V009 
.81608 
.90241 
.82666 

'>'"'~ 

V010 
-.78282 
.86760 
.84528 

- ~ ,., 

VOll 

__ • "'· •• 1· 

-.89767 
.87179 
.94328 
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Aggregation of household oriented employment 

Table 12 Correlation Coefficients State Variables 1967 

VAR002 
VAR002 1 :.00000 
VAR008 
VAR009 
VAR010 
VAR011 

VAR008 
0.98379 
1.00000 

VAR009 
0.99333 
0.99373 
1.00000 

~VAR010 
0.96761 
0.97374 
-0.98129 
1.00000 

Table 13 Correlation Coefficients State Variables 1972 

VAR003 VAR016 VAR017 \!AR018 VAR003 1.00000 0.9826 0.9938 0.9677 VAR016 1.0000 0.9921 0.9710 VAR017 1.0000 0.9825 VAR018 1.0000 VAR019 

VAROll 
0.98997 
0.99052 
0.99833 
0.98779 
1.00000 

VAR019 
0.9919 
0.9899 
0.9989 
0.9865 
1.0000 

A 

, 
i 

) 

J 

, . 

Table 14 Correlation Coefficients Change Variables 1967-72 
V008 )/009 ,VOl 0 VOll V008 1.00000 0.92942 0.89463 0.85984 V009 1.00000 0.96902 0.95325 V010 1.00000 0 .. 94359 VOll 1.00000 

Cases: 88 
All Coefficients Significance = 0.001 
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Explanation of Regression-Model Tables (Tables 15-38) 

As indicated earlier, equations for the land conversion models can be defined 
~ 

by selected variables using regression analysis. Using Table 23 as an example, 

we can explain in more detail how one interprets each of the dependent variable, 

"assessed value of all taxable land for 1967 and 1972 11 • The dependent variable 

is' always labelled under the table number of each of the regression models. 

The regression-model table contains the results of ofur statistical r~gression 

analyses. The first analysis fs shown under the column' heading 11196711 which in­

dicates the year of the dependent variable. The independent variable for this 

analysis are shown on the left-hand margin. For Tabl~ 23 "196711 , the independent 

variables are VAR002 (1967 population), VAR007 (1967 manufacturing employment) 

and DAR012 (1967 household employment). The first set of numbers (i.e., 311.87, 

616.22, 706.34) represents the weight of each independent variable in the regre-

t ssion equation. The associated number in parentheses for each 'independent vari­

able is the F-statistic which indicates the statisca1 significance of each in­

dependent variable in the regression equation. The regression constant, C(103), 

is shown under the independent variables. Thus the regress.ion equation for 1967 

i n Tab 1 e 23 i s 

YIND029 = 3901.23X103 + 311.87 (VAR002) 

+ 616.22 (VAROO7) + 706.34 (DAR012) 

where: 

YIND029 = assessed value all taxable land, 

VAR002 = total population 1967, 

VAR007 = manufacturing employment 1967, 

DAR012 = household employment 1967. 

When this equation is applied to the 88 Ohio counties, 99.158% of the 

statistical variance in the model is explained, as indicated by the R2 value. 
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This example illustrates a highly predictive model. By adjusting the R2 for 
the sample size and the number of independent variables, 99.138% of the stat­
istical variance is explained, as indicated by the R2 (a) value. 

The results of this regression analysis (i .e. 1967 for Table 23) implies that 
if data exists for counties in Ohio in 1967 on total population and the two em­
ployment types ( manufacturing and household), one can predict greater than 99% 
of the time 1967 assessed value for all taxable land in the counties. Thus, the 
implication of the model is potential prediction of assessed value for all taxable 
land based on projected population and employment data. 

Similarly, the regression equations for the three additional models represented 
in Table 23 can be constructed. These additional models are (1) a simple 1967 
model with total population as the only independent variables, (2) a model for . , 
1972 asses~ed value of all taxable land with three independent variables, and (3) / 
a s.imple model for .i972 with .total population as the' only independent variable .. 

The interpretative procedure, as described above, may be applied similarly to the 
other regression-model tables presented in this report. 
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~AR002 

DAR012 

C 

Mean 

TABLE 15 

RESJDENTIAL PARCELS* 

,1967 

.38724 (72.54) 

-1. 02500 (12.52) 

2252.39 

.99043 

.99015 

37473. 

1972 

.39467 (101.91) 

- . 72120 (1 5 . 86 ) 

2339.35 

'.99274 

.99253 

~8769 

VAR003 

DAR013 

*Sample of 36 counties . 
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VAR002 

DAR012 

C 

DAR012 

C 

Mean 

TABLE 16 

COMMERCIAL PARCELS* 

.1967 

.02634 (15.20) 

-.04967 (1.33) 

313.18 

~96905 

.96814 

.11748 (718.12 

1197.63 

95479 

3019. 

1972 

. 02087 (13.63) 

.01722 (0.43) 

340.80 

.98563 

.98521 

.11351 (1640.24 

1035.94 

.97969 

3440. 

*Samp1e of e6 counties. 
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VAR002 

VAR007 

C 

VAR007 

C 

R2 

Mean 

TABLE 17 

INDUSTRIAL PARCELS* 

1967 

.00408 (3.24) 

- .01259 

164.60 

.73970 

.73205 

( .80 

.01260 (84.93) 

;972 

.00305 (1.11) 

--.00258 

183.54 

.74826 

.74086 

( .02) 

.01833 (96.66) 

251.88 189.56 

.71412 .73979 

477 539. 

*Samp1e of 36 counties 

; , . 
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V002 

VAR002 

C 

Mean 

,VAR002 

V002 

VAR002 

C 

Mean 

T'ABLE 18 

BELTA RESIDENTIAL PARCELS 1967-72 

99000 

.22972 (29.69) 

.01170 (22.01) 

22.084,44 

.47444 

.45899 

1295.53 

• 12603 (1. 42) 

-.01052. (0.13) 

~ 027 .917068 

.0579 

.02171 

769.10 

3-37 
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TABLE 19 

DELTA COMMERCIAL PARCELS 1967-72 

DAR012 

C 

Mean 

VAR002 99000 

V012 

C 

R2 

Mean 

.0.3506 (283.86) 

-47.10469 

.89304 

420.91 

.07869 

-124.70376 

.01898 

-18.21 

3-38 

(.50) 
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t 
f 

1\ 

V007 

C 

R2 

. Mean 

VAR002 

VAR004 

C 

Mean 

TABLE 20 

DELTA INDUSTRIAL PARCELS 1967-72 

99000 

-.02060 (20.74) 

35.72305 

.37891 

62.52 

.01635 (5.63) 

-94.11369 

.17791 

35.07 

3-38 
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TABLE 21 

DELTA PUBLIC UTILITIES PARCELS 1967-72 

V002 

V004 

V009 

VAR004 

V007 

V011 

C 

R2 

R2(a) 

Mean 

VAR002 99000 

V007 

V002 

VAR002 

VOll 

V005 

VOO4 

C 

Mean 

-.08740 

-.69876 

3.04437 

-.020829 

-.065627 

1.00701 

838.81868 

.53520 

.45773 

-2.01662 

- .19752 

-.05081 

- .02032 

-2.24002 

.80717 

1602.05829 

.78343 

.72155 

-313.46 

3-40 

(5.42) 

(3.43) 

(12.69) 

(17.97) 

(2,,99) 

(2.59) 

(3.70 ) 

(6.94) 

(3.73), 

(0.00) 

(1 .95) 

( .82) 
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TABLE 22 

DELTA RESIDENTIAL AND COMMERCIAL PARCELS 1967-72 

V012 

V002 

C 

Mean 

VAR002 

V002 

DAR012 

C 

r4ean 

99000 

3-41 

.32012 

.20393 

,166.62244 

.50895 

.49451 

1716.44 

(33.44) 

(21.77) 

. 13494 ( 1. 59) 

-',19329 

1012.97130 

.07582 

.04028 

750.89 

,.-, 
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Tables 23 to 38 give the results for these models. The tables are con-

structed in the same fashion as those for Model 1 above. 

One can see that each of these models is very strong, explaining a minimun 

of almost 90% of the variance. At this stage, it is not possible to di~cuss 

in detail the reasons why certain variables have entered the equations. 

Several additional tests of the data and equations need to be made in Phase II 

in order to define a final set of tax base models. What is indicated at this 

stage is the possibility of contructing very strong explanatory models of the 

changes in Ohio's tax base. 
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TABLE 23 . 

~SSESSED VALUE ALL TAXABLE LAND 

lJ 

NAR002 

VAR007 

DAR012 

R2 

R2(a) 

VAR002 

C(l03) 

Mean Value 

196.Z 

3,., .87 ( 42.82) 

616.22 (10.07) 

706.34 (7.95) 

3910.23 

.99158 

.99138 

514.66 8238.20 

1544.06 

• 98967 

61322779. 

Max 954572500. 

Min 4251867. 

1972 

241.18 (4.57) VAR003 

1396.09 (10.44) VAR015 

1818.68 (20.02) DAR013 

5926.65 

.98487 

.98452 

823. 90 ( 4216 • 44) VAROO 3 

-9123.26 

.98001 

91265538. 

4162957. 
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VAROO2 

VAROO7 

DAR012 

C( 103) 

VAR002 

C(103) 

, R2 

Mean Val ue 

Max 

Min 

TABLE 24 

'ASSESSED VALUE RESIDENTIAL LAND 

T9()7 

Z81.07 

321.24 

-134.46 

-6615.45 

.99396 

.99382 

( 134.62) 

(10.59) 

(1.11) 

309.48 (12453.19) 

-6809.64 

.99314 

30993644 

534298875 

593000 

3-44 

1~72 

155.63 

1432.29 

794.20 

-8587.46 

.98181 

.98138 

(3.89) VAR003 

(22.46) VAR015 

(7.80) DAR013 

524.62 (3487.89) VA ROO 3 

.. 16554.28 

.97594 

47368497 

952651250 

669640 

, 
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TABLE 25 

ASSESSED VALUE COMMERCIAL LAND 

DAR012 

VAR002 

VAR007 

C( 1 03) 

1967 

761. 74 

31.09 

83.76 

-2769.09 

.95306 

.95196 

(16.16) 

(. 74) 

(.32) 

DAR012 

C( 1 03) 

1042.21 (1693.71) 

-1432.76 

R2 .95186 

Mean Value 12652290. 

Max 327851750 

Min 94400 

3-45 

1972 

963.34 

43.34 

-155.56 

3014.81 

.98951 

.98926 

(105.78) DAR013 

(2.78) VAR003 

(2.44) VAR015 

1063.58 (7808.85) DAR013 

2016.91 

.98911 

18238812 

393033937 

94400. 
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TABLE 26 

ASSESSED JALUE INDUSTRIAL LAND 
t 
" 

[ 
'f 

i 

DAR012 

VAR007 

VAR002 

C(103) 

1967 

390.66 

262.71 

-56.50 

599.97 

.94917 

.94797 

Mean Value 3142700. 

Max 91787312. 

Min 5130. 

(50.40 

(37.93) 

(29.13) 

3-46 

1972 

460.04 

505.33 

-97.21 

566.59 

.92639 

.92466 

(31.37) DAR013 

(33.52) VAR015 

VAR003 

510.13 (759.30) VAR015 

-2590.49 

'189826 

5197847. 

13082312. 

34340. 
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TABLE 27 

DELTA RESIDENTIAL LAND ASSESSED VALUE 1967-72 

(103) 

VAR002 .16464 

VOO2 -.895555 

1020 1.28365 

IND020 -.48910 

C . -3761.07 

R2 .94862 

R2(a} .94363 

Mean 16374851. 

Min 

Max 

3-47 

(492.08) 

(40.00) 

(12.00) 

{5.97} 

\.:, , 
f 
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TABLE 28 

DELTA RESIDENTIAL LAND ASSESSED VALUE 1967-72 

, ( 103) 

'/ VOO4 -1.66589 (53.50) 

VA R002 .25494 (777.06) 

1020 .88711 (7.30) 
IND020 -.41250 (4.70) 

C -4934. 11 

' .. ', 
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TABLE 29 

DELTA INDUSTRIAL LAND ASSESSED VALUE 1967-72 

(103) 

V007 .46125 

VAR007 .05887 

IND021 .57523 

1020 -.06069 

C -89.95 

.89605 

R2(a) .89234 

Mean 2055146 

Min 

Max 

3-49 

(13.39) 

(5.58) 

(35.43) 

(1.14) 
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TABLE 30 

DELTA COMMERCIAL LAND ASSESSED VALUE 1967-72 

\ 

Q012 

DAR012 

IND002 

VAR002 

C 

Mean 

Min 

_. - ------~_. Max 

(103) 

1. 37676 

.69014 

-.63634 

-.01738 

-1179.52 

'.92153 

:91873 

5586620 

3-50 

{53.21) 

(33.59) 

(110.99) 

( 1.04) 

• 
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"" 

I , 
j 



[ 
t' 

t , 

TABLE 31 

BELTA RESIDENTIAL & COMMERCIAL LAtlD ASSESSED VALUE 1967-72 

~103) 

DAR012 1.31460 

V004 ,-.60024 

1020 .186~3 

IND020 -.26005 

INd022 .12720 

IND023 .17469 

C -161.73 

R2 .91776 

R2(a) .97004 

Mean '21961372 

Min 

Max 

3-51 

~23.57) 

(5.41) 

(4'.12 ) 

(1.63) 

(O.6P) 

(3.60) 
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VAROO2 

DAR012 

VAROO7 

C(103) 

VAR002 

C( 103) 
a 

R2 

r~ean Va 1 ue 

Max 

Min 

TABLE. 32 

TOTAL RESIDENTIAL ASSESSED VALUE 

1967 

800.91 (47.00) 

1796.16 (8.55) 

793.12 

-10247.39 

< 

.99067 

.99045 

1198.32 (7986.63) 

-21942.23 

.98935 

155396375 

3793700 

3-52 

1972 

1045.48 

-319.99 

2119.45 

-1487.72 

.99596 

.99587 

1272.21 

-16219.37 

.99395 

, 
186115312 

4432020 

; 

J , , 
(137.11) VAROO3 

(0.988) DAR013 

. (38.38) VAR015 

: 

\; 

(14314.98) VAR003 
~ 
~ 
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,I 
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VA ROO 7 

VAR002 

DAR012 

C( 103) 
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t 
t 
'~ 
, Max 
:' Min 

lABLE 33 

TOTAL COMMERCIAL ASSESSED VALUE 

1967 

3650.52 

-448.47 

1822.81 

1991.86 

.89306 

.89054 

42365719 

638860 

(40.78) 

(10.21 ) 

(6.11) 

3-53 

1972 

-140.67 

198.84 

1397. 15 

7264.12 

.98750 

.98720 

(0.382) \fAR015 

(11.21) VAR003 

(42.58) DAR013 

2222.99 (5743.31) DAR013 

::'911 .74 

.'98525 

59645348 

648710 

, 
J 
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TfABLE 34 

rOTAL INDUSTRIAL ASSESSED VALUE 

VAROO7 

DAR012 

VAROO2 

C(103} 

1967 

1452.89 

1126.43 

-165.37 

4032.30 

.,94837 

.94715 

{42.16 } 

(15.23) 

{9.06} 

VAR007 1504.07 {1323.89} 

C{103} 1757.08 

R2 .93900 

Mean Value 25230578. 

Max 507840250. 

Min 88340. 

3-54 

1972 

1709.25 

475.99 

-107.92 

2605.32 

.96093 

.96001 

(72.48) VAR015 

{6.34} DAR013 

{4.24} VAR003 

1663.31 {1960.11}. VAR015 

-778.20 

.95797 

29808551. 

518877812. 

285720. 
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TABLE 35 

OELTA TOTAL RESIDENTIAL ASSESSED VALUE 1967-72 

'(103) 

VAR002 .21989 (256.09) 

1060 3.45933 (65.29) 

IND060 -.58045 (6.60) 

VOO2 -.62063 

C 154166 

R2 .87569 

R2(a) .87129 

r~an 30718944. 

Min 

Max 

3-55 
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TABLE 36 

nElTA TOTAL COMMERCIAL ASSESSED VALUE 1967-72 

('103) 

"012 

V002 

1060 

DAR012 

VAR002 

IND060 

C 

Mean 

Min 

Max 

12.61351 

. 1.31763 

-1.68601 

1.87392 

-.19966 

.40007 

-2737.17 

.-93974 

.93607 

1'7279623. 

3-56 

(77.63) 

(10.64) 

(34.28) 

(12.13) 

(12.18) 

(7.01) 
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TABLE 37 

,DELTA TOTAL INDUSTRIAL ASSESSED VALUE 1967-72 

(.103) 

'JAR002 

V002 

VAR007 

V007 

INC060 . 

1060 

C 

- • .Q2170 

.48332 

.52989 

1. 12970 

-.08291 

.13780 

918.80 

.76963 

.75559 

Mean 4577979. 

Min 

Max 

3-57 

(.2.63) 

(52.43) 

(26.53) 

(18.17) 

(3.00 ) 

(2.55) 

.I 
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TABLE 38 

OElTA RESIDENTIAL & COMMERCIAL TOTAL ASSESSED VALUE 1967-72 

VOl 2 

V002 

VAR002 

1060 

IND060 

C 

Mean 

Min 

Max 

(103) 

1.72848 

3.41777 

.40056 

1.85202 

- ,'44851 

8810.51 

:95629 ' 

.95419 

47998566. 

3-58 

(1. 75) 

(72.99 ) 

(24.53) 

(20 .• 88) 

(4.22) 

• 
I 
J 

/ 

) 
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1. 

rOOTNOTES 

• R. Ellefson, P.H. Swain and J.R. Wray Urban Land Use Mapping by 
Machine Processing of ERTS-l Multispectral Data: A San Francisco Bay 
Example (West Lafayette, Indiana: The Laboratory for Applications of 
Remote Sensing, Purdue University) LARS Information Note 101573, p. 2A-9. 

2. Armond T. Joyce "Land Use and Mapping,1I in S.C. Freden et ale (ed.), 
Third Earth Resources Technology Satellite Symposium. Volume 2, 
(Springfield, Va.: National Technical Information Service #N75-10560, 

.1974), p. 138-146. 

3. Ibi d. 

4. James R. Wray "Cartographi c Aspects of an Operati ona 1 System for Detect-
~ ing Urban Change by Remote Sensing." EROS Reprint #157, (Washington, 

D.C.: U.S. Geological Survey,Geographic Applications Program). 

f 

5. Ellefson, Swain, and Wray. "Urban Land Use Mapping ..• ", p. 2A-9. 

6. Paul L. Vegas "Extracting Land Information from the Earth Resources 
Technology Satellite Data by Coventiona1 Interpretation Methods," 
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Agricultural Sector MOdels 

CHAPTER III-II 

PHASE II SUMMARY 

Phase I of the Ohio Land Allocation Model established a number of 

cross-sectional statistical models of tax assessment and tax parcel changes 

in the residential, commercial, and industrial land use sectors. Each of 

these equations utilized the assessed value or number of parcels in each 

land category as the dependent variables and employment and population as 

the independent variables. Equations were derived which explained tax base 

in a static sense (i.e. 1967 residential assessed value for 88 Ohio counties 

as a function of 1967 employment and population) and in a dynamic sense-

(change in tax assessed value 1~67_to 1972 as a function of change in emp1oy-

ment and population during the same period). 

Similar models for the agricultural sector did not work as well as those 

for the other land use sectors. This is because population and employment 

variables do not incorporate the factors important for agricultural production. 

For this reason, a data base relating to agricultural production was compiled. 

Data on cash receipts to Ohio farmers were available from the Ohio Agricultural 

1 Research and Development Center. Data on the acreage harvested for each crop 

type were extracted from Ohio Agricultural Statistics while data on-the number 

of farms, average acreage and land in farms by county for 1964-1974 were made 

available by the Ohio Crop Reporting Service. 2 Table 39 lists the variables 

which were used in the analysis of the agricultural sector. 
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Table 39 

LIST OF VARIABLES, AGRICULTURAL SECTOR TAX BASE EqUATIONS 

V67001 - Cash Receipts OOO's $ Total Livesto~k 1967 

V67002 - Cash Receipts OOO's $ Dairy 1967 

V67003 - Cash Receipts OOO's $ Cattle 1967 

V67004 - Cash Receipts OOO's $ Hogs 1967 

V6700S - Cas~ Receipts OOO's $ Poultry 1967 

V67006'- Cash Receipts OOO's $ Sheep 1967 

V67007 - Cash Receipts OOO's $ Other 1967 

V6700a - Cash Receipts OOO's $ Total Crops 1967 

V67009 - Cash Receipts OOO's $ Corn 1967 

V670l0 - Cash Receipts OOO"s $ Soyb,aan 1967 

V670ll - Cash Receipts OOO's $ Wheat 1967 

V670l2 - Cash Receipts OOO's $ Oats and Hay 1967 

,V670l3 - Cash Receipts 000' ·s. $ Greenhouse 1967 

V670l4 - Cash Receipts OOO's $ Vegs. 1967 

V670l5 - Cash Receipts OOO's $ Other Crops 

V670l6 - Acres Harvest Corn For Grain 1967 

V670l7 - Acres Harvest Soybeans for Beans 

V670l8 - Acres Harvest All Wheat 1967 

V670l9 - Acres Harvest Oats for Grain 1967 

V67020 - Acres Harvest All Hay 1967 

V67021 - All Cattle and Calves (Head) 1967 

V67022 - All Hogs and Pigs (Head) 1967 

.V67023 - All Sheep (Head) 1967 

V67024 - All Milk Cows (Head) 1967 

567 Acres - Total Acres Harvested 1967 

LF 67 - Land in Farms OOO's Acres 1967 

NF 67 - Number of Farms 1967 

. 3:-62 
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LIST OF VARIABLES! AGRICULTURAL SECTOR TAX BASE EQUATIONS 

AA 67 - Average Acreage 1967 

INDO 20 - Assessed Value Agricultural Land 1967 

INDO 60 - Total Assessed Value Agricultural Land 1967 

V72001 - Cach Receipts OOO's $ Total Livestock 1972 

V72002 - Cash Receipts OOO's $ Dairy 1972 

V72003 - Cash Receipts OOO's $ Cattle 1972 

V72004 - Cash Receipts OOO's $ Hogs 1972 

V72005 - Cash Receipts OOO's $Pou1try 1972 

V72006 - Cash Receipts OOO's $ Sheep 1972 

V72007 - Cash Receipts OOO's $ Other 1972 

V72008 - ,Cash Receipts OOO's $ Total Crops 1972 

V72009 - Cash Receipts OOO's.$ Corn 1972 

V72010 - Cash Receipts OOO's $ Soybean ~972 

V72011 - Cash Receipts OOO's $ Wheat 1972 

V72012 - Cash Receipts OOO's $Oats and Hay 1972 

V72013 - Cash Receipts OOO's $ Greenhouse 1972 

V72014 - Cash Receipts OOO's $ Vegs. 1972 

V72015 - Cash Receipts OOO's $ Other Crops 1972 

V72016 - Acres Harvest Corn Fo~ Grain 1972 

V72017 - Acres Harvest Soybeans For Beans 1972 

V72018 - Acres Harvest All Wheat 1972 

V72019 - Acres Harvest Oats For Grain 1972 

V72020 - Acres Harvest All Hay 1972 

V72021 - All Cattle and Calves (Head) 1972 

V72022 - All Hogs and Pigs (Head) 1972 

V72023 - All Sheep 1972 (Head) 

V72024 - All Milk Cows 1972 (Head) 
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Table 39 (~ont'd) 

LIST OF' VARIABLES', AGRICULTURAL SECTOR TAX BASE EQUATIONS 

S72 Acres 

LF 72 

NF 72 

»'1 72 

INDO 25 

INDO 65 

SMSA 67 

SMSA. 72 

AVLIV67 

AVCRP67 

AVLIV72 

AVCRP 72 

I02l 

I022 

I023 

I020 

r060 

CHGCRP 

CHGLIV 

- Total Acres Harvested· 1972 

- Land in Farms OOO's Acres 1972 

- Number of Farms 1972 

- Average Acreage 1972 

- Assessed Value Agricultural Land 1972 

- Total Assessed Value Agricultural Land 1972 

Counties in an SMSA, 1967 

Counties in an SMSA, 1972 

- Mean of Cash Receipts Livestock, 1962-1967, OOO's 

- Mean of Cash Receipts Crops, 1962-1967, OOO's $ 

- Mean of Cash Receipts Livestock, 1968-1972, OOO's 

- Mean of Cash ~eceipts Crops, 1968-1972, OOO's $ 

- Delta incl .. Land Assessed Value, 1967-1972 

- Delta comm. Land Assessed Value, 1967-1972 

Delta res. Land Assessed Value., 1967-1972 

- Delta age Land Assessed Value, 1967-1972 

- Delta & Total age Assessed Value, 1967-1972 

- AVCRP72 minus AVCRP67 

- AVLIV72 minus AVLIV67 

$ 

$ 

) , 
i 
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Data Analysis 

The first step in the project was to analyze the data base using de-

scriptive statistics. The ·results of this analysis give an overview of the 

general trends in Ohio's agricultural sector. 

Dand use in Ohio is diversified. Of the state's 26.2 million acres 

of land, 11 per cent was dedicated to urban and built up areas in 1970; 65.3 

per cent was farmland; and 23.7 per cent was categorized as other land not 

in farms. 3 As evidenced from this data, the agricultural sector is clearly 

a dominant land use within the State of Ohio. 

Changes in the state's agriculture indicate that the number of farms 

and land in farms is decreasing, while average acreage is increasing. Al-

though Ohio is following the national trend, data indicate that the state 

is not doing so in as radical and rapid a pace as the national average. For 

example, the average national farm size in 1973 was about 385 acres 4 while 

Ohio's average farm size for ,the same year was almost 149" acres. From 1964-

1974 the average acreage on Ohio farms increased by 7.2 acres. The 1969 

Census of Agriculture reports that 96.2 per cent of all farms in Ohio are 

less than 499 acres. Small farms, 1 to 99 acres constitute 46.5 per cent 

of this total. 5 l~is data would seem to indicate that although Ohio is slowly 

following the national trend, the state remains dominated by relatively small 

farms and small farmers as opposed to large corporate farming operations that 

are prevalent in other states. " 'Tables 40 and 41 illustrate these data. 

1964 

18,145 

Land in Farms 
ODD's 

1969 

17,700 

Table 40. Ohio 1964, 1969, 1974 

1974 

17,400 

Average Acres per 
Farm 

1964 1969 

141.6 148.1 

1974 

148.8 

Source: Ohio Crop Reporting Service 
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Number of Farms 
OOO's 

1964 1969 

131 120 

1974 

117 
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Table 41. United States 

1964 

332 

Average Acr.es per 
Farm 

1969 

369 

1974 

384 

Source: U.S. Department of Agriculture, Statistical Reporting Service, 1973. 

The assessed value of farms in Ohio has increased 23.1 per cent from 
1964 to 1969. Crops increased 15.4 per cent and livestock, poultry, and 
related products increased 29 per cent. 6 Data for 1967, one of the years 
that will be used in this study, show that livestock products are 57.5 per-
cent of the total while crops constitute 42.5 per cent of the total agricul­
tural production in Ohio. 7 In 1972, the other year relevant to this study, 
livesto~k products constituted 52.8 per cent and crops proved to be 47.2 
per cent of the total. 8 Table 42 illustrates livestock and major crops by 
type. 

Table 42 

1967 1972 
Total Livestock 57.5% 52.8% 
Cattle & Calves 14.8% 16.6% 
Hogs 14.5% 13~4% 
Dairy Products 18.8% 16.9% 
Total Crops 42.5% 47.2% 
Corn 11.4% 11.9% 
Soybeans 12.3% 18.5% 
Wheat 5.3% 3.7% 
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The next step in the analysis was to delineate the interrelationship 
among the variables. This was critical in that strong correlations among 

independent variables in the regression equations (multicollinearity) can ',' 
yield erroneous results. 

/ Several sets of variables were found to be correlated. First, the 
analysis showed the relationship among the cash receipts variables and the 
acres harvested variables to be collinear. This means t ' at ~n almost all 

instances the (';:.:lh receipts from a specific crop and the acres harvested 

from that same crop will correlate significantly. Table 43 illustrates the 
correlation coefficients for cash receipts and acres harvested. For example, 
cash receipts for wheat (V720ll) and acres harvested for wheat (V720l8) 

show a correlation coefficient of .90505. Similarly, cash receipts for 

soybeans (V720l0) and acres harvested for soybeans (V720l7) correlate at 

.9938~. As a rest;llt of this collinearity the regression statements which 
included both cash receipts and acreage for the same crop would give biased 
r:esults. It is for this reason that the regressions use only the cash re-
ceipts for each crop and livestock variable. The decision to eliminate the 
acres harvested variables was based on the fact that cash receipts proved 
to be a stronger explanation of assessed value. 

Collinearity was also a factor in determining the relationship among 
major crop types. This is shown in Table 44. The analysis showed that cer-
tain types of crops were intimately related. One explanation for this phenome-
non is that certain crops are grown togethe~ or alternately in a rotation. " 
Some crops require the, same type of storage, soil, or involve similar trans-
portation costs. Soybe~ns (V720l0) and wheat (V720ll) correlate significantly. 

':If', 
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Table 43 

. RELATIONSHIPS AMONG CASH RECEIPTS AND ACREAGE 

HARVESTED VARIABLES 

CORRELATION: COEFFICIENTS* 

V67018 V67019 V72003 V72016 V72017 V72018 

V67009 .90000 .55295 

V67010 .85954 .55772 

V67011 .98199 .63133 

V67012 • 65113 .80253 

V67016 

V12009 .89848 .87421 .80287 

V72010 .84860 .99385 .84102 

V72011 , .86372 .93204 .90505 

V72016 .67246 

V72021 .82175 

*Underlined coefficients indicate variables which are collinear 
and should not be used in the same regression equation. 
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V67011 

V72dl0 

V72011 

.•.. ~ ...... .-- '-'" ---- ... ".~'l'i"'~' ·_"""'·.--....,. ... IIilW_ .. ~; .... ; .... _._. ;-. !IlIjl,!'l!!!, :.~1. 

-$'~~ 
·'·f~~~ 

, .~ 

Table 44 

RELATIONSHIPS AMONG MAJOR CROP TYPES 

CORRE~TION COEFFICIENTS 

V67009 V67011 V72009 V72011 

.89185 .89100 0.89816 0.93534 

.91392 1.00000 0.88707 0.95602 

------ ------ .90784 .94601 

------ ------ .90587 1.00000 

• 
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Corn (V72009) is collinear with soybeans (V720l0) and with wheat (V720ll). 

Based on the theory of transportation costs one would not expect vegetables 

(V720l4) to correlate highly with wheat or corn. This is, in fact, the 

case. It may also be posited that vegetables arl'! intensive while wheat and 

corn are extensive crops, hence they would not be highly related in terms of 

where they are grown. 

Given adjustments in the input data to avoid the use of collinear 

variables,. analysis was carried out using linear regression. The results 

are summarized in the next section. 

Results of Agricultural Sector MOdels 

The goal of the regression analysis was to create predictive models 

of the tax base related to production in the agricultural sector and the 

conversion of land to urban uses. In each equation, one of the agricultural 

tax base variables (e.g. IND060 - total agricultural assessed value, 1967), 

is the dependent variable and production variables or assessment variables 

in other categories (residential, commercial, industrial) are the independent 

or explanatory variables. 

Tables 45 to 50 illustrate the results of these analyses. All the 

tables are similarly organized. Using Table 45 as an example, one can see 

how to interpret the results. This table represents the models for assessed 

value of agricultural land as given by the title. Resul~s of two equations 

are shown in this table - one for 1967 as shown in the left half, and one for 

1972 as shown i.n 1:-he right half. On the left margin are the names of all the 

independent variables for the 1967 equation. The first numbers following this 

, 
~, are the B coefficients, the numbers by which one multipl.ies to arrive at the 

predicted value for the depenfent variable. In parentheses after this number 

r ( 
t. , , -".', 

\ 
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are the t ratios which show the statistical significance of each of the B 
values. At the bottom of the table are shown the constant for each equation 
and the coefficient of determination (R2). The R2 and R2(a) (adjusted) 

values show the proportion of the variance explained by the equation. 

Going back to Table 45, we can illustrate how one can translate into 
a predi~tive equation. Using the 1967 equation: 

IND025 • .921 (V67004) + 3.789 (V67007) + 1.718 (V67009) 

+ 1.008 (V670l0) + 10.493 (V670l2) + 1.177 (V670l3) 

+ 2927.345 (SMSA67) + 3361.156 

If one wishes to predict the assessed value of agricultural land for 
any county in Ohio using this equation, one need only have the pr::.;duction 

figures for each of the crop types in the equation and know whether or not 
the county was in an SMSA. One can interpret each of the tables in a sim-
ilar fashion. How these equations ~rlll be translated into ,models for use on 
the state computer system is discussed further in the final chapter of this 
report. 

Several interesting trends are shown by these regression equations. 

Tables 45 and' 46 show that a strong relationship exists between agricultural 
production and assessed value in both 1967 and 1972. The R2 (a) values for 
these equations range from .683 to .809. Certain products are shown to be 
Jll)re important in Ohio agriculture. These include hogs, corn, soybeans, 
greenhouse, and other crops categories. 

Viewing the coefficients in these equations, it appears that there 

were changes in the importance of particular crops between the two years. 
Thus, the b coefficient for soybeans in 1967 is 1.008 while it is 1.808 in 
1972. It may not be true, however, that these two single years are represen-
tative of long term trends in Ohio agriculture. For this reason data on the 
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Table 45 

Assessed Value Agricultural Land* 

1967 1972 

Indep. Variables 'B t ratio B t ratio 
V67004 .921 (3.51) 1.524 (3.95) 
V67007 3.789 (1~44) 29.400 (4.55) 

V67009 1.718 (3 .14) 1.808 (8.96) 
V67010 1.008 (1. S6) 1.539 (3.03 ) 

V670l2 10.493 (3.97) 5003.686 (3.-41) 
V67013 1.177 (3.35 ) 

SMSA67 2927.345 (3.03 ) 

C (constant) 3361.156 2952.364 

.826 .705 

.809 , .691 

Mean 14545.002 19894.229 

A. Mean 5349.227 

* All coefficients are significant at the.DOl level except 

V67007 (. 2) 
V67010 (.1) 

Indeo.Var. 

V72003 

V72007 

V72010 

V72013 

SMSA72 

C 

R2 

R2 (a) 

§. 
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Table 46 

Total Agricultural Assessed Va1ue* 

Indep. Variables 

V67007 

V67009 

V67012 

V67013 

SMSA67 

C 

R2 

R2(a) 

Mean 

A Mean 

1967 

B 

19.228 

3.508 

18.!l74 

1.572 

3827.692 

8781.813 

.729 

.716 

24880.412 

t ratio 

(4.21) 

(7.62 ) 

(4.14 ) 

(2.50) 

(2.21) 

5681.38 

B 

1.102 

1.873 

32.738 

1.890 

7.146 

2.205 

6387.938 

5405.612 

.705 

.683 

30561.794 

*All coefficients are significant at the .01 level. 

Except V67013 (.02) 
SMSA67 (.05) 
V72012 (.2) 

1972 

t ratio IndeE· 

(2.79) V72002 

(3.11) V72003 

(3.30) V72007 

(5.36) V72010 

(1.30) V72012 

(3.15 ) V72013 

(3'.07) SMSA72 

c 
R2 

R2 (a) 

Mean 

Var. 

>; 
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i 
) 

.1 
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Indep. Var. 

V67001 

V67008 

C 

R2 

R2(a) 

AVLIV67 

AVCRP67 

C 

~ 'I' . 
R2 (a) 

AVLIV67 

AVCRP67 

SMSA67 

C 

I R2 

~. 
R2 (a) 

~ , 
I 
I· 

Mean 

Il Mean 

1967 

B 

.490 

1.175 

3488.230 

.707 

.704 

.632 

1.243 

3120.179 

.695 

.691 

.678 

1.181 

2986.172 

2191.150 

.725 

.719 

14545.002 

Table 47 

ASSESSED VALUE AGRICULTURAL LAND* 

1972 

t ratio B t ratio 

(5 .. 21) .531 (4.30) 

(11.30) .910 (7.78) 

6535.432 

.562 

.557 

(5.89 ) .648 (4.68) 

(10.10) 1.272 (8.19) 

5537.3'28 

.589 

.582 

(6.54) .701 (5.35) 

(9.89) 1;179 (7.94) 

(3.01) 5322.154 (3.48) 

3340.624 

.639 

.630 

19894.229 

5349.227 

("'\11 coefficients are significant at the. 01 level. 
" . 
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Indep. Var. 

V72001 

V72008 

C 

R2 

R2 (a) 

AVLIV72 

AVCRP72 

AVLIV72 

AVCRP72 

SMSA72 
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Table 48 * 

r , ( TOTAL AGRICULTURAL ASSESSED VALUE , 
, ." 

j 

-' 

I, 1967 1972 

Indef. Var. B t ratio B t ratio Indep.Var. 

V67001 .949 (6.0'8) .975 (5;.81) V72001 

V67008 1.443 (8.17) .987 (6.15) V72~JJ8 

C 8552.664 12179.983 C 

R2 .638 .546 R2 

R2 (a) .634 .541 R2 (a) 

AVLIV67 1.157 (6.22) 1.164' (6.24) AVLIV72 

AVCRP67 1.530 (7.63) 1.404 (6.71) AVCRP72 

C 7965.607 10755.133 C 
, 

.580 ' R2 :t .637' ~;. 

.R2 (a) .633 .575 R2 (a) 

AVLIV67 1.256 1.234 (6.97) AVLIV72 

AVCRP67 1.396 1.281 (6.39) AVCRP72 

SMSA67 6423.951 7016.750 (3.40) SMSA72 

C 5967.050 7858.989 C ,I 
~I 

~. '''; 

',j f R2 .699 .631 R2 , 

I i R2 (a) R2 (a) 'c 

'I .692 .623 ~. 

Mean 24880.412 30561.794 

IJ. Mean 5681.38 

*All coefficients are significant at the.001 level. 
,( 
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Table 49 * 
DELTA AGRICULTURAL LAND VALUE (1967-72) 

., 

Indep. Var. B ~ ratio 

CHGLIV .607 (2.87) 
CHGCRP .891 (3.72) 
1021 -1.357 (8.07 ) 
1022 .317 (6.52) 
1023 .089 (5.70) 
SMSA72 2330~842 {3. 08) 
C 1817.123 

R2 .561 

R2 (a) .534 

Mean (103) 5349.227 

*All coefficients are significant at the .001 level. 

Except CHGLIV (.01) 

" , 



Table 50 * 

DELTA TOTAL AGRICULTURAL ASSESSED VALUE (1967-72) 

Indep. Var. B t ratio 

CHGLIV .792 (3.05 ) 

CHGCRP .664 (2.26 ) 

1021 -2.072 (10.03) 

1022 .294 (4.92) 

1023 .165 (8.61) 

SMSA72 2299.777 (2.47) 

C 2603.019 

R2 .639 

R2 (a) .617 

Mean (10 3) 5681.383 

*A11 coefficients are significant at the .01 level except 

CHGCRP (.05) 
SMSA 72 (. 02) 

r~ l' 
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annual cash receipts for crops and livestock were collected for 1962 

through 1972. Thus, instead of employing the single year cash receipts . 
variable, a six and five year average (1962-1967, 1968-1972) were input into J 

the regression equations. The results are shown in Tables 47 and 48. Here, 

one can compare the results. using the simple totals for one year (V6700l, 

V67008) to the results using the averages (AVLIV67, AVCRP67). Not only do 

the b coefficients change but also they become stable over time. The CQ-

efficient for AVLIV67 is .632 and for AVLIV72 .648 - not significantly dif-

ferent. What this means is that changes in agricultural assessed value from 

1967-1972 are accounted for almost entirely by the dummy variables for urban-

ization SMSA67, SMSA72. In other words, competition from urban land uses 

in SMSA counties was bidding up the price and, therefiore, the assessed value 

of agricultural land. To the best of our knowledge, this is the first time 

that this trend has been demonstrated quant~tatively with a predictive equation. 

The final set of predictive equations are those for change (delta) in 

assessed value 1967-72. Here it was found that changes in agricultural pro-

duction do not explain changes in assessed value. This is an expected result 

since we can assume that overall agricultural production in Ohio is probably 

near its peak and is only slightly affected by short term fluctuations in the 

produce ~rket. We would then expect that it is the competition by other 

land uses for agricultural land which would better explain changes in assessed 

value. This is demonstrated by Tables 49 and 50. Here, one can see that 

changes in production combined with changes in the other land categories give 

a strong estimate of agricultural .assessed value. 

There are actually several trends which seem to be measured by these 

equations. First, there is the effect of a slight increase in production. 

C'· Second, there is the effect of urban land bidding up the prices of agricul-

tural land. This is shown by the SMSA, commercial land, and residential land 
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variables. Thir~, there is the effect of direct consumption of agricul-

tural land on the urban fr.inge. This effect seems to be most highly correl-

ated with the industrial l~nd category and is why this coefficient is nega-
tive. Finally, it must be pointed out that changes in agricultural building 
assessed value are almost negligible. The mean change in land value is 

$5349.227 x 103 and in total value is $5681.383 x 103 leaving only a change 
of $332.16 x 103• This is because tax assessments between 1967 and 1972 

were made exclusively on the basis of market value of land. The value of 

agricultural buildings for urban uses is negligible. Thus, the strongest 
equation for delta total agricultural assessed value is generated by using 
the same variables as those used for the land assessed value equation. This 
is shown in Table 50. 
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Converting Tax Base Data to Land Use Information 

One set of models which was produced during Phase I of this study is 

that for tax parc~ls. These models predict the number of tax parcels in 

each category of land use given projections of population and employment. 

Data on tax parcels are readily available and would, therefore, be an ex-

cellent, continuing source of information. What is needed then is an assess-

ment of whether or not these data can be converted to actual land acreages. 

One of the major accomplishments during Phase II of the Ohio Land Allocation 

MOdel study is just such an assessment. The general approach, methodology, 

results,. and conclusions are explained in this chapter. 

Land Acreage from Parcel Data 

In order to derive the acreage from data on parcels, one would need 

to know the si~~ of each parcel. Alternativ~ly, one may derive a frequency 

or probability distribution of ~arcel sizes in each county for each land' 

category. This distribution can then be multiplied by the number of parcels 

in each category in order to get the acreage. Table 51 illustrates how one 

would calculate the probable acres.ge of residential land in a hypothetical 

county based on a sample of sizes of parcels in that county. 

'\ , 

j' 
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Table 51 

HYPOTHETICAL DISTRIBUTION OF RESIDENTIAL.PARCEL SIZES 

SHOWING THE CALCULATION OF ACREAGE 

*Actual total number of residential parcels = 25000 using 0.1 acre 
size as example " 

25000 x .10 frequency = 2500 x .1 acres = 250 acres 
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Sampling Parcel Data 

The purpose of the survey undertaken was to gain information about 

the size of tax parcels in each of the four major land uses and to determine 

whether or not reliable profiles of parcel sizes could be established. This 

was done by taking a two per c~nt random sample of the tax parcels in three 

central Ohio counties: Pickaway (Circleville), Delaware (Delaware), and 

Licking (Newark). The land use type and acreage for each parcel selected 

. were coded for keypunching and the samples were analyzed using the Statis-

tical Package for the Social Sciences (SPSS). 

The source of the parcel information was the public record of appraisal 

compiled by each county's auditor for 1975. Each parcel record contained 

the owner's name, an identifying parcel number, a legal description of the 

parcel, the asses.s~d value of the land and bui~dings, and in some cases the 

acreage or dimensions of the parcel. These records are organized in the 

following way: 

Pickaway County 

First level - by township or incorporated area 
Second level - by school district 
Third level - alphabetically by owner's name 
Thirteen parcels per page 

Delaware County 

Same manner as Pickaway, but 35-50 records per page 

Licking County (two complete listings) 

Alphabetically by owner's name, thirteen records 
per page 

First level - by township or incorporated area 
Second level - by school district 
Third level - by land use type 
Fourth level - alphabetically by owner's name 
Sixteen records per page 
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A random number table with values ranging from 1 to 52 was used to 

select the parcels to be recorded. In Pickawayand Licking Counties the 

random number between 1 and 52 identified one record in a four page block. 
In Delaware County, only values between 1 and 40 wel:e used and each number 
ideh~ified a record for a single page. When a parcel was selected, the 

land use and acreage of the parcel was recorded with the following exceptions: 

1) If the parcel had no acreage recorded, its subdivision name and lot number were noted and the dimensions of the lot taken from the plat record, converted to acres and recorded. 

2) If the legal description contained the dimensions of the parcel, e !g. 150" x 250', this information was noted 
and converted to acres. 

3) If the legal description did not identify a subdivision name or c!l:l1tain the dimensions of the parcel, the parcel was rejected and another random number and parcel selected. A deed search is necessary to identify the acreage of such a parcel. 

Because industrial and commercial parcels make up a very small portion 
of the parcels within a county, very few such parcels were selected in the 
random sampling process. This deficiency was corrected by selecting a town-

ship book in an area containing industrial and commercial land and recording 
all such parcels which showed acreage in the sample until a minimum of fifty 
parcels were recorded. . . 

The coded information was keypunched and SPSS was used to calculate 
the frequency distributions and simple statistics for each sub-sample,. in 

both grouped and ungrouped form. Table 52 displays the results of the un-

grouped analysis and the sample sizes for each land use and county. 

The frequency distributions obtained from the random sample were com-
pared using the Smirnov test. This test was chosen because it does not assume 
a normally distributed population, and the populations from which the samples 

3-83 

... :.----. '-~.~----. -.,~~."..--' 

, 
J 

,.. 

'n ., 



, 
I , 

were drawn are not normally distributed. The test statistic, called the 

D value, is the largest difference between the cumulative'frequencies for 

each grouping of the two samples being tested. The samples were grouped 

as shown in Table 53. If the D value is larger than the critical value, 

th~ two samples are significantly different. The samples were compared 

within land use types, the results are displayed in Table 54. The signif-

icantly different samples were the residential sample for Licking County 

compared to both Delaware and Pickaway Counties, and the commercial samples 

for Delaware and Licking Counties. The difference probably resulted from 

the more urbanized nature of Licking County. Platted parcels are more 

numerous in urbanized areas and are generally smaller than non-platted par-

cels. 

The three samples taken do not allow generalization of the results to 

the entire state. However, they do indicate that profiles of different 

types of coun~ies (urban, rural, metropo~itan) could be developed with a 

sample of 10-15 counties. Sampling this many counties could require as many 

as 1000 man-hours. However, as more auditors' records become computerized, 

s.uch a sample could become feasible. If reliable profiles could be devel-

oped it would allow translation of the existing number of parcels data to 
acreage, providing much useful information about land use and land use change. 

In this way, projections made using the tax parcel models can be directly 

translated into land use projections. 

The results of this type of analysis could then be used as a contin-

uing and consistent check on the accuracy of macro level land use totals pro-

d.uced by LANDSAT. Future work with the tax models and continued use of LAND-

SAT could generate a data base in the future which directly linked land use 

change as measured by LANDSAT with the changes in tax base in Ohio Counties. 
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Table 52 

PARCEL SIZE SURVEY SL~LE STATISTICS (UNGROUPED DATA) 

Agricultural Parcels 

N' 
Mean 
Median 
Variance 
Skewness 

Industrial Parcels 

N 
Mean 
Median 
Var~.;:;l.[.1ce 

Skewt:t:ss 

Commercial Parcels 

N 
Mean 
Median 
Variance 
Skewness 

Residential Parcels 

N 
Mean 
Median 
Variance 
Skewness 

All Parcels 

N 

Pickaway 

106 
4~.3 
32.0 

279l.3 
1.449 

53 
ll.3 
3.0 

413.0 
3.394 

52 
3.0 
0.8 

139.3 
6.628 

240 
1.0 
0.3 
4.2 
4.404 

45l 
*Estimated Total Parcels 18,000 
Sample Size 2.5% 

*State Board of Tax Appeals 
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Delaware 

l56 
40.4 
38.1 

1038.8 
l.668 

73 
9.0 
3.1 

173.3 
2.038 

80 
3.5 
0.8 

49.9 
3.429 

530 
1.4 
0.3 
8.5 
3.643 

839 
29,000 

2.9% 

Licking 

235 
43.4 
32.8 . 

1523.9 
1.252 

81 
23.6 
6.0 

1560.1 
2.285 

176 
4.8 
0.9 

222.6 
6.457 

754 
0.8 
0.2 
3.6 
6.514 

1246 
52,000 

2.41\ 

~'¥r"';';;;";.i~~.--- ... 

All 
Counties 

497 
43.7 
34.0 

1644.6 
1.S57 

207 
15.3 

4.2 
163.5 

6.929 

308 
4.2 
0.8 

163.5 
6.929 

l524 
1.0 
0.25 
5.5 
4.783 

2536 
99,000 

2.6% 
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Group 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

Agricultural 

.1-.9 
1.0-9.9 

10.0-29.9 
30.0-49.9 

. 50.0-69.9 
70.0-89.9 
90.0-109.9 

110.0-129.9 
130.0-159.9 
160.0+ 

TABLE 53 

Land Use Type 
Industrial (:ommercial 

.1-.9 
1. 0-4.9 
5.0-9.9 

10.0-14~9 
15.0-24.9 
25.0-49.9 
50.0-74.9 
75.0-99.9 

100.0-149.9 
150.0+ 

.3-.4 

.5-.6 

.7-.8 

.9-1. a 
1.0-2.9 
3.0-4.9 
5.0-6.9 
7.0-9.9 

10.0-49.9 
50.0-99.9 
100.0+ 

Inclusive Gro~p Limits in Acres 
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Residential 

.1 

.2 

.3 

.4 

.5 

.6 

.7 

.8 

.9 
1.0-1.4 
1.5-1.9 
2.0-2.9 
3.0-4.9 

5.0+ 

;; ., 

, 
i 

) 

/ 

I 
" ,-.-:,J 



Table 54 

SU~~Y OF SMIRNOV TESTS 
, 
J 

I' 
LAND USE TYPES Sa.'nples Tested AGRICULTURAL INDUSTRIAL COMMERCIAL RESIDENTIAL 

Licking-Delaware N(l) N(2~ N(1) N(2) N(l) N(2) N(l) N (2) 
235 156 81 73 176 80 754 530 Critical Values 

.05 Level .140 .219 .184 .077 .;.01 Level .168 .263 .220 .092 
\ 0 Values .091 .184 .216* .158* 
I 

r 
j 

Pickaway-Delaware N(l) N (2) N (1) N (2), N(l) N(2) N(l) N(2) 
J 
i . 

106 156 53 73 52 80 240 530 

1. 
Critical Values 

.05 Level .171 .245 .242 .106 .01 Level .205 .294 .290 .127 

i 0 va1~es .139 .184 .135 ' .094 \ 

Licking-Pickaway N(1) N(2) Nel) N(2} N(l) N(2) Nel) N (2) 
235 106 81 53 176 52 754 240 Critical Values 

.05 Level .159 .240 .215 .101 .01 Level .191 .288 .257 .121 

r 0 Values .102 .061 .081 .215* 
[ 

*Significantly different samples 

Critical Value at .01 Level 

+ N(2) 

\ 
L. Critical Value at .05 Level = 

. , 
x N(2) 
+ N,2) 
x N(2) ., .'.! 

o Values = Maximum (Cumulative Frequency(l,i) - Cumulative Frequency(2,i» 
i 

" 

i = 1 to number of groups in distribution '" . 

:.j' 
"I 

i 
'I 'I 
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i' Land Conversion in Franklin County 
r 

'. 

i. Establishing a Test for LANDSAT Data 

LANDSAT offers the opportunity to provide computer compatible land 

use information at frequent intervals. Thus, land use changes as measured 

by LANDSAT can be linked with changes in population, employment, and other 

socioeconomic characteristics to produce empirical models of land use change. 

This is the underlying goal of the modeling effort in the State of Ohio. 

In pursuing this gpal, a number of technical problems have arisen which re-

quire further exploration before a set of final models can be produced. 

This section summarizes the work using aerial photography for Franklin County, 

Ohio, which will be utilized in performing a test of the accuracy of LANDSAT 

interpretations. 

Land' Use MOdeling and LANDSAT 

In order to create a predictive land use model for counties in Ohio, 

a land use data base is required which is both extensive and accurate. LAND-

SAT provides a unique opportunity for such modeling because it is the most 

extensive, most consistent data base available. Unfortunately, a number of 

technical problems arise in converting from LANDSAT imagery to land use cate-

gories. These problems leave a po tential for large errors in the final 

land use classificatfons. 9 Such errors would be unacceptable for the pur-

pose of land use modeling, i.e. relating land use changes to socioeconomic 

changes. Thus, the first step in analyzing LANDSAT must be to identify the 

nature and degree of these errors, and if possible, to derive correction 
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! factors which might be applied prior to the use of these data in a model. , The potential errors associated with LANDSAT have been subdivided into 
! 

two major components. Those errors associated with the misalignment of 

I pixels for two different LANDSAT scenes are referred to as Error 1. This 
t '. 

er~or results from the possibility of + one pixel misalignment in ground 
,. 

orientation as a result of the rescanning readjustment, and reclassification 

of the o~iginal, distorted data pixe1s. 10 The second type of error (Error 2) 

restuts from the misclassification of land cover due to the similarities in 

spectral Signatures of different land uses. To date, the nature and extent 

of these errors have not been quantified. This is the first task of LANDSAT 

data analysis in Ohio. 

. .. 
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Quantifying L~DSAT Errors 
• 

In order to quantify the misclassification errors associated with 

LANDSAT, a number of tests have been devised. . The first test relates to 

the overall changes in land use which can be tabulated from LANDSAT data. 

Scenes for Franklin County 'for both 1973 and 1975 will be i~terpreted by 

Bendix Corporation ·and given to the State of Ohi~ on computer tapes. 

Based on these tapes, one can calculate the changes in land use in Franklin 

County during this period. The question which arises is how accurate are 

these land use chance figures: Since LANDSAT has been in use for such a 

short time, no one appears to have utilized the data in this way or to 

test the accuracy of the results. 

Fortunately, two sets of aerial photographs are available for Franklin 

County at times very close to those for LANDSAT imagery. Thus, the first 

step in compiling information for a test of LANDSAT involved the interpre-

tation of land use change from these aerial photographs. 

The initial task was to correlate the 1972 Franklin County aerial 

photographs (scale 1:1000) with the 1976 set (scale 1:2000). Upon comple-

tion and matching of the comparable mosaics with differing scales, the 

photographs were scanned on a zoom transfer scope for land use changes. 

Any differentials apparent in the two sets of ph~tos were noted on the 1972 

• 
photos. We attempted to identify the entire area of change during this 

I process, noting not merely the existence of a new structure but also its 

f . . attendant property lines, if they were interested in land use changes only, 
I 

differing crop patterns and water levels were considered extraneous. 

Categorization of land use changes appeared under seven classifica-

tions: 1) ·Urban Recreation 2) Open Space - all land void of development 

that could not be identified as agricultural land 3) Agriculture 4) Com-
~-. .. 
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mercial - including trucking, airports, and warehousing operations 5) In-

dustrial 6) Residential 7) Public - including schools, churches, and 

highways. A separate notation of "A" was utilized to signify land cleared 

and/or under construction and would be appended to the proper land use 

symbol. 

Upon comparison of the areas on the 1972 set of aerial photos with 

the actual changes .in the 1976 photos, each land use change was catalogued 

as outlined above, with the 1972 land use recorded as separated from the 

recorded 1976 land use change by a slash (e.g. 3/6). Certain decision 

rules were derived for classification of land uses as fol~ows: 

1) 

2) 

Commercial buildings - a higher parking lot to building 
ratio than industrial structures. Location along a 
major arterial. Location as related to residential 
development. 

Industrial - location near interstate interchanges. 
Parking lot to building ratio lower than commercial. 
Landscaping and large front set back. 

3) Additional buildings on a previously established land' 
use was not noted, except in the case of new resident­
ial units in subdivision development. 

4) Individual parcels in subdivisions cleared for develop­
ment in 1972 and developed by 1976 were noted as 6A/6. 

5) Agriculture - clear crop pattern with evidence of farm 
buildings in close proximity. 

Once the classification was completed and noted on the 1972 photos, 

a planimeter was used to determine the aerial change. Thus, a table was 

derived detailing for each 1972 photo the land use changes on the photo 

with its before/after classifications, the area of land use change in square 

inches, and finally, this square inch measurement converted into acres. 

Table 55 shows these data. 
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In order to quantify the errors associated with LANDSAT at the pixe~ 

level, we made use again of the aerial photographs. First, the photos were 

oriented to the U.S.G.S. quadrangles using a zoom transfer scope. Then, 

a ~.l acre grid of the same dimensions as LANDSAT pixels was overlayed on 

the mosaic of photos for each year, for a sample quadrangle in F~anklin 

County. For each "pixelll the dominant land cover (greater than 50%) and 

the probab~e land use, if different, was recorded, encoded, and punched 

onto computer cards. In this way, a set of highly accurate laud use inform-

ation was produced which is compatible with the format of the LANDSAT data. 
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. A* 
Urban 
Recreation 

Open 
Space 

Agriculture 

A* 
Agriculture 

'. 
Commercial 

A* 
Commercial 

Industrial 

A* 
Industrial 

Residential 

A* 
Residential 

A* 
Public 

TOTAL' 

_ . .. 

4.591 

136.823 

344.582 

.. 

485.996 

Table· 55 

LAND USE ClmNGES IN FRANKLIN COUNTY BETWEEN 1972 AND 1976 
(In Acres) 

..~ 
.. ., --- --- ----- _ .-----_ .... _---

1,154.270 637.052 " 4.210.055 

366.850 709.826 2,278;466 

16.758 

196.281 

5.510 

220.156 

8.724 68.871 14.233 

- 2,542.470 

14.234 16.758 1.186.272 1,581.267 9_L 030.991 

A* - under construction and/or land cleared for development 

_w ______ .. ____ ------

328.053 686.869 

219.927 61.983 

. 

4.591 

20.202 

367.080 

547.980 1,140.725 

Source: 1972 (Flight No. 5010) and 1976 (Flight No. 5979) aerial photos of Franklin County with field checks. 
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4.591 I 

7,153.122 

3,981.634 

16.758 

4.591 

196.281 I 

5.510 

220.156 

112.030 

2,542.470 

367.080 
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FOOTNOTES 

1. Ohio Farm Income, 1967, 1972. Ohio Agricultural Research and Deve­
lopment Center, Wooster, Ohio • 

2. Ohio Crop Reporting Service, Ohio Agricultural Statistics, 1967, 1972, 
Ohio Crop Reporting Service, unpublished data. . . 

3. Ohiq Farm Bureau Federation, "Land Use Task Report", December 4, 1974. 

4. U.S. Department of Agriculture, Statistical Reporting and Economic 
Research Service, 1973. 

5. u.S. Department of Commerce, Bureau of the Census, CensQs of Agriculture, 
Ohio 1969. 

6. Census of Agriculture, 1969. 

7. Ohio Agricultural Research and Development Center, Ohio Farm Income 
1967. 

8. Ohio Agricultural Research and Development Center, Ohio Farm Income 
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CHAPTER III-III 

COMPUTER VERSION OF THE TAX MODELS-DOCUMENTATION 

The statistic~ equations tested for the tax models were detailed 
above in the first two chapters. Given these results, those equations 
which were strongest (had the highest variance explained or R2 values) 

were programmed to be used as a set of simulation models. This chapter 

summarizes and documents the basis and use of these computer models. 

Basic Model Assumptions 

The models which have been programmed for use in simulation are 

based on the regressions detailed in Chapters I,and II. The basic assump-
tions of these models are as follows: . 

1) The models are an accurate representation of the rela­tionship between tax base by category (dependent 
variables) and employment, P9Pulation, agricultural production, and the presence of an SMSA (independent 
variables). 

2) The historical trends with regard to tax base changes 
will continue into the future, i.e., no major revisions in the property tax system will be made. 

3) An accurate, independent forecast of popUlation, employ­ment by category, and agricultural production is available for each county for each projection year. 

Assumption 1 is simply a statement relating to the validation of 
the models. The validation procedure consisted of the statistical relia­
bility of the models as measured by the R2 values. Models with low relia-

bility were dropped. 
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Assumption 2 is related to a basic premise of all modeling based 

on historical trends - that no dramatic changes in policy or shifts in tax-
ing procedures will occur in the future. Such changes are one time occur-
rences which cannot be accounted for in this type of model. 

The final assumption is a basic premise under which this research 
was initiated - that another, independent model would be used to forecast, 
for each county, population, employment by category, and agricultural pro-

duction. As was demonstrated in our Phase II report, the DEMOS model does 
not supply reliable estimates of these parameters. Thus, the future use of 
t'he present models must be accompanied by other forecasts or models of these 
variables over time by county. 

Uses of the Models 

The models as programmed can be used to forecast property tax reve-
nues (assessed value) by county in the following categories: 

1) Agricultural land 
2) Industrial land 
3) Commercial land 
4) Residential land 
5) Agricultural land and buildings 
6) Industria~ land and buildings . 
7) Commercial land and buildings 
8) Residential land and buildings 

Given forecasts of employment by category, population, and agricul-
tural P!oduction, one can forecast the probable tax revenues in each of these 
categories. In addition, one can forecast the number of industrial, commer-
cial, and residential tax parcels. The models can thus be used as simulation 
tools relating to planning for land,use and public service delivery. We have 
constructed several hypothetical examples of applications of the models in 
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order to illustrate better the potential uses to which they might be put. 

Example I 

Let us hypothesize that planners in Geauga County, Ohio are attempt-
ing to formulate land use plans to the year 2000. In doing this, they have 
constructed a number of scenarios of county growth in terms of population 
and employment. One argument relating to their land use policy reco~enda-
tions is that increases in population and employment will bring property tax 
revenues to the county and to local municipalities, which will be beneficial. 
Thus the argument goes, land use policies should be designed to allow for 

this type of population and employment increases. In order to quantify what 
these property tax impacts might be, the planners choose to utilize the tax 
models. For each projection of population and employment, they estimate, 

using the mod~ls, the prop,erty tax impacts in each of the relevant cate-

gories. In effect, they simulate the potential tax benefits. Then, using 
other estimates of the public service costs associated with the same develop-
ment, they can construct a land use plan consistent with fiscal needs and com-
munity desires. 

Example 2 

For the second hypotheti~al example, let us suppose that a bill is 
introduced in the legislature which is designed to attract industry to Ohio. 
The bill would subsidize industries moving into the state in order to promote 
increased employment, and to offset the out-migration of people which has oc~ 
curred in Ohio over the last decade. Proponents of the bill claim the sub-
sidization will be more than offset by property taxes paid by the industries 

3-97 

': ,', 

t* , 

, 
./ 
) 

~ 

c1{~ , . I 
,., ..... ,""'.o:.,;;.:....lI 



~- ~'IlI;e·.·_I!I"'!JI'I!J! .. '!IIJPS!ll~·~_~""",","'I!~-~"" .- -"." .... 

r '_':_u_, ---~~-" 
~ ""'Tfi.'l"" ~ 

I r 
r 
r 

" 

and their employees. Opponents claim there is no basis to assume this. 

The governor's office asks to have some analysis done on this problem us-

ing hypothetical, e~amp1e industries. Simulation of the property tax im-

pacts of various estimates of increases in employment and population, is 

carried out using the tax models. Again, these can be compared with esti-

mates of the costs to arrive at a subsidization rate which does not exceed 

the property tax and other revenues forthcoming from.the new industries. 

~~tructions for Use of the Computerized Models 

Figure 2 is a flow chart of the computerized versions of the tax 

models. The models can be accessed in two ways - using a program deck 

available at DECD, or, if the deck is placed on disk, through the State 

Data Center using the proper Job Control Language (JCL). The instructions 

given herein assume the program to be mounted on disk using a utility pro-

gram. The only difference in using the program this way, and in employing 

the program deck, is in the JCL. The State Data Center can be consulted 

to obtain the proper cards for running the program using the deck. 

I. A user of the model needs to prepare a card deck with three parts: 

(1) JCL statements 

(2) Instruction card 

(3) Input variable data cards . 

(1) JCL Statements 

the user must have a State Data Center account and prepare a job 

card containing the necessary accounting information. This card is followed 

by one EXECUTE card and two DATA DEFINITION CARDS. 
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FIGURE 2. \ 
FLOW CHART FOR i 
TAX MODEL COMPUTER PROGRAM I 

( READ NO. ICOUNTIES, jUSER, DATE I 

ZERO OUT INPUT ARRAYS; . 

READ INSTRUCTIONS-COUNTY, MODELS,! 
BASE YEAR, PROJ. YEAR I 

PRINT COUNTY, BASE YEAR, PROJECTION YEAR! 

• 

_READ I N~_UT-PA.! ~:EMPLO_YI'J1J;NT L~QPJ~~~ T! ON, I 
AGRICUL TURAL PRODUCTION I 

SELECT PROPER MODEL , 
CALCULATE PROJECTED TAXES i 

USE ANOTHER -MODEL? I 
YES: Noi 

CALCULATE FOR ANOTHER COUNTV? I 
YES I NO; 

PRINT END OF RUN MESSAGE I 
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IIFORT. SYSIN DD DSNmDECD,TAX,MODELS,DISP-oLD 

IIGO.sYSIN DD * 
(2) Instruc~ion Card 

The instruction card identifies the user, the date, and the number 

'of counties to be forecast. The data is entered as follows: 

Col 1-2 Number of counties to be forecast (NOCNTY) 
(if one county is to be forecast more than once 
using alternative projections, each forecast 
counts once for this variable). Limit is five 
counties per run. 

Col 3-5 User's name (USER) 
Col 36-55 Date (DATE) 

(3) Input Variable Data Cards. 

For each county forecast indicated on the Instructions Card, a set 

of four input variable data cards must be prepared. Card.l of this set is 

the instruction card for that forecast. 

001 1-20 Name of county (CNTY) 
Col 21-23 Number of models to be run (NOMODS) 

See next card for list of 11 models 
Col 24-27 Base year of projection period (BSYR) 
Col 29-32 Target year of projection period (PRYR) 

Card 2 of the set lists the models to be forecast for this county. Eleven 

models are available. 

Model II 

1 Change in Assessed Value of Agricultural Land 
2 Change in Assessed Value of Industrial Land 
3 Change in Assessed Value of Commercial Land 
4 Change in Assessed Value of Residential Land 
5 Change in Assessed Value of Agricultural Land and Buildings 
6 Change in Assessed Value of Industrial Land and Buildings 
7 Change in Assessed Value of Commercial Land and Buildings 
8 Change in Assessed Values of Residential Land and Buildings 
9 Number of Industrial Parcels 

10 Number' of Commercial Parcels 
11 Number of Residential Parcels 
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The card is prepared as follows: 

(If any) 
" 
" 
" 
" , 
" 
" 
" 
" 
" 

Col 
Col 
Col 
Col 
Col 
Col 
Col 
Col 
Col' 
Col 
Col 

1-3 
4-6 
7-9 

10-12 
13-15 
16-18 
19-21 
22-24 
25-27 
28-30 
30-33 

Number of 1st Model 
" " 2nd " 
" " 3rd " 
" " l~th " 
" " 5th " 
" " 6th " 
" " 7th " 
" " 8th " 
" " 9th " 
" "10th " 
" "11th " 

Requested 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" . 

IREQ(l) 
lREQ(2) 
IREQ(3) 
lREQ(4) 
lREQ(5) 
IREQ(6) 
lREQ(7) 
lREQ(8) 
lREQ(9) 
lREQ(lO) 
IREQ(ll) 

Card 3 of the set contains the projected values for the input variables in 
the following fields: 

Col 1-10 
Col 11-20 
Col 21-30 
Col 31-40 
Col 41-50 
Col 51-60 

Col 62 

Projected Population VARPR(~) 
Projected Total Employment VARPR(2) 
Projected Manufacturing Employment V~R(3) 
Projected Service Employment VARPR(4) Projected Crop Cash Receipts in OOO's VARPR(5) 
Projected Livestock Cash Receipts in 000" s 
VARPR(6) 
1 if county is part of an SMSA, 0 if not 
VARPR(7) 

Card 4 of the set cuntains the assessed values for each land use in the 
county in the base year of the projection period in thousands of dollars in 
the following fields: 

AVBS(l) Col 1-11 Assessed Value of Agricultural Land AVBS(2) Col 11-20 Assessed Value of Industrial Lai1d AVBS(3) Col 21-30 Assessed Value of Commercial Land AVBS(4) Col 31-40 Assessed Value of Residential Land AVBS(5) Col 41-50 Assessed Value of Agricultural Land and 
Buildings 

AVBS (6) Col 51-60 Assessed Value of Industrial Land and Buildings AVBS(7) Col 61-70 Assessed Value ,of Commercial LaDd and Buildings AVBS(8) Col 71-80 Assessed Value of Residential Land and Buildings 

1 Service employment is the sum of employment in transportation and utilities, wholesale and retail, finance insurance, and services as defined by the Ohio Bureau of Employment Services. 
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The final set of input variabl.e data cards should be followed by an end of 

file card. (/*) and an end of job card (II). 

All numbers should be right justified; that is, the right most digit should 

be pun~hed in the right most column of the indicated field. 

A program listing, example data deck, and example output follow. 

The examples include a set of test runs with hypothetical counties, and a 

~~t of test runs with real, example counties. It must be vote~ that the 

results obtained in these runs are not dependable because the input projec-

tions use the DEMOS model and this has been found in error. However, the 

runs do illustrate the format,of the ~odel outpu~. 

The test run data are set up as follows~ 

Instructions card - 5 counties to be forecast by TEST RUNS (us'er's name) 
On September 14, 1976. 

Input Variable Data Cards' 

Card 1 - FIRST (county name) 
Run 11 models 
Bas e year 1967 
Target year 1972 

Card 2 - Lists models 1-11 

Card 3 - Projected 1972 Population = 20500 
Projected Total Employment = 2612 
Projected Manu.Employment - 842 
Projected Service Employment • 1160 
Projected Crop Cash Receipts = $4222 thousand 
Projected Livestock Cash Receipts = $6541 thousand 
o = county not in SMSA 

Card 4 - Assessed value in 1967 (base year) 
Agricultural land = 6384 
Industrial land = 5 
Commercial land = 265 
Residential land = 1240 
Agricultural land and bQildings = 12013 
etc. 

Then begins the comparable data sets for counties 
SECOND, THIRD, FOURTH, and FIFTH. 
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oeOl 

0002 
0003 
0004 
0005 

COC6 
0007 
0(1(,8 

0009 
0010 
C'Cll 
00)2 
0013 
0014 

OOI!> 
0016 
C017 
0018 
0019 

0070 
0021 

0022 
0023 
0024 
0025 

OOi6 
0027 
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.-
RELEASE 

C 

2.0 M~IN DAiE 17151 09/57135 

C 
C 
C 
C 
t 
t 
C 
C 
C 

~ 
C 
C 

( 
C 
C 

C 
( 
C 

C 
t 
C 

C 
C 
C 

C 
( 
C 

OHIO ~AND ILLOCATION MODEL: TAX HOOFLS 

DEVELOPED FOR OECD 8Y OSCAR FISCH AND 
~TEV~ GORDUN WITH A GRANT FRnM NASA 

PROGRAMMFO BY HARVEY CURRAN 

DIMENSION VARPR(7"AV8S(6),IREQ(11J,USERC8),DATEC5',CNTVC51 

READ USER DATA FOR RUN 
WRITE JlfADER PAGE 

RF#DC5 tIOO' NOCNTY,USER,DATE 
100 FORMAT I2,CA4!~A4) 

WRITEI6,~O' U~ER,OATE 
50 fORMATl'l'lllllSX,'OHIO LAND ALLOCATION MODELl TAX BASE HODELS'III 

ISX,BA411ISX,BA4) 
1=0 

III 1=1+1 

212 

213 

Z14 

IF II .EO. (~OtNTY+I" GO 10 199 

ZERO OUT INPUT ARRAYS 

00 212 J=I,7 
VARPRCJ)=O.O 
DC 213 J=I,8 
AVBSIJ'=O.O 
DO 214 J=hIl 
IREOIJ)=O 

READ INSTRUCTIONS FOR (OUNTY 

READCSt200) CNTY,NOMODS.8SYR,PRYR 
200 FO~MAT SA4JI3.1X.A4,IX,A4, 

READI5r300 JREO 
300 FORM" 1 1113) 

IF (NOMODS .Ll. II) IREQ(NOHODS + I. 

WRITf HEADER FOR COUNTY PAGE 
= 0 

WRITEC6 1001. CNTy,BSYR1PRYR 
1001 FORMATC l l',30X,"AX BASE PROJECTIONS FOR ',5A4,'COUNTY FROM " 

lA4,' TO '.A4) 

READ INPUT DATA FOR COUNTY 

RFADI5,S02) VARPR 
READ(SI503) AVeS 

S02 FORHAT 6FI0.0JF2.O) 
503 FORHAT 8FI0.0 

~RITE BA~E YE~R ASSESSED VALUES 

WRITEC6,I002) 
1002 FORHATCIII40X.'BASE YEAR ASSFSSED VALUES 'II41X,'lAND USE',20X, 

Program listing 
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0(21) 
(iC29 
0030 
0031 
!lO32 
0033 
003" 
0035 
Oe3t-
0037 
0038 
0039 
DOleD 
0041 
0042 
0043 
004" 

0045 
OO"b 

0047 
0048 
0049 
0(i!'0 
0051 

OO~2 
0053 
0054 
OO~S 
DO!>b 
0(\57 
0(158 
0059 

00"0 
0(161 
0(\~2 
0063 
0064 
00l-5 
OOl>t 
0067 
00t.8 
001:.9 
0010 
0071 
OC072 
0(173 
0074 
0015 

." 
./. 

,?~ 

RELEASE 2.0 MAIN DATE 17151 091'571'35 

C 
C 
C 
C 

l'lANO',IIX,'lAND AND BUILDINGS" 
DO 150 N=1,4 
OUTA=AVBSfN'*lCOO.O 
OU1B=OUTA+AV8SCN+4'*IOOO.O 
IF IN .EO. 1) WRIIEI6,1003) DUIA,OUTB 
IF IN .EO. 21 WRITEf6,10041 OUTA,OUTB 
IF IN .EO. 31 WR1TEI6,1005 OUTA,OUTS 
IF N .EO. 4J kRIlE 6,1006 OUTAtOUTB -

1003 FORM'T~4IX"'GRICULTURAL"IIX,FIZ.0,IOX'F12.0r 
1004 FORH'TC4IX,'INDUSTRIAL 1,IIX,fI2.0,IOX,FI2.0 
1005 FORHATC41X,'COHHERCIAL 1,llX,FI2.0,IOX,FI2.0) 
1006 fORMATf41X,'RESIDfNT1'l ',IIX,FI2.0,IOX,FI2.0' 

150 CONTINUE 
J=O 

20 J=J+l 
IF IJ .EO. 12) GO TO 25 
IF IIREQIJ' .EO. 0' GO TO 25 
HODEl=IREOCJ) 

CALCULATE ANO WRITE MODEL VALUES 

GO TO 11,2,3,",5,617S8t9110,ll)tMOOEl 
1 VALU~:ff.70UVARPR 6 + • 79*VARpR(5)+5322.15".YARPRC7J+3340.624)-

IAVCSll))*1000.0 . 
VAlUf=IV'LUE+500.'/1000. 
IVALUE=If IX I VAlliE) 
VALUE=IFLOATCIVAlUE)'*IOOO 
WRJlfC6,31) VALUE 

31 FORMATfIlIOX,'PIWJECTED CHANGE IN ASSESSED YALlIE OF I, 
I~ AGRICULTURAL LANO',5X,'S',FI2.0' 

GO TO 99 
2 VALUE=I.02818".V~RPRC3)**1.19937-AVBS(2J).IOOO.0 

IF IVAlUE .LE. 0.0) GO TO 98 
VALUE=CVAlUf+5VO.'/lOOO. 
IVAlUE=IFIXIV~lUE) 
VAlUE=CFlOATCIVAlUE))*IOOO 
WRITEC6,l2' VALUE . 

32 FORMATC//IOX,'PROJECTED CHANGE iN ASSESSED VALUE OF I, 
I 'INDUSTRIAL lAND',5X,'S',FI2.0i 
GO TO 99 

3 VALUF:I.153004.V~RPR(4) •• 1.16638-AVBSC3)).1000.0 
If CVAlUf .lE. 0.0' GO TO 98 

YAlUF=CVALUF+500.)/1000. 
IVALUE=lfIXCVAlUE' 
YAlUE=CFlOATCIVALUE»)*1000 
WRITEI6,33' VALUE 

33 FOPMATC//IOX,'PROJECTED CHANGE IN ASSESS~D VALUE OF " 
I'COMMERCIAL lANO',5X,"',FI2.0' 

GO TO 99 
4 VAlUE=C.004194*VARPRfl)**1.35015-AVBSI4"*lOOO.O 

IF (VALUE .lE. 0.0) GO TO 96 
VAlUf=CVAlUE+500·I/I000. 
IVALUE=IFIXCVAlU[ -
VAlUF=CflOATCIVAlUE')*1000 
WRJT£C6,34) VALUE . 

34 FOP.MAlC//IOX,'PROJECTEO CHANGE IN ASSESSED VALUE OF " 
l'RESIOENllAL lANO',5X,'S',FI2.0) 

Program L1~Ung (cont.) 
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FDR1R_, .fV (;1 

0076 
0(,71 

oon 
OOlfl 
0080 
00(11 
CCf2 
OHI3 

(·0114 
0(,65 
0(,136 
OUl'7 
(·Oll8 
('(>(19 
00.,0 
0(;91 

0092 
O()93 
00"4 
00'15 
CO., ... 
OC Q 7 
0098 
0('99 

0100 
0101 
Cle2 
(;llI3 
0104 
0le5 
0106 
0107 

,( 
OIGO w Ole9 

I () I 10 . ..... 0111 ;'0 
U1 0112 

0113 
( 0))4 

01lS 
0116 
0111 

0118 
0119 
0120 
0121 
0122 
oln 
0124 
0125 

i~ 
I; ~ 

{~,. 

RfLF.ASE 2.0 MAIN DATE &. 1151 091'571'35 

GO TO 99 
5 VAlUf= I 11.2339[1* VARPR IM+! .2P.098*VARPRIS '+lOI6.144*VARPR IlI+ 
I1f.~8.ge41-AVeS(5".1000.O 

IF (VALUE .LE. o.ot GO TO 98 
VAlUF=(VAlUE+5()O.'/1000. 
JVAlU(=-1 f IX I VALUE) 
VALUf:'FlCAT'JVAlUr, '*1000 
WRJTE(b,3~' VAlUF 

35 fORMAT(//H.'X,'PRftJECTEO CHANr.~ IN ASSESSED VALUE OF II 
IIM;RICULTURAL LANIi AND BUIlDINGS','S',Fl2.0' 

GO TO 'i9 
6 VAlUf=I.9210~9.V.RPR(3'*.1.064el-IAVBS(2'+AVBS(6"'*lO00.0. 

IF 'VALUE .lE. 0.0' GO TO ge 
VAlUf=(V~lU~+500.'/IOOO. 
IVALUE=lfJXIVAlUE' 
VALUf=IFlOATIIVALUE"*IOOO 
WR1TFI6,36' VALUE 

36 FORMATI//IOX,'PROJECTED CHANGE IN ASSESSfD VALUE OF " 
I'INDUSTRIAL LAND AND BUIlDINGS','S',F12.0' 

GO 10 99 
1 VALUE:(1.31333S*VARPRI4'**I.01888-IAVBSC),+AVBSI7"'*1000.0 

IF fVAlUE .LE. 0.0' GO 10 98 
VAlUE=(V~lUE.5tO.'/IOOO. 
IVALUE=IFJXeVAlU[' 
VALUE= I FLOAT IIVAllIFJ '*1000 
WRJTf'6,37t VAllIE 

37 FORMATe//IOX,'PROJECTED CHANGE IN ASSESSED VALUE OF " 
I'COMMFRCIAL LAND AND BUILDINGS','S',F12.0' 

GO TO '?9 
e VAlUE=(.065536~VARPR(I'**1.25601-IAVBSI4'+AV8SI8"'*1000.0 

IF IVAlUE .LE. 0.0' GO TO 98 
V£LUE=IVAlur4500.'/lOOO. 
JVAlUE=IFIxeVAlUF' 
VALUE=eFlOA1IIVALUE,,*1000 
WRITF(b,30' VALUE 

38 FORMATe/IlOX,'PROJECTED UIANGf IN ASSESSED VALUE OF " 
I'RFSIDENTIAl LAND AND BUIlDINGS','S',FI2.0' 

GO TO 99 . 
9 VALUE=.OI6&3*VARPR(3, 

IF IVAlUF .LE. 0.0' Gn TO 98 
WRITEI6,39' VALUE 

39 FORMATI//IOX,'PROVISIONAl PROJECTED NUMBER OF " 
1'lNDUSTRIAl PARlELS',5X,flO.0' 

GO TO 9<J 
10 VALUE=.1135*DELSFR 

IF IVAlUE .LE. 0.0' GO 10 98 
WRI1EI6,40' VALUE 

40 FOPMATe//IOX,'PReVISIONAl PROJECTED NUMBER OF " 
I'COMMEPCIAl PARCElS',5X,FIO.O' 

GO 10 99 
II VALUE=.23963*VARPRel' 

IF IVALUF .lE. 0.0' GO TO 98 
WRITE(6,41' VALUE 
GO TO 99 

41 FORMATI/110X,'PROVISIONAl PROJECTED NUM8ER OF " 
I'RESIDFNTIAl PARCELS'~5X.FIO.O' 

98 WRITEI6,960, ~ODflICN1Y . 
9~O FORMATI//IOX,'NO S GNIfICANT INCREASE IN HODEL ',12, 

Progr~m listing (cont.) 
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FORTRAI 't GI RELEASE 2.0 MAIN DATE = .151 09/57135 

0126 
0121 
0126 

C 
C 
C 

0129 
,)130 

0131 
01"'\2 

I' fOR ',5A4,' COL~TY') 99 GO TO 20 .... 
25 GO TO 111 

199 tONTINUr 

WRITE END OF RUN MESSAGE 

WRITEI6,400' USER,DATE 
400 FORMATI'l','rrrlJO LAND ALLOCATION HOOfl'///5X,'NORMAL COMPLETION' 

1/ 115X, 8A4/.l15X,5~.4) 
5TllP 
END 

Program Listing (cont.) 
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. TEST' RUN~, 
FIRST 

1 2 3 4 S 
'1119671972 

6 l' a. 9 10 11 
261'2 842 

, 5 265 
20500 

638"t . 
,SECONiJ , 
i .2 3 
""/110100 

26,750 
ThIRD 

11 1967 1972 
4 5 .6 ,~. ,8 9' 10 11, 

38111 16124 
. 2495 12510 

. 11 1967 1912 
1. ,2 3 4 " 5 6 7 8 9 1.0 11 

: 12268 7097 
651 2113 
,', '11 "1967 lq12 

1 

, 43800 
1053.3 

fOURTrl 
2 3 

1003:)iJ 
14552 

FIFTH 

'T ,5 6" 7 8 9 1: 0 11. 

1 '2 3' 4 
57000 
,4).41 ' 

5 

23934 12219' 
2576 7660 

11 1967 1972 
f.! 1 8 9 10'11 

7550 1374 
97 3328 

1'160 
1·240 

19708 
25731 

4824. 
9257 

10793 
20953 

5686 
6041 

Example Input Data Deck 

" 

) .,' 
\' 

3-107 

" 4222 
12013 

1034 
.38780 

,25134 
20821 

5055 
29914 

41'3 
83:']0 

"~( • ij,"'",l ~'~~"'""iIjIiii&i/'liillII!I"'iW"e _: ___ fA .. ' -,'I!IIZ;;I!!!!!D~ 

.t'~~ 

6541 0 
, sa 

8006- 1 
24531 

13111 0 
6i53 

11211 1 
21423 

3168' 'a 
966 

1644 

37456 

8696 

26910' 

13348 

7140 

·125717 

106207 

32118. 
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TAX BASE PROJECTIONS FOR fiRST C(JUNTY FROM )961 TO 1912 

BASE YEAR ASSESSED VALLES 

LAND USE 
AGR ICULTUR~L 
INDUSTRIAL 
COMMERCiAl 
RE:SIDENTIAL 

PROJECTED CHANGE IN ASSESSED VALUE OF AGRICULTU~AL LAND 

PROJECTED CHANGE IN ASSESSED VALUE OF INDUSTRIAL LAND 

LAND . 
638~OOU. 

500G. 
2650~O. 

1240000. 

$ 

$ 

6519593. 

85894. 

LAND A~O ~UILDINGS 
lH39tC)92. 

9~()O. 
190~O(). 
8380vOO. 

PROJECTED. CHANGE. IN ASSESSED .VA.LUE .OF._COMMER_CIAL _____ LAND __ .$. _____ 30.91~.9 .• _. ._-_._----
PROJECTED CHANGE IN ASSESSED VAllIE OF RESlDENTI AL LAND $ 1'-'38432. 

PROJECTED CHANGE IN ASSESSED VALUE OF AGRICULTURAL LAND AND BUILDINGS$ 9325142. 
PROJECTED CHANGE IN ASSESSED VAlUE OF INOUSTRiAl - - lANOANosliiltijNGSS ---·ffj5~q8:------ .. --------
P~OJECTED CHANGE IN ASSESSED VALUE UF COM~IERCIAL. LAND AND BUJlDINGSS 14'1024. 

PROJECTED CHANGE IN ASSESSED VALUE Uf RES JDENTI IL LAND AND BUILDINGSS U684216. 

PROVISIONAL PROJECTED NUMBER OF INDUSTRIAL PARCELS 16. 

PROVISIONAL PROJECTED NUHBER OF COMMERCIAt PARCELS 59T19~ 

PROVISIONAL PROJE(:TEO NUMBER OF RESIQENUAL PARCELL _. ___ .. _____ "'912. ____ ..: _________________ _ 

NO SIGNIFICANT INCREA~E IN MODEL 11 fOR fIRST (WNTY 

Test Runs -(cont.) 
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-·-nX-8ASE PROJECTIONS-FOR --.SECOIIIO-----·· -·-COUNT'IFROH--r .. t.7--10-i'n:r-----·-

. -bASE - YE AR. -l SS E S Sf 1I -VA tXJE·S .-- - ........ ---'---" ~------ -----.. - ------

LAND USE 
AGR 1 WLlUP At.. 

l tIOOSTRUL­
OMHERCIAL 

RES JOENTIAL 

NO SIGNIFICANT INCREAU IN HODEL 1 FOR SECOND 

UNO LAND AND fUILDINGS 
2~ 1!100(lO. . ... .___ _ t'.!i53. fij~r!I!.. __ . 

2495000. 2102 ~84. 
12510000. 4Q9bt,cH10. 
251~0992~ '151441984. 

.. ---_ ... _---------------

COUNTY 

f 

~ 
! 
~ 

'1 
PROJECTED' CHANGE IN ASSESSED VALUE OF' INDUSTRIAL --(A'ND- -. $-- ---64-06j)~f:_ .. ----- --.------... - ------------------------- t 

_PBQ"fC H!L CtWiGLI1LASSt;.sSED .VA LUEJjf . .tOMHERCJAL.. ___ .. LAND. .......... , .•. __ ._....al.1_l!t33_____. ._---- .. ------------------
PROJECTED CHANGE IN ASSESSED VALUE OF RESIDENTIAL LAND $ 502£1040. 

NO SIGNIFltANl INCREASE IN MODEL 5 FOR SECOND COUNTY 

.. - PROJECTED CHANGE -IN-ASSESSED" VALUE-OF--I.~mUS'TRI AC---nND- -A NO---6UITDJ NGS$-·-99663"3~~"----·--·-··· 

p~DJ~~TED CHANG!= !N A~H~SEIJ VA(..!.!E ()F tmtMERqA~._ ."~NQ ~NIL ~!.!H.QJNGSI . __ ._~~~~2~l ... _ -'. --- -.-- .. -.. ---r-"'---- __ . 
Q :;~ 

-' 1 ~.,,;J 

NO SIGNIFICANT INCREASE IN ~ODEL 8 FOR SECOND COUNIY ~~ . ..--; t'~. __________ _ 

PROVISIONAL PROJ~~~~~' ~~'M6'~~" O~·-·.-,;()~-;~-~·~~L-·· ~-~R~-E·L·S----··· -_ ... ~O~:· .. ----·--------------- ___ n. ___ sl 
PROVISIONAL PROJ[CTED NUM8ER OF COMMERCIAL' PARCelS····· 59779. 

~r. 

~"t1 
c:v;. 

".J:'_R9VI$.~()~AL P~Q"'~CHP.. NU~ilf:~ Pf_.Rf;~JDENnl\k Pl\RCI=LS,._ ... __ . __ .... 2~~8l~. --.-- .... -.--.-.. --.. ---.--.-.. -~.-i~rft----------

NO SIGNIFICAtH INCREASE IN MODel 11 FOR SECOND COUNTY ;1 en . 
--,. ---.- -.- --. - --.---------.---

Test Runs (cont.) 
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T~X BASE PROJECTIONS fUR THIRD CUUNTY FROM lQ61 10 1~12 .... -----------··-----f 

--1 BASE YEAR ASSESSH V,ALUES 

LAND USE LAND LAND AND f.UIUHNGS t 
.1(t533ClOCl •. - -~-- _ .... 313!> '::lJtt~ --. _ .. - -- ~- I 651(,0(.. 6I!O .. OOfJ. 

~H~ggg: ~2:gt~~~: 

AGRlCUlTlJRH 
INOUSTA.I AL . 
COMMERCIAL 
RES I DENTIAL 

-- .. - .. -~-----... ----
PROJECTED CHANGE IN AsseSSED VALUE OF AGRJ CULTURAL LAND. s SfJ449t.1 •• 

PROJECTED CHANGE IN ASSESS EO VALUE Of INDUSTRIAL LAND .~ $ 52(,639. ,-----

pRo.m::HD CHANGE, lti ASSfSSeD YM.Uf: OF CPMt1ERC IH ___ l.~ND ._. $ ._._._ 'l1J6.()l._. ____ . ___ ._._._. 

NO SIGNIFICANT INCREASE IN HODEL 4 FOR THIRD CllJNTY 
... - .. - ...... - . __ ... _------------------

PROJECTED CIfANGE IN ASSESS[[J VALUE OF AGk lCUL TURAL LAND Ar.&D BUILDIt.;GS$ 6526746. 

'PROJECTED 'CHANGE IN 'ASSESSED VALUEOF-INDU·STRIAL----(ANO 'ANO'BUILOiNGS ,"---"~9-0-765-;---··-------

. PROJfCTED CHAN(;e IN ~SSESSEO VAl-lIE Qf: CDI1HERCIAL_.UND ... AND Ill/ILDINGS,-. ~~1559.'1l0.~._ . ___ ~ _____ .. ~ _____ . 

NO SIGNIFICANT INCREASE IN HODEL B FOR HURD CCUNTY 

PROVISIONAL PROJECTED NUMBER'OF INDUSTRIAL PARCELS IE ... 

PROVISIUIIAL PHOJECHD NUf'lBER OF COMMERCIAL PARCELS !l9179. 

PRPVI S IOfllAL PROJECTED t-4UH8ER OF RES IDENTI AL .PARCELS._. ____ ._ lC1t96. _. __ . __ ... _ .. 

• ! 
I 
I 
r, 

I 

~ 
1 
J 

i 

.~ 
1] 

NO SIGNIFICANt INCREASE IN MODEL 11 FOR IHIRD COUNlY 
, i 

.. -~--.- .. ~--., --_._._ ... _-------
Test Runs (CQnt.)· 
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- lAX BASE PROJECTIONS FOR FOURiH----' - COUNT'V-FROK -)96i -'10--.-9"12"----
1 

, --,,- -- ",----- ,-,------ --- -------------BASE YEAICA'SSES-SEO"VALues-.-------'--------" --,,--, 

_. _________ . __ .. , __ U~YcHf~URAL___,._ .. _ ,,, __ Ht~~~3oc. ___ , .. ,_,!..AN~ ~.~2b~~h~1~~_:_ 
INDUSTRIAL 2516(;00. 2~99b992. 
COMMERCIAL 1660000. 3451GOC,C,. 
RESIDENTIAL - 20952992. 1211!iCj981t. 

------ ----.--------'--~----.. "--:: ~. __ • _____ .- _______ • ~_ •• _ • _____ '0 ____ _ 

( 

PROJECTED CHANGE IN ASSEsseD VALUE OF AGRICULTURAL LAND $ 7929527. 

"-. ~_ ''Ii< ~~-""'I 

. '~ 
-- ------- ---~ 

----~ 

-----1 
~ ----..,1 
~ 

'" 
- ~ 

1 -, 

, ---NO -SIGNIFICANT INCR-EASE-'IN-'HoOEC""2 FOR .. -. --FWRTif------- - -COO'(iY--- --------
_______________ ,tl 

~'. 
q 
! • 
~. I 

~~ 
~ . 

"~ I'" J;.s 
~., 

Ii: 

, _"" ______ P.RQJECJflL CHA NGLHLASS ESUD. _VALUE-Of_COHME.RClAL--.LAND-._i 7~02Jl .... __ ------~--j 
~; 
:1 

~! PROJEC1ED CHANGE IN ASSESSED VALUE OF RESlDEN1H.1, LAND $ 6161738. 

PROJECTED CHANG'E IN ASSESSED VALUE OF AGRICUL 1URAL LAND ,AND BUILDINGS$ 5211226. 

'---NO"SlGNIFItANT-INtRE'AS-E-IN--;'IODEC----6---FOR .... - -FOOR'TH----- ----tiiLiN-W---------

. _ .NO S IGNIF ltANT INCREASE. IN HODEL' _. _ 1 E'OR _ fOURTH ___ ---___ c ___ COONTY_ 

NO SIGNIFICAN1 INCREASE IN MODEL 8 FOR FOURTH COUNTY 
._ ••••• ____ • ~_ •• _ •• _ - _. , __ - _"_ --_ •• -_ ••• -0- •• ~ • _________ • ______ 0 __________ •• ______ • ____ .. ___ _ 

00 PROVISIONAL PROJECTED NUHBER OF INDUSTRIAL PARCELS 230. 
-n::u 
. "fi e PROVISIONAL PROJECTEONUHBER OF COMMERCIAL"PARCELS 59119; ,-------------------

OZ 
_~~ ... ___ PRQVISIOOAL. PROJECTED_NUMBfR. OF.. ,RES I DfN.ll ALP.ARCELS ______ 2!t03!!. 

----.-----_ ... 
,0'" 

.. c ~ 
l!1YI 

NO SIGNIFICANT INCREASE IN HODEL 11 FOR FIlJRTH CWNlY 

=i_ 
--<-flt-· -- ----- - " --- ,- ,-,. - -" , -- .,,- ,---- ---------

Test Runs (cont.) 
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TAX 8A~E PROJECTIONS FOR FIFfH 

BASE YEAR ASSESSEO VALUES 

LANO USE 
AGR lCULTURAL 
INDUSTRIAL 
COHMERl)Al 
RESIDENTIAL 

PROJfCTED CHANGE IN ASSESSEO VALUE Of AGRICULTURAL LAND 

PROJECTED CHANGE IN ASSESSED VALUE Of INDUSTRIAL LAND 

~ROJ~~rfDCHANGf ,~ ~SS~SSfD V~~UE .DF COMMERCI~L LAND _. 

PROJECTED CHANGE IN ASSESSED VALUE OF RESIDENTIAL LAND 

~AN[j 
4 41000. 

91tO(;. 
33280(1<'. 
6('410tO. 

$ 

$ 

, . 
$ 

COUNTY fROM 1961 1£1 1<;12 

LAND 

19u1316. 

6b535. 

._338352. ",_,0 

6601792. 

AND BUILDINGS 
J 1441(; OCl • 

1 (,f, ?{. r,c. 
1667tl'(iO. 
~H151l9l)2. 

PROJECTED CHANGE IN ASSES!fD VALUE Of AGRICULTURAL LAND AND 6UILDINGS$ 3997211 • 

PROJECTED CHANGE IN ASSESSED VALUE Of INDUSTRIAL LAND AND eUILDINGS $ 9723l10. 

NO SIGNlfJCANT INCReASE IN MODeL 1 FOR FIfTH CPUNlV. 

PROJECTED CHANGE IN ASSESSED VALUE {JF RES IDENllAL LAND ANO BUllDIWGS$ 2341112411. 

PROVISIONAL PROJECTED NUMBER OF INDUSTRIAl PARCELS 20. 

PROVISIONAL PROJECTED NUMBER OF COMMERCIAL PARCELS 59179. 
"' 

PROVISIONAL PROJECTED NUMBER Of RESIOENT~AL PARCE~~ 13~!J9, 

NO SIGNIFICANl INCREASE IN MODEL 11 fOR fifTH CWNTY 

Test Runs (cont.) 
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OHIO L~ND ALLOCATION MODEL: TAX ~ASE MODELS 

TEST RUNS 

FEBRU.RY 15. 1971 

Test Runs 

'. ,+., .-~ :~"i-'!~~;: .• ' 

,.::i"i"t~, 

'. 

Example runs use inaccurate projections. 

Thus results are not reliable. 
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TAX eASE PROJECTIONS FOR STARK' 

eASE YE~R ASSESSED VALUES 

LAND USE 
AtRJCULTURAl 
INDUSTRIAL 
CCMHERClAl 
"ESJDENTUL 

PROJECTED CHANGE IN ASSESSED VALUE OF INDUSTRIAL LAND 

PROJECtED CHANGE IN ASSESSED VALUE OF COMMERCIAL LAND 

.PROJECTED CHANGE IN ASSESSED VALUE OF RESIDENTIAL LAND 

COUNTY FROM 1970 TO 1985 

UNO 
38786992. 
11170000. 
50040000. 

119514992. 

$ 7437000. 

S 33124992. 

S 18640992. 

LAND AND BUILDINGS 
61219984. 
76932992. 

1491120992. 
525351680. 

PROJECTED CHANGE IN ASSESSED VALUE OF INDUSTRIAL LAND AND BUILDINGSS 59254000. 

PROJECtED CHANGE IN ASSESSED VALUE OF COMMERCIAL LAND AND BUILDINGSS 115252992. 

PROJECTED CHANGE IN ASSESSED VALUE OF RESIDENTIAL LAND AND BUILDINGS$ 212160000. 

PROVISIONAL PROJECTED NUMBER OF INPUSTRIAL PARCELS 1340. 

NO SIGNIFICANT INCREASE IN MODEL 10 FOR STARK • COUNTY 

PROVISIONAL PROJECTED NUMBER OF RESIDENTIAL PARCELS 104864. 

Test Runs (cont.) Example runs use inaccurate projections. 

Thus results are not reliable. 
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TAX BASE PROJECTIONS FOR ATHENS' 

6ASE YEAR ASSESSED VALUES 

LAND USE 
AGRICULTURAL 
INDUSTRIAL 
C.(JHMERCIAL 
RUIOENTIAL 

PROJl:tlEO ttlANGE IN -SSfSSEo VALUE OF INDUSTRIAL LAND 

PROJECTED CHAN~E IN ~SSESSED VALUF OF COMMERCIAL LAND 

PROJECTED CHANGE IN ASSESSED VALUE OF RESIDENTIAL L~ND 

UNO 
4145000. 
. 119000. 
3259000. 
6218000. 

s 

$ 

$ 

COUNTY FROM 1970 TO 1985 

277000. 

71,66000. 

7385000. 

LAND AND BUILDINGS 
9415000. 
2158000. 

14739000. 
35241,000. 

PROJECTED CHANGf. IN ASSESSED VALUE OF INDUSTRIAL LAND AND BUILOINGS$ 2302000. 

PROJECTED CHANGF IN ASSESSED VALUE OF COMMERCIAL LAND AND BUILDINGS$ 25124000. 

PROJECTED CHANGE IN ASSESSED VALUE OF RESIDENTIAL LAND AND BUILDINGS$ 30748000. 

PROVISIONAL PROJfCTED NUMBFR OF INDUSTRIAL PARCELS 54. 

NO SIGNIFICANT INCPEASE IN MnDEL 10 FOR ATHENS COUNTY 

PROVISIONAL PROJECTED NUMBFR OF RESIDENTIAL PARCELS 141,20. 

Test Runs (cont.) Example runs use inaccurate projections. 

Thus results are not reliable •. 
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.. """" TAX ~~SF PROJFCTIONS FOA 
"~,, 

,< H.MILTO 

BASE YEAR ASSESSED VALUES 
LAND USE 
AGR ICUL1 URAl 
HI)USTRIAL 
([,"MERC IA L 
RESIDENTIAL 

NO SIGNIFICANT INCREASE IN MODEL 2 FOR HAMILTON 

PROJfC1ED l~ANGF IN ASSESSED VALUE OF COMMERCIAL . LAND 

PROJECTED LHANGE IN ASSESSED VALUE OF RESIDENTIAL LAND 

NO SIGNIfICANT rNC~EASE IN HODEL 6 FOR HAMILTON 

COUNTY FROM 1970 TO 1985 

UNO 
4365000. 

93724992. 
187670992. 
427563176. 

COUNTY 

$ 82752992. 

S 217178000. 

COUNTY 

LAND AND 8UILDINGS 
5721000. 

401784832. 
486898560. 
620973568. 

PROJEC1ED CHANGE IN ASSESSED VALUE OF COMMERCIAL LAND AND BUILDINGS$ 300058880. 

PROJECTED CHANGE IN ASSESSED VALUE OF RESIDENTIAL LAND AND BUILDINGSS 1768982780. 

PROVISIONAL PROJECTED NUMBER OF INDUSTRIAL PARCELS 2595; 

NO SIGNIFICANT INCREASE IN MUDEL 10 FOR HAHILJON COUNTY 

PROVISIONAL PROJECTED NUMBER OF RESIDFNTIAL PARCELS 
2~1260. 

Test Runs (cont.) Example runs use inaccurate projections. 

Thus results are not reliable. 
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TAX 8ASE,PROJECTIONS fOR DEFUNL COUNTY FROM 1910 TO 1985 

eASE YEAR ASSESSED VALUES 
LAND USE 
AGRICULTURAL 
I NDUST!l hoL 
COHMF!\(~UL 
RES'lDF.NTIAL 

PROJECTED CHANGE IN ASS~SSED VALuE OF INDUSTRIAL LAND 

PROJf.CTED CHANGE IN ASSESSED VALUE Of COMMERCIAL LAND 

PROJECTED CHANGE IN ASSESSED VALUE OF RESIDENTIAL LAND 

LAND 
19226992. 

806000. 
2381000 • 
6980000. 

S 

S 

S 

331000. 

2525000. 

2132000. 

PROJECTED CH~NGE IN ASSESSED VALUE or INDUSTRIAL LAND AND BUILDINGSS 

PROJECTED CHANCE IN ASSESSED VALUE OF COMMERCIAL LAND AND BUILDINGSS 

LAND AND BUILDINGS 
21282992. 
104Dr.000. 
9981000. 

35036000. 

1036000. 

9349000. 

PROJECTED CHANGE IN ASSES~ED VALUE OF RESIDENTIAL LAND aND BUILDINGSS 10422000. 

PROVISIONAL PROJECTED NUMBER OF )NDUS1RIAL PARCELS 131. 

NO SIGNIFICANT INCREASE IN MODEL 10 FOR DEFIANCE COUNTY 

PROVISIONAL PROJECTED NUMBER Of RESIDENTIAL PARCELS J0717. 

Test Runs (cant.) 

,"'>hi:" ... ~ .• ' ; ,.......:;:$~""------, ,-; ': ... ." ~ 

".' 

Example runs use inaccurate projections 

Thus results'are not reliable. 
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TA)( BASE PROJECTIONS FOP., NOB.LE __ COUNTY F~O" 1970 TO 1985 

BASE YEAR ASSESSED VALUES 
UNO USE LAND 

3416000. 
20000. 

212000. 
820000. 

LAND AND BUILDINGS 
6670000. 
632000. 

1183000. 
5973000. 

Af,RICULTURAL 
INDUSTRIAL 
CCfIlMERCIAL 
R fS JDENTI AL 

PIlOJECTED CHANGE IN JSSESSED VALUE OF INDUSTRIAL UNO s 82000. 

PROJECTED C~ANGE IN AS~ESSED VALUf OF COMMERCIAL LAND S 605000. 

PROJECTED lHANGE IN ASSESSED VALU~ OF RESIOENTIAL UNO $ 614000. 

PROJECTED lHANGE IN ASSESSED VALUE OF INDUSTRIAL LAND AND BUILDINGS$ . 702000. 

PROJEC1ED CHANGE IN ASSESSED VALUE OF COMMERCIAL LAND AND BUILDINGSS 2501000. 

PROJEC1ED CHANGE IN ASSESSED VALUE OF RESIDENTIAL LAND AND BUILDINGSS 2164000. 

PROVISIONAL PROJECTED NUMBER OF INDUSTRIAL PARCELS 17. 

NO SIGNIFICANT INCREASE IN MODEL 10 FOR NOBLE COUNTY 

PROVISIoNH PROJEC1ED NUMBER OF. flESJDENTlAL PARCHS 2724. 

Test Runs (cont.) Example runs use inaccurate projections. 

Thus results are not reliable. 
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TAX BASE f'ROJECTlONS FOR LlCK1._ , 

BASE YEAR _SSESSfD VALUES 

LAND USE 
AGRJCUL TURAL 
INDUSTRIAL 
CCMMERCIAl 
R f S IOENT fAl 

PROJECTED CHANGE IN ASSESSED VALUE OF INDUSTRIAL LAND 

PROJECTED CHANGE IN ASSESSED VALUE OF COMMERCIAL LAND 

PROJECTED CtlANGE IN ASSESSED VALUE OF RESIDENTIAL LAND 

COUNTY FROM 1970 TO 1985 

LAND 
22484992. 

. 1218000. 
6057000. 

24244992. 

S 1801000. 

S 12279000. 

S 14608\)00. 

LAND AND BUILDINGS 
41937984. 
16287000. 
27413984. 

131073984. 

PROJECTED CHANGE IN ASSESSED VALUE OF INDUSTRIAL LAND AND BUILDINGSS 11336000. 

PROJECtED CHANGE IN ASSESSED VALUE OF COMMERCIAL LAND .AND BUILDINGSS 38050"00. 

PROJECTED CHANGE IN ASSESSED VALUE OF RESIDENTIAL LAND AND BUILDINGS$ 44106992. 

PROVISIONAL PROJEC1ED NUMBER OF INDUSTRIAL PARCELS 300. 

NO SIGNIFICANT INCREASE IN MODEL 10 FOR LICK ING CDUNTY 

PROVISIONAL PROJECTED NUMBER OF ~ESIDENTIAl PARCELS 31372. 

Test Runs (cont.) 

" ',,'1 ~l"';;fO' .~ -;.r "~;.'7r-~ 
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Example runs use inaccurate projections. 

Thus results are not reliable. 
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TAX eAS~ PR~J~~TIONS FOR FRANKL&' COUNTY FROM 1970 TO 198~ 

AASE YEAR ASSESSEO 
LAND USE 
AGR lCUL JURAL 
INDlISTRIAl 
CntMERCUl 
R[SIDENTlAl 

VAlUES 

LAND 
46772992. 
26768000. 

205758992. 
323817888. 

PROJECTEO CHANtE IN ASSESSED VALUE OF INDUSTRIAL LAND· S 4443000. 

PROJECTED CHANCE IN ASSESSED VALUE OF COMMERCIAL lAND S 90924000. 

PRUJECTED CHANG~ IN ~SSESSED VALUE OF RESIDENTIAL LAND S 267490'192. 

LAND AND BUILDINGS 
56596992. 

136018000. 
552355840 •. 

1206476800. 

PROJECTElJ lHANCE IN ASSESSED VALU~ OF INDUSTRIAL lAND AND BUIlDINGSS 79546992. 
PROJFClED CHANGE IN ASSESSED VALUE OF COMMERCIAL LAND AND BUIlOINGSS 307216896. 
PROJECTED CHANGE IN ASSESSED VALUE Of RfSIDENTIAL LAND AND eUILOINGSS 998852864. 

PP.UVISIONAl PROJfCTfD NUM~ER OF INDUS1RIAL PARCELS 2063. 

NO SIGNIFICANT INCREASE IN HODEL 10 FOR FRANKLIN COUNTY 

PROVISIONAL PROJECTED NUMBER OF RESIDENTIAL PARCELS 235682. 

Test Runs (cont;) 
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Example runs use inaccurate projections. 
Thus results are not reliable. 
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CHAPTER III-IV 

TESTS OF LANDSAT DATA AND IDDELS 

Chapter III of the Phase II rep~rt discusses the potential value of 

LANDSAT as a source ,of land use information and identifies~some technical 

problems which many reduce its value. The purpose of this test is to deter-

mine whether or not the LANDSAT land use data can be used to formulate empir-

ical models of land use change. 

Chapter III identifies two types of potential error. The potential 

error associated with the misalignment of pixels from two different LANDSAT 

scenes i~ referred to as Error 1. The potential error associated with mis­

classificati~n of land cover or land use due to similarities in spectral sig-

natures is referred to as Error 2. 

The report identifies three basic tests to be used in quantifying LAND-

SAT erro,rs. The first test is a comparison of the overall land use changes 

indicated by LANDSAT to a reliable measure of land use change obtained from 

a photo interpretation. The second test is a pixel-by-pixel comparison of 

LANDSAT data to air photo data to quantify misclassification. The third test 

is a comparison of the 1975 LANDSAT scene to a scene flown one day later to 

test for misalignment. This assumes no changes should occur in one day. 

The test area was the southern half of the SW Columbus USGS quad. Two co~ 

puter files had been prepared previously from air photos of the test area. 

These files were assumed to be an accurate picture of the land use and land 

cover in the test area in 1973 and 1975. (See,Phase II, p. 41.) 
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Five files were prepared from Bendix LANDSAT data at DNR. Three of 

these files were direct translations of the LANDSAT files for the test area 
in 1973, 1975, and a one-day gap in 1975. Because the 1973 and 1975 LANDSAT 
files were found to be misaligned with respect to the quad boundaries, two 

adjusted files were prepared, one shifting the 1973 file two columns to the 
west and the other shifting the 1975 file two rows to the south. 

The seven files used will be noted as follows: 

73 Air 
75 Air 
73R 
75R 
73A 
75A 
75S 

Air Photo 1973 
Air Photo 1975 
Unadjusted 1973 LANDSAT 
Unadjusted 1975 LANDSAT 
Adjusted 1973 LANDSAT 
Adjusted 1975 LANDSAT 
One day sidelap LANDSAT 

All files except 73A are 15,750 pixels (90 rows x 175 pixels/row). 
73A has only 173 pixels/row due to its shift. The shift was judged to have 
improved alignment to the quad boundaries because 

(1) Water is the most stable category •. 93 Pixels were 
water in both the 73R and 75R files, but 199 pixels matched as water in both the 73A and 75A files. Also, the LANDSAT and air photo files matched for 200 water pixels using 73A compared to only 160 using 73R and 405 pixels using 75A compared to 331 pixels using 75R. 

(2) The 75A file matched the 75S file better than the 75R file matched the 75S file. 

Pixels Agreeing 75R-75S 75A-75S 
Urban 477 900 
Res 1406 1 71 a. 
Vacant 897 1204 
Ag 361+2 4240 
3/ 174 296 
Water 228 422 

(3) In the Error 2 test, every category was better using the­adjusted files, i.e., a larger percentage of pixels were properly classified. Thus, using the adjusted files will produce a more conservative and probably more accurate assessment of the errors associated with the LANDSAT data. 
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Two PL/l programs were written to perform the tests. The first, 

called SWQUAD, was used to compare each LANDSAT file to the corresponding 

air photo file. Figure 3 is a flow chart of SWQUAD. The result of the pro-
gram was a 15 x 35 matrix, in raw numbers and percentages, of the joint dis-
tribution of pixels among the 15 LANDSAT codes and 30 air photo codes. Each 
cell of the matrix M ( I,J) indicates the number of pixels which ~ere 

assigned LANDSAT Code I and air photo code J. For,example M(4,12) would be 
-the number of pixels which LANDSAT classified code 21, Agricultural Thick 

Vegetation, and the air photo interpretation classified code 31, Agricultural 
vegetation. The complete list of codes and indices is as follows in 

Table 56. The second progr.am, CHANGES, was written to compare two LANDSAT 
files to two air photo files. Figure 4 is a flowchart of the CHANGES program. 
The categories were combined to reduce the number of possible outcomes to 
Industrial/Commercial, Residential, Vacant, and Agricultural. One air photo 
code, and three LANDSAT codes, were treated separately. The air photo code 7, 
Public has no corresponding LANDSAT code. There were about 1500 public pixels 
in each file. 

l~TDSAT codes 51 and 52, turbid and clear water were treated ~eparate1y 
beca.use there was no corresponding air photo code. LANDSAT code 80, unclass-
ified vyas also separated for the same reason. LANDSAT code 33 in 1973 (Range 
Meadows) and 31 in 1975 (Range Reclaimed/Urban) was treated separately to 
test its content. No code 31's appear in 73R or 73A and no code 33's appear 
in 75R, 75A, or 75S~ 

The result of the program is a series of four matrices. The first, Ml 

is a 16 x 16 matrix, with the indices representing the following conditions 
(shown in Table 57). 
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FIGURE 3.* 
FLew CHART: 
PROCSWaUAD 

* SEE KEY FOR EXPLANATION~ 
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INITIALIZE I 
COUNTERS~I 
MATRIX I 

I CI1E~~.R9Wu 
ROW = ROW + 1;: 

N=1 
NN= 1 

K-1 

ROW=O\' 
M=O 

. I 

,~ 

'I 

J 

.j 

I . 
i 
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I 
, I 

FIGURE 3 

READi 
FROMl 
LANDI 

SET I 
FROM 
LCODE 

SETJ I 
FROM ~ 
ACODEI 

ADD: I 
M(I,J) = I 
M(I,J) + 1: 

INCREMENT 
N, NN 
BY 3,:2 

"",...-- ~ .... -.-- - ~. "'-~_tt= ___ .. _ .. ~ ... ar'11"~'t~~' 
-T'~' ____ ,..._ •. -.,.".:t .... """ •.•. '''~:,,-,,'-'''"'"''''~_ .~., .... _".'""> _ ._ ,: ,,~~ 

.. ~ 
• 

NOI 

MATCH I 

NOI 

MATCHI 

YES; 

PRINT \ 
ERROR I 

PRINT I 
ERROR 

K=K+1:l 

GOTO~ 

GO TO! 
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'YES! 

N=1·! 
NN=1~'1 

K=1; \ 

" 1 , 

, 
J 

) 

CHECKRowl 
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FIGURE 3.\ 
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001 =1 TO 301 

SUM I 
COl.UMN I 

DO I = 1 TO 15; I 

SUM I 
ROWII 

M(*,I) = , 
M(*,I)/TC(I)I 

.*10(t 

PRINTl 
TRI 

. 
'!! 

lo{. 

i 
.;. i 

, 
• } , 
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" 

DECLARE 

FilES: 

COUNTERS: . 

STRUCTURES: 

VARIABLES: 

AIR DISK FILE FROM AIR PHOTOS 
LAND DISI( FILE FROM LANDSAT 

N 
NN 
K 

COLUMN COUNTER FOR AIR 
COLUMN COUNTER FOR LAND 
ROW COUNTER FOR AIR 

M(15,30) 15 LANDSAT CODES X 
30 AI R PHOTO CODES 

~~:~g:\ ~g~u~OJ ~~~~~;f9~. ~---.--. _ ......... -. J I 
ACODE, LCODE CODE FOR PIXEL FROM AIR, LAND . . 
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FIGURE 4.* I 
FLOWCHART: 
PROCEDURE CHANGES I 

INITIALIZE! i 

COUNTERS, I 
MATRICES, 
VARI~BLES . 

CHECKROW: ! 
ROv\=ROW+ 1 

·READ I 
FROM . 

t----.. AIR1, AIR2 \ 
LAND1, LAND2\ 

SETJ 1 
,FROM Al, A2 

N=2 
NN=1 
K=1 
ROW-o 

NOt 

MATCH! 

M1=O 
M2=O 
M3=O 
M4"0 

PRINT I 
ERROR! 

YESi GO TO; >--------- PUBLIC; 

. ·SEE KEY FOR EXPLANATION 
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PUB75-0 1 

PUB73-0 I 
PUB-G I 
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FIGURe 4l 

seT I I 
FROM/ 
L1, L2. 

M2(1,J)= ' 
M2(1,J)+11 

seT I 
FROM 
L1, L2 

M3(1,J)= ! 

M3(1,J)+1: 

~ ____________ N_O ____________ .~G:O~T~O~!'---~--~ 

N01 

MATCH: 

Yes! 

WATER:· 

PRINT I 
ERROR 

UNIOl 

PRINT I 
ERROR 
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seT I l 
FROM! 
L1, L21 

MATGHl, 
,.-_ ...... _--

M1 (I,J)= I 
M1 (I,J)+1! 

PRINT I 
ERROR: 

! 

. 
~. 
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FIGURE 4\ 

UNIDi 

YES! 

SET I I 
FROM, 
L1, L21 

M4(1,J):a. i 
M4(1,J)+1' 

GO TO! 

NO! GO TO; 

YESI 
PRINT I 
ERROR 

'"'011:"" ' " 
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N=N+3 I 
NN:aNN+2 

N=2 I 

K=K+1 1 

K=1 i 
I 

N=2 i 
NN=11 

GO TO; 

CHECKROW\ 

NO;GO TO! 

I ,! 

, , 

I 

NO GO TO 
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FIGURI! 4\ 

L 

~ . 
; . 

PRINTI 

DO 1=1 to 161 

TC1(1)=1 
. SUM(M(*,J)) I 

TR1(t)::\ 
SUM{M(I, *)) I 

DIVICE Ml (*,1). 
BY TC1(1) I 

(same for M2~M3, M4) i 
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I' KEY TO FIGURE 4; . 
I 

DECLARE: / 
/ 

FI L.ES: 1973 AIR PHOTO OR 1975 AIR PHOTO 

, 
, 
l 
) 

AIR l' 
AIR2 1975 AIR PHOTO OR NONE FOR 75A·75S COMPARISC 

COUNTERS: \ 

LAND 1 1973 A OR 1975A LANDSAT 
LAND 2 1975A or 1975S LANDSAT 

N I 
NN I 

. K I 

AIR1, AIR2 COLUMN COUNTER I 
LAND1, LAND2 COLUMN COUNTER I' 

AIR1, AIR2, ROW COUNTER 

STRUCTURES: M1(16,16):REGULAR CHANGE MATRIX 
TC1(16) M1 COLUMN TOTALS 
TR1(16)M2 ROW TOTALS 

VARIABLES: 

M2(13,16) 31/33 CHANGE MATRIX 
TC2(16) .M2 COLUMN TOTALS 
TR2(l3) ,M2 ROW TOTALS 
M3(13,16,-WATER CHANGE MATRIX 
TC3(16) :M3 COLUMN TOTALS 
TR3(13) : M3 ROWTOTALS . 
M4(.13,16}· UNCLASSIFIED CHANGE MATRIX 
TC4(16) i M4 COLUMN TOTALS' 
TR4{13) M4 ROW TOTALS 

A1,A2 
L1,L2 
PUB73 
PUB75 
PUB 
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PIXEL CODE FROM AIR1, AIR2 
PIXEL CODES FROM LAND1, LAND2 
PUBLIC PIXELS 1973 
PUBLIC PIXELS 1975 
PUBLIC PIXELS BOTH YEARS _'" .1 

, 
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I 
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t TABLE 56 

Matrix Indices for SWQUAD 

i( 
,~ LANDSAT CODES I* 

1-Urban 
11-Center 1 
12-Residential 2 
13-Residential/Range 3 
2-Agricul tural 
21-Thick Vegetation 4 
22-Thin Vegetation 5 
23-Bare Earth 6 
24--Pasture 7 
3-Range 
31-Reclaimed/Urban 8(75A, 75S) 
33-Meadows 8 (73A) 
34-Grassland 9 
4-Forest 
41-Forest 10 
5-Water 
51-Turbid 11 
52-Clear 12 
7*Barren 
73-Quarry 13 
74-Sand 14 
80-Unclassified 15 

r 
i 
~ 
I· 
I 

* Codes used in computer program 

( 
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AIR PHOTO CODES 

1-Recreation 
10-Bare Earth 
11-Vegetation 
12-Water 
14-Buildings 
15-Concrete/Asphalt 
2-0pen Space 
20-Bare Earth 
21-Vegetation 
22-Water 
24-Bui1dings 
25-Concrete/Asphalt 
3-Agriculture 
30-Bare Earth 
31-· Veg~ ta t.ion 
32-Water 
34-Buildings 
35-Concret~-Asphalt 
4-Commerci .. ll 
40-Bare Earth 
41-Vegetation 
42-Water 
44-Buildings 
45-Concrete/Aspha1t 
5-Industrial 
50-Bare Earth 
51-Vegetation 
52-Water 
54-Buildings 
55-Conrete/Asphalt 
6-Residential 
60-Bare Earth 
6l-Vegetation 
62-Water 
64-Buildings 
65-Concrete/Aspha1t 
7-PuL!ic 
70-Bare Earth 
71-Vegetation 
72-Water 
74-Bui1dings 
75-Concrete/Aspha1t 

J* 

1 
2 
3 
4 
5 

6 
7 
8 
9 

10 

11 
12 
13 
14 
15 

16 
17 
18. 
19 . 
20 

21 
22 
23 
24 
25 

26 
27 
28 
29 
30 

31 
32 
33 
34 
35 

~ l 

, , 
" : 

\ 

J 
I 

, , 



~ ~·'~:-jiJ.-a. J ? ,~_'{4g(." £<. " •• 
: , ..... -... 

TABLE 57 
• 

t. Ma trix Indices for CHANGES Ml.(16,16) 
~ 
j 

(LANDSAT) [Air Photo] (Rows) (Columns) 
From: I J 
Indlwtria1/Commercia1 (11) [4,5] 

'" 
To: 
I/c' (11) [4,5 ] 1 1 
Residential (12,13) [6] 2 2 
Vacant (34,41,73,74) [1,2] 3 3 
Agriculture' (21,22,23,24) [3] 4 4 

From: 
Residential (12,13) [6 ] 

To: 
Residential (l,2,13) 5 5 "J 

I/c (11) 6 6 ,}: 

Vacant 7 7 .' ;; 

.' AG 8 8 ,~ 

~ 

From: 

\, 
Vac4Ilt (34,41,7,3,74) [1,2] 

To: 
Vacant ' 9 9 
I/c 10 10 
Res 11 11 
AG 12 12 

From: 
Agricul ture (21,22,23,24) [3] 

To: 
AG 13 13 L I/c 14 14 i Res 15 15 '';; 

Vacant 16 16 L 

~ 

4 
i 

::-' 

" 

k 
( 

". i 

~? 

r 
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The diagonal elements represent the pixels for which both LANDSAT and 

the air photos agree as to the land use change. 

The second matrices, M2, M3 and M4 are 13 x 16 matrices, the columns 

, 
• being the same as MI, but the rows representing those in Table 58. 

The final output is the number of public pixels in 1973, the number 

of public pixels in 1975, and the number of pixels recorded as public in 

both years. 

Table 58 

" 



Gategory I 
/ 

TOTAL 

Table 59 

11 

12 

13 

21 

22 

23 

24 

31/33 

34 

41 

51 

52 

73 

74 

80 

. 

73 

349 
(2.2) 

0 
(0.0) 
4839 
30.7 
6210 
39.4 
1479 

9.4 
57 

.4 
0 

1445 
9.2 
250 
1.6 
156 
1.0 
312 
2.0 
0 

212 
1.3 
152 
1.0 
289 
1.8 

15750 

LANDSAT DISTRIBUTION AMONG THREE SCENES 

II PIXELS (PERCENTAGE) 

73A 75 75A 

349 454 457 
(2.2) (2.8) (2.9) 

0 2164 2281 
(0.0) (13.7) (14.5) 
4809 1165 1214 
30.8 7.4 7.7 
6113 509 474 
39.3 3.2 3.0 
1450 7283 7186 
9.3 46.2 45.6 
56 47 46 

.4 .3 .3 
0 421 433 

2.7 2.7 
1439 1114 1098 
9.2 7.1 7.0 
250 430 392 
1.6 2.7 2.5 
155 807 821 
1.0 5.1 5.2 
312 632 632 
2°.0 4.0 4.0 
0 30 30 

.2 .2 
202 348 346 
1.3 2.2 2.2 
148 278 272 
1.0 1.8 1.8 
287 68 68 
1.8 .4 .4 

15570 15750 15750 
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75S 

576 
(3.7) 
2640 
16.8 

671 
4.3 
273 
1.7 

5494 
34.9 

22 
.1 
234 
1.5 

2486 
15.8 

178 
1.1 

1693 
10.7 

663 
4.2 
59 
.4 

390 
2.5 
285 
1.8 

86 
.5 

15750 

, 
J 

. ; 

I~ -, 

! 
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Tes t Resu1 ts 

Before considering Error 1 and Error 2 it is necessary to discuss the 

inconsistency of the training sets for the three LANDSAT scenes (73,75,75S). 

First, codes 12,24,31, and 52 do not appear in the 1973 scene and code 33 

appears only in the 1973 scene. Second, the number of pixels in several 

categories vary illogically among the three scenes. Table 59 shows the dis-

tribution of pixels among the LANDSAT categories.' 

Overall Land Use Change 

Some peculiar results are also obtained in the categorization of over-

all land use change: These are shown in Table 60. . 

TABLE 60 

ACRES 
73A-75A 73A-75S Air Photo 

Ind/Comm +118.8 +249.7 +125.4 
Res -1445.5 -1647.8 +366.3 
Vacant +1161.6 +1970.1 -480.7 
Ag +572.0 -1855.6 -26.4 
Public 15.4 

Note': Pixels with LANDSAT codes 31,33,51,52,80 in either scene excluded. 
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Error 1 

Comparison of the 75A and 75S LANDSAT files was used to test the ex-

tent of Error 1 (misalignment). The test assumes that no change should be 

found in one day unless misalignment errors occur. Using the four aggre-

gated categories (Industrial/Commercial, Residential, Vacant and Agricul-

ture) , the results show that roughly 60% of the Ind/Comm, Res, and Ag cate-

gory pixels matched, and 35.8% of the Vacant category pixels matched. The 

previously noted differences in the training sets make these results diffi-

cult to interpret. Much of the 40% - 65% misalignment may have resulted 

from the training set problem. 

Error 2 

Comparisons of each LANDSAT file to the corresponding air photo files 

revealed many misclassification problems. As anticipated, the main problem 

is land uses that have ,similar land covers. Tables 61-6'5 show t~~ percent 

correct classifications and the primary misclassffications for e'ach air photo 

land use category except Recreation and Public. Recreation was not analyzed 

because it contained fewer than 200 pixels. Public was not analyzed because 

it contained pixels like each of the other categories except for public own-

ership and analysis would be redundant. One air photo industrial code, 52 

(Industrial Water) was excluded from the industrial analysis because not all 

LANDSAT water pixels were quarries. 

LANDSAT performed best for Open Space (88% correct for 75S) and worst 

for industrial ( 15%) and commercial ( 10%). Changes in the training sets 

improved commercial and open space accuracy, but the change for 75S reduced 

accuracy for agriculture. The doubling of the number of forest pixels during 

the one day gap supports recent evidence of corn fields being labelled forest 

in the latest training sets. 
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t . 
r 
: The conclusion of the Error 2 test is that substantial errors do exist~ 

MOdification of the results is made difficult by the spread across time cate-

gories of some codes (See Table 56) •. An algorithm for adjustment would be 

difficult to construct. 
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.~ 

Analysis of LANDSAT Errors 

Open Space 

t.~ , 

Adj. Adj. Side j 

73 73 75 75 75 

No. of Pixels .4900 4853 4463 4463 4463 

% Correct 70.5 72.5 80.1 88.2 85.2 

Correc t Ca te-
gories: 

.; 
~. 

AG Thick Veg. 2521 2583 203 230 108 
51.4 53.2 4.5 5.2 2.4 

AG Thin Veg. 381 378 2555 2776 2105 
7.8 7.8 57.2 62.2 47.2 

-" ~I 

Meadows 359 337 259 268 673 J.j 7.3 6.9 5.8 6.0 15.1 
~ I 

Grasslands 132 146 153 150 66 
: .. 

2.7 3.0 3.4 3.4 1.5 , 
I 

" 
" i I 

Forest 66 77 294 410 779 
( 1.3 1.6 6.6 9.2 17.5 

Pasture 0 0 .114 100 67 
2.6 2.2 1.5 

Errors 
Categories: 

13 1191 1129 256 148 94 
24.3 23.3 5.7 3.3 2.1 

73 50 47 100 37 81 
1.0 1.0 2.2 .8 1.8 r 

74 25 24 35 8 14 I· 
• .5 .5 .8 .2 .3 ~;.J 

~ 
80 98 87 10 12 12 ! 

2.0 1.8 .2 .3 .3 ~ 

I 
11 34 16 49 26 50 ~ ;;' 

~ .. .7 .3 1.1 .6 1.1 ~ 
:'\ , 

., 12 0 0 398 261 369 ,. 
8.9 5.8 8.3 

f"' ~ 
It 
:i 

~ 

t r 3-141 

L. ;)Sb -, ~ .:. ,. 
-;:;.' ", . 

------<'.- _ .... - .. ,~ . 



f"- ---P-'::¥4IC .~_;;.$_A 

J 'M_ -----

l' 
r , 

,J 
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" 
, 
F 

l 
G., 
r , 
r 
I, 

i 1 
~ .. 
J 
[ 

[ 
t 

• '~ ...... 

No • 0 f Pixels 

% Correct 

Correct 
Categories: 

21 

22 

23 

24 

Error Categories: 
13 

33/31 

34 

41 

73 

74 

80 

12 

73 

2459 

60.4 

1221 
49.7 

242 
9.8 

23 
.9 

0 

648 
26.4 

187 
7.6 

31 
1.3 

44 
1.8 

27 
1.1 

25 
1.0 

11 
.4 

0 

Analysis of LANDSAT 
Data Agriculture 

A 
73 

2459 

61.3 

1267 
. 51.5 

227 
9.2 

15 
.6 

0 

634 
25.8 

184 
7.5 

37 
1.5 

47 
1.9 

19 
.8 

19 
.8 

10 
.4 

0 
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75 

2436 

76.4 

200 
8.2 

1591 
65.3 

5 
.2 

65 
2.7 

19 
.8 

129 
5.3 

150 
6.2 

204 
8.4 

6 
.2 

1 
.04 

8 
.3 

52 
2.1 

A 
75 

2436 

76.5 

219 
9.0 

1582 
64.9 

12 
.5 

50 
2.1 

10 
.4 

125 
5.1 

181 
7.4 

221 
9.1 

1 
.04 

0 

9 
.4 

24 
1.0 

Table 62 

S 
75 

2436 

59.6 

134 
5.5 

1289 
52.9 

3 
.1 

27 
1.1 

26 
1.1 

302 
12.4 

77 
3.2 

519 
21.3 

4 
.2 

0 

4 
.2 

49 
2.0 

rJ57 

( . r 
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Analysis of LANDSAT 
Data CODlIlercia1 

Adjusted 
73 73 75 

No. of Pixels 673 657 720 
% Correct: .6 .9 7.5 
(11) Urban Center 4 6 54 

Major Errors: 

(13) Res Range 277 284 59 
41.2 43.2 8.2 

(21) Ag Thick Veg 238 204 18 
35.4 31.2 2.5 

(22) Ag Thin Veg 51 58 291 
7.6 8.8 40.4 

(33) Meadows 52 52 41 (31) R/U (75) 7.6 7.9 5.7 
(73) Quarry' 23 26 18 

3.4 4.0 2.5 
(12) Res 0 0 153 

21.3 
(41) Forest 2 3 16 

.3 .5 2.2 
647 613 640 

Pasture 

Definitely changed training sets for: 

Res Range 
Urban Res 
Range/Urban/Reclaimed 
Ag Thick Veg 
Ag Thin Veg 
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&~ Table 63 

Adjusted Side1ap , 
j 75 75 , 
.' 

720 720 

8.5 7.1 /' 

61 51 

95 51 
13.2 7.1 

5 2 
.7 .3 

195 ]l89 
27.1 26.3 

58 126 
8.1 17.5 

34 23 
4.7 3;.2 

164 144 
22.8 20.0 

9 34 
1.3 4.7 
619 590 

48 41 
6.7 5.7 

t 

r '; 

dSt .. , 
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Analysis of LANDSAT 
Data Industrial (No Water) 

73 
Adj. Adj. Side1ap 

73 75 75 75 
" 

No. of Pixels 1420 1379 1487 1487 1487 

12.9 10.0 11.4 10.8 
...-Correct % 10.4 

(11) Urban Center 147 178 149 170 161 

Major Error Categories: 

12 0 0 242 
; 

236 244 
16.3 15.8 16.4 

13 349 331 130 152 160 
24.6 24.0 8.7 10.2 10.8 

21 406 448 6 4 2 
28.5 32.5 .4 .3 .1 

22 229 225 287 279 286 
16.1 16.3 19.3 18.,8 19.2 

31/33 68 73 133 135 183 
4.8 5.3 8.9 9.1 12.3 

41 8 5 56 34 58 , .6 .4 3.8 2.3 3.9 
!, 51 122 93 228 152 161 8.6 6.7 15.3 10.2 10.8 

73 '~9 64 69 84 73 
3.5 4.6 4.6 5.6 4.9 

74 52 64 150 169 172 
3'.7 4.6 10.1 11.4 11.6 

80 46 47 21 22 29 
3.2 3.4 1.4 1.5 2.0 

~ 
'( 

" 
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Analysis of LANDSAT 
Data Residential 

l, 
Adj. Adj. Side1ap 

73 73 75 75 75 

No. of Pixels 3808 3850 4201 4201 4201 

Correct % 43.1 49.5 33.7 41.3 42.3 

12 0 0 856 1082 1361 
20.4 25'.8 32.4 

13 1666 1773 558 651 341 
43.1 49.5 13.3 15.5 8.1 

Major Error Categories: 

21 1318 1208 61 4 5 
34.1 33.7 1.5 .1 •. 1 .i 

22. 164 156 1934 1846 1263 
4.2 4.4 46.0 43.9 6.3 

31/33 583 596 264 232 723 
·1 

15.0 16.6 6.3 5.5 17.2 

80 48 46 9 5 10 
1.2 1.3 .2 .1 2.4 

11 11 7 38 30 60 
.3 .2 .9 .7 1.4 

24 0 0 146 123 46 
3.5 2.9 1.1 

34 18 19 76 35 19 
.5 .5 1.8 .8 .4 

41 20' 14 132 55 177 
.5 .4 3.1 1.3 4.2 

73 21 17 63 76 117 
.5 .5 1.5 1.8 2.8 
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LANDSAT: 12 
Air: 1 Rec 

2 Open 
3 Ag 
4 Comm 
5 Ind 

Match 6 Res 
7 Pub 

LANDSAT: 13 
Air: 1 Rec 

2 Open 
3 Ag 
4 Comm 
5 Ind 

Match 6 Res 
7 Pub 

LANDSAT: 
Air: 

Match 

21 
1 
2 
3 Ag 
4 
5 
6 
7 

LANDSAT: 51 
Air: 
Ind Water 42 MATCH 

21 
Pub. 
Water 72 

Ind Bare 50 
Ind Veg 51 

Other 

LANDSAT: 80 
Air: 1 

2 
3 
4 
5 
6 
7 

Analys.is of LANDSAT 
Data-:J?rQhlem.Ca~e8ories 

73A 

Q 
o 
o 
o 
o 
o 
o 
o 

4809 
75 

1129 
634 
284 
474 

1773 
440 

611..3 
71 

2583 
1267 

2Q4 
345 

1208 
435 

312 

1.6 
23.4 
13.1 

5.9 
9.9 

36.9 
9.1 

1.2 
42.3 
20.7 
3.3 
5.6 

19.8 
7.1 

176 56.4 
o 
24 7.7 
56 17.9 
22 7 .. 1 
34 10.9 

287 
o 
87 30.3 
10 3.5 

9 3.1 
81 28.2 
46 16. 
54 18.8 
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75A 

2281 
43 

2:75 
24 

164 
347 

1082 
350 

1.214 
10 

148 
10 
95 

175 
651 
125 

474 
o 

230 
219 

5 
5 
4 

11 

632 

1.9 
12.1 
1.1 
7.3 

15.2 
47.·4 
15.3 

.8 
12.2 

.8 
7.8 

14.4 
53.6 
10.3 

48.5· 
46.2 
1.1 
1.1 

.8 
2.3 

37.3 59.0 
9 1.4 

32 5.1 
106 16.8 

28 4.4 
84 13.3 

68 
2 2.9 

12 17.6 
9 13.2 
4 5.9 

33 48.5 
5 7.4 
3 4.4 

75S 

2640 
35 

369 
49 

154 
331 

1361 
341 

671 
7 

94 
26 
51 

103 
341 
49 

273 
o 

108 
134 

2· 
2 
5 

22 

663 

.• 2 
14.0 
1.9 . 
5.8 

12.5 
51.6 
12.9 

1.0 
14.0 

3.9 
7.6 

15.4 
50.8 
7.3 

39.6 
49.1 

.7 

.7 
1.8 
8.1 

339 51.1 
33 5.0 

52 7.8 
102 15.4 

42 6.3 
95 14.3 

86 
o 
12 14.0 

4 4.7 
5 5.8 

41 47.7 
10 11.6 
14 16.3 

) 
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Problem Codes 

t~', 
73A 75A 75S 

LANDSAT: 22 1450 7186 5494 
AIR: 1 14 1.0 60 8.3 49 .9 

2 378 '26.1 2776 38.6 2105 38.3 
3 Ag 228 15.7 1584 22.0 1289 23.5 
4 58 4.0 195 2.7 189 3.4 
5 361 24.9 317 4.4 265 4.8 
6 156 10.8 1846 25.7 1273 23.2 
7 .255 17.6 408 5.7 324 5.9 

LANDSAT: 31/33 1439 1098 2486 
.AIR: 1 23 1.6 20 1.8 46 1.9 
MATCH 2 Open 337 23.4 268 24.4 673 27.1 

3 184 12.8 125 11.4 302 12.1 
4 52 3.6 58 5.3 126 5.1 
5 83 5.8 294 26.8 283 11.4 
6 596 41.4 232 21.1 723 29.1 
7 164 11.4 201 18.3 333 13.4 

LANDSAT: 41 155 821 1693 
1 0 4 .5 0 

MATCH 2 Open 77 49.7 410 49.9 779 46.0 
3 47 30.3 221 26.9 521 30.7 
4 3 1.9 9 1.1 44 2.6 
5 9 5.8 53 6.5 67 4.0 
6 14 9.0 55 6.7 177 10.5 
7 5 3.2 ,69 8.4 105 6.2 

J..,J) 
~"""""'~~4 
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Tests of LANDSAT Data in Socio-Economic Models 

The mtcro-level test~ of the LANDSAT data would indicate a high degree 

of doubt with regard to the accuracy of the data. It may be, however, that 

at a macro level of analysis - the county the summary data for LANDSAT are 

more accurate and that they may yet fit a statistical model such as the tax 

models. In order to test this hypothesis summary data were obtained for the 

1976 LANDSAT interpretation of Ohio for 76 of the 88 counties in Ohio. The 

data for the remaining twelve counties were not available but an 86% sample is 

more than sufficient to test the statistical reliability of the data. 

Data were obtained on tape from the Ohio Department of Natural Resources. 

The data were formatted with a county number, a county name, a LANDSAT cate-

gory and an acreage figure. Only non-zero categories were on the tape. Thus, 

the first step in the analysis was t~ write a s~l program to fill in the zero 

( acre categories. Following this, correlation and regression analyses were per-

formed using SPSS. Data were input in the same form as for the tax models. 

Here, though, a LANDSAT category of land use, in acres, is the dependent vari-

able, and population and employment data are the independent variables. 

t , 
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Results of the Macro Level and MOdeling Tests 

Table 69 is the list of variables used in the analysis. Table 67 shows 

the correlations among these variables. One way of analyzing the possibility 

of macro level errors is by comparing the correlations among the land use vari-

abIes as defined by LANDSAT and those among land use variables as defined by 

tax categories. The ~ax category correlations are shown in Table 68. Here 

one can see that the correlations among LANDSAT categories is generally low. 

The highest coefficient is between urban center and urban residential (.56). 

All other correlations approach zero. In contrast, with the exception of agri-

culture, correlations among the tax categories were all above O. 90. In general, 

one would expect a high degree of correlation among urban categories and a 

high correlation between urban and agricultural categories. Failure to show 

such correlation is an indicator of misclassification. Thus, this first stat-

istical test of the LANDSAT data shows some potential problems with the data. 

A second analysis was carried out using regression. Here, the dependent 

variable was always a LANDSAT category and the independent variables were em-

ployment and estimated population. These regression equations are of the same 

form as the tax models. If the LANDSAT data are accurate at the macro level, 

statistically significant regression equations should result. Table 70 shows 

these regression results. One can see that in general, the level of explan-

ation of these models is very low (Adjusted R Square x 100%). The exception 

to this is·for urban residential which has an R2 value of .73. One surprising 

result is that agricultural then ~egetation has a significant relationship with 

the socio-economic variab~es. Since these variables are all urban oriented 

employment, it would appear that there is significant misclassification of urban 

land into this agricultural category. 
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Table 67 

Correlations Among LANDSAT Categories 

t .. 
'I Variables 

V03 V04 V05 V06 V07 V08 V09 
V03 1.0 

V04 0.56 

V05 0.09 0:.09 1.0 J ,. 
" 

! 

V06 0.19 01.10 0.18 1.0 

V07 0.07 0.27 0.02 0.23 1.0 

V08 0.17 0.21 0.41 0.21 -0.14 1.0 

V09 0.01 0.38 -0.07 0.25 0.46 -0.30 1.0 
r; 

,; 1 

> , 
i 
" 

Table 68 

Correlations Among Tax Categories 

Agricultural Industrial Commercial., Residential 

Agricultural 1.0 

Industrial -0.09 1.0 

Commercial 
j 

0.95 t 1.0 .~ 
-0.02 

Residential -0.01 0.97 0.99 1.0 } 

I 

,! 

I 

'-1 '-;1 
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t ,- , lEST Vi lNDSAT DAlA AT MACRO lEVll WJlH S[JCIOI'ECONOMIC DATA 

~t \ DOCUMENTATION FOR SPSS FILE 'NEW.NRST" 

~'. LIST OF l~E I SUBFILES COMPRISING TPE fILE 

,.,~ 

051'311'77 

!i NeW.HRST N= 76 

i 
·1 

OllCUHENIAllON FO~ THE 39 VARlA8LES IN THE FILE 'NEW.NRST' 

Rft VARIABLE VARIABLE LARfL HISSING PRT 
POS NAME VALUES fHT 

I SECNUM NONE 0 

2 S~FIlE NONE A 

II 
.1 

3 USWGT NONE '4 
~j 

" VOl 

~ 5 VOl 

f:. V03 
Ii 7 VOt. il 

COUNTY NO NONE 0 

COUNTY NAME NONE 0 

ACRES URP- CENTER NONE 0 

ACRES URB RESIDENT NONE. 0 
fj V05 UR~AN RES RANGF NONE 0 
9 \106 AG THICK VEG NONE 0 

1(' V07 AG THIN VFG NONE 0 

11 VCR AG BARF SOIL NONF. 0 

12 V09 AG PASTURE NONE 0 
w 
I n VIO ...... RANGELAND lJRflAN NONE 0 

( tTl 14 Vll ...... RANGELANDSCRUBLAND NONE 0 
15 VIZ RANGELAND MEADOWS NONE 0 
It. \113 RANGELAND GRAS~LAND NONE 0 

n V14 FOREST MIXED NONE 0 

18 VIS WATER TURflID NONE 0 
19 VII> 

~ f 
I' 

WATER CLFAR NONE 0 

·l , Table 69 list of'Variables in Regression Analysis 
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ti 
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TEST O~ ~DSAT DATA AT MACRO LEVEL WITH SOCIO,eCONOMIC DATA 

("" 

( 

t. 

tAl 
I 
--' 

" 01 "N 

DOCUMENTAT ION FClR THE 39 VARIABLES IN THE FILE 'NEW.NRST' 

REL VARIABLE VARIABLE LABEL 
puS NAME 

20 V17 WETUND NONFORESTED 

21 V18 WETLAND fORESTED 
22 V19 BARREN BAilE 

23 VeO BARREN UR8AN 

24 V21 BARRfN QUARRY 

25 V22 flARREN SAND 

26 V23 BARREN SETTLING POND 

n V24 UN IDENTl FIfO 

2B V25 UNLIStED 

29 V26 EST 1974 POP 

30 V27 TOTAL EMPLOY 

31 V28 MINING EMPLOV 

31 V29 CONSTRUCTION EMPLOY 

33 V30 MFG fMPl[iY 

34 V31 TRANS EMPLOY 

35 V?·2 WHOLESALE EMPLOY 

31> V33 fINANCE EMPLOY 

37 V34 SERVICE EMPLOY 

38 V35 GOVERNMENT EMPLOY 

39 V36 CARD NO 

MISSING PRT 
VALUES FMT 

NONE 0 

NONE 0 
NONE 0 

NONE 0 

NONE 0 

N(fNE .' 0 

NONE. 0 

NONE 0 

NONE 0 

999999. 0 

999999. 0 

999999. O. 
999999. 0 

999999. 0 

999999. 0 

999999. 0 

999999. 0 

999999. 0 

999999. 0 

999999. 0 

05'3.,77 

Table 69 (cont.) list of Variables in Regression Analysis 
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~ 
.1 

("" r 
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* * * * * * * * * • • * * * • • • • • * • •• M U L T J P L E REGRESSION ••••••••••••• VARIABLE LIST I 
REGRESSION LIST 1 

( DEPEND£NT VARIABLE.. V03 ACkES URB CENTER 

VARIhRlfIS) ENTERED ON STEP NUMBfR 1 •• 

( 

HULTI~lE R 0.64559 
R SOUA~F O.41~7a 
ADJUSTED R SQUARE O.321P~ 
STANDARO ERROR 21L2.2Q257 

V26 vn 
V30 
V31 
V32 
V33 
V34 

EST 1974 POP 
TOTAL EMPLOY 
~IFG EMPLOY 
TRANS EMPLOY 
WHOLESALE EMPLOY 
FINANCE HIPLOY 
SERVICE EMPLOY 

ANALYSIS OF VARIANCE 
REGRESSION 

,RESIDUAL 

-------------- VARlAeLES IN TH[ EClUATJON -----------------
VARI~PlE B BETA STO ERROR B F 

.( 

( 

V26 
V21 
V30 
V31 
V32 
V33 
V?4 
ICON5UNTI 

0.00604 
0.072l!6 

-0.22324 
-0.29165 

0.01946 
-0.94677 
-().19258 

7711.5'1401 

0.44992 
2.29103 

-2.16154 
-('.4el-()b 

6.51(J14 
-I.SP763 
-4.47B41 

All VAPIABlES ARE IN THE EQl~TION 

W 
I 
--' 
01 
W 

.~ 
~, 

<:::>-q 

Table 70 

~ .~....,,,, ~",~....-, ~ ..... 

,......' , . .," ... ,' '~Afl~._" ,.,. . " .. it,· .... .. '" ~# , -,-, 

0.02400 
0.35952 
0.31396 
0.6e643 
0.60003 
CI.927IO 
0.54122 

0.063 
0.041 
0.~06 
0.188 
1.865 
1.043 
2.145 

Regressi,on results 

OF 
1. 

43. 
SUM OF SQUARES 

138395459.91579 
193660980.59402 

MEAN SQUARE 
19770779.98797 
4503743.73474 

------------- VARIABLES NOT IN THE EQUATION 
VARIABLE BETA IN 

... ,'~- "--'-' 

PARTIAL 

o ,>"j 

-0 ~~~~ 
-0 t:~ 
4'.; ~ 
O$; 
::or: 
f::,) '1J 
cl:t 
:t=oG:! rm 
~iiS 

TOLERANCE 

. .. \ .....•. 

F 
4.38985 

F 

." '~_~~!l . _ .,. ~_,_ •. ~ ~ -, 
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TEST fl. "ANDSAT DAlA AT MACRO LEVEL WITH ~tCI0I'ECONOMIC DATA 

FILE NEW.NR~T (CRlATION DATE = 051'Ze/77J 

* * * * * * * * * * * * * • * • * * • * • * * M U L TIP L E 
O[PENOFNT VARIA8LE.. V03 ACRES l~~ CENTER 

REG RES S ION 

VARIAPLE 

V26 
VZ7 
V30 
V31 
V32 
V33 
V~4 
CCONSlANTJ 

" . -

ES T 1974 P(lP 
TOTAL EMPLOY 
HfG EMPLOY 
TR ANS EMPLOY 
WHOLESALf EMPLOY 
H NANC E EMPLOY 
SERVICE FMPLOV 

Table 70 (cont.) 

f, • 

SUMMARY TABLE 
MULTIPLE R R S~UARE RSO CHANGE 

0.412b6 0.11029 0.17029 0.45199 0.20419 0.03401 0.55396 0.30687 0.10257 0.56507 0.31931 0.01244 0.62182 0.38665 0.06735 0.62265 0.38770 0.00104 0.64559 0.41678 0.02909 

Regression Results 

05/311'77 PAGE 7 
r-­
" 

-=-:-'.~--~ 

I, 

••••••••••••• RElftntth~ till I 

i ') 
~ r 
\ 

SIMPLE R 8 
0.41266 0.00604 0.39008 0.07286 0.29184 -0.22324 O.35e65 -0.29765 0.42470 0.81946 0.40619 -0.94677 0.41485 -0.79258 

778.59401 

\.- ., \ ---

BETA 

0.44992 
2.29703 

-2.16154 
,-0.48606 

6.'1014 
-1.81763 
-4.47841 
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/~T (IF bSAT DATA AT M#CRn LEVEL WlTH SOCIO/ECflNOMIC DATA 
IIU, NEW.NRST (CREAl IC·N DATE :0 05/UY71 J I 
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05.131/77 PAGE 8 

,<'irIIi.i? f.; ';'-1
1 

l~ 
f • 
~ , f I· • • • • • • • * • • • • • • • • • • • • * *. M U L TIP L E 

DfPENOENT VARIABLE.. V04 ACRES URB RESIDENT R E.G RES SID N ••••••••.••••• 
VARIABLE LIST 1 

REGRESSION LIST 2 

; -: 
.' .~. 

I· 
I 

V~RJ~BLEISJ ENT[RED ON STEP NUMBfR J •• V'll;. 
vn 
V30 
V31 
V32 
V33 
V34 

EST 1974 POP 
lOHl EMPLOY 
MFG EMPLOY 
TRANS EMPLOY 
WHOLESALE EMPLOY 
FINANCE EMPtOY 
SERVICE EMPLOY 

~ULTJPLE R 0.81728 
R 5QU~FE O.1b9t3 ANALYSIS OF VARIANCE 

RfGRESSION AnJU~TfO R SQUARE 0.73213 
STANOARD ERROR 4091.41760 RUJDUAL 

----------------- V~RIAfllES IN THE EQUATION _________________ _ 
VAf'J ABLE 

V2l:. 
P. BFTA STO ERROR 8 F 

0.01211 0.29412 0.04626 0.069 
-C.19f79 -2.04298 0.69313 O.O~2 
-0.316~O -1.00027 0.60528 0.274 
-2.5b058 -1.3b136 1.3233B 3.767 

3.24370 P..40069 1.15680 7.863 
-2.44200 -1.58721 1.78737 1.867 
-1.190~5 -?19356 1.04343 1.303 2805.943~5 

vn 
V30 
V31 
V32 
V:33 
V!'4 
C (OtJ S TANH 

IIll VARJ:lBlf-S .ARE iN THE EQUATION 

W 
I ...... 

'U1 
U1 

!. ~ 
-....l 

fi'.;> 

rw' f. 
if •• · 
lL., 'J< ~ .~.-. 

Tab le 70 (cont. ) 
Regression Results 

. , 
i 

.-

DF 
7. 

43. 
SUM OF SQUARE S 

2404147075.91861 
71(J807012.82643 

MUN SQUARE 
343535296.55981 

16739697.97271 
F 

20.52219 

------------- VARIABLES NOT IN THE EQUATION _________ _ 
VAPIABLE BETA IN PARTIAL TOLERANCE 

'\ 

00 
'"11::0 
'i:jG) 
02 
O:J:;> 
:::01-: 

to." c:> l>G) 
CITI 
..... -
~ln 
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TEST m- -,-ANOSAT OA"TA AT H"CRD LEVEL WITH SOCIO'ECONOMIC OA1A 

FILE NEW.NRST (CREATION OATE : 05'28'77' 

~co;;~t, 

• • * • • '" * * • • • • • • • • • • • • • • * M U L TIP L E REG RES SID N 

DEPENOENT VARIABLE •• V04 ACRES URB RESIDENT 

SUMMARV TABLE 
VARIABLE MULTlPL£ R R SQUARE RSO CHANGF. 

V26 EST 1974 POP 0.61371 0.37664 0.37664 
VZ7 T01AL EMPLOY (\.64854 0.42060 0.04396 
V?D HFG EMPLOY ".76158 0.580CO 0.15940 
V31 1RANS EMPLOY 0.78486 0.61601 0.03601 
V32 WHOLESALE EMPlOV 0.87085 0.75838 0.14238 
v:n FINANCt: EMPLOY 0.87330 0.76265 0.00427 
V34 SERVICE EMPLOY 0.81728 0.76963 0.00698 
(CONSTANT) 

Table 70 (cont.) Regression Results· 

",.-' ;;r~-::- ,.,.~~t.: OJ- ~:;.,.,~t.;~ 
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J"'" 

05'311'77 PAGE 9 ...... '" ...... VARIABLE LIP I REGRESSION L T 

SIMPLE R B BETA 

0.61371 0.01111 0.19422 
0.58117 -0. 19B19 -2. 429. 
0.46083 -0.31690 -1.00027 
0.54185 -2.56858 - .36736 
0.63211 3.24370 .1.40069 
0.59910 -2.44200 '-1.58721 
0.62397 -1.19085 -2.19356 

2805.94365 
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lFST o. lNDSAT DATA AT MAC~O LEVEL WITH SOrIO/ECONOMIC DATA 
FILE NEW.NRST (CREATION DATE = O~/28/77' 

.-
05/31/77 

....-
PACE 10 

• • • • • • • • • • • • • • * * * • * • * * * H U L TIP L ERE G RES S ION • • • • • • • • • • • • • RE~A~lt'~ tIll J DEPENOENT VARIABLE.. V06 AG THICK VEG 
VARIA~lErSJ ENTERED ON STEP NUMBEk 1.. V26 EST )974 POP 

TOTAL EMPlOV 
MFG EMPLOY 

MULTIPLE R 0.28846 R SQUARE 0.08321 AOJU!. no R SQUARE -0.06603 STANOARO ERROR 20256.29664 

V27 
v~o 
V31 
~2 
V33 
V34 

TRANS E"'PlOY 
WHOLESALE EMPLOY FINANCE EMPLOY 
SERVICE EMPLOY 

ANAlYSIf OF VARIANCE 
:U~~ijilON 

------------ VARIABLES IN TH[ EOUATJtw -------------
VARIABlE B BETA STO ERROR e F 
V26 -0.09269 -0.9Q113 0.22904 0.164 vn 1 a 10316 7.05275 3.43162 0.246 v~o -2.02330 -2.5n32 2.99671 0.456 V31 1.17673 0.25241 6.55191 0.031 V32 3.13691 3.27348 5.12123 0.300 V33 -6.84823 -1.79349 8.84912 0.599 V~4 -7.55265 -5.60561 5.16592 2.137 rCONSlANlI 21945.89703 

ALL VARIA6LES ARE IN THE EOUATION 

Table 70 (cont.) Regression Results 

'-1; 

Of SUH OF SQUARES 7. 1601396530.61114 43. 17643658288.71549 

MEAN SQUARE 
22817093l.94541 
410317634.62129 

O~5n55 

-------- VARU·BLfS NOT IN THE EQUATION ------
VARIABLE BETA IN PARTIAL TOLERANCE F 
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nST Ol-· ..• NDSAT DATA AT MACRO lFVF.l WITH SOCIO/ECONOMIC llAU 
FILE NEW.NRST fCRrATION DATE = OS/2fV77J . 

051'3U77 'PAGE II 
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'" '" '" '" '" '" .. '" '" ,. '" '" '" '" '" '" '" '" '" '" '" '" '" ~,u l TIP l ERE G RES S .1 0 N •• '" • • '" • • • • • •• REXllltlhl ~Iil J OFrENPENT VARIA6lF •• VOl. 

~ .: 

~ 
~ 
~ 
~ 

i 
t: j 
[; I 

~ 1 

l 
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11 
I 
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V~P U[ILE 

V2b 
V27 
V3C 
V31 
V31 
V33 
V34 
(CONSTANT) 

k~ ~ ~. ~. 

EST )974 POP 
TOTAL EMPLOY 
MFG EMPlUY 
TRANS EMPLOY 
WHOlE~All FMPlCY 
FIN~NCE EMPLOY 
SERVICE EMPLOY 

Table 70 (cant.) 

l 

AG THICK VEG 

SUMMARY TAIlLE 
MULTIPLE R R SQUARE RSQ CHANGE SIMPLE R 

0.12240 0.014"98 0.OJ49t! -0.12240 0.12338 0.01522 0.00024 -0.12336 0.16549 0.02739 0.01216 -0.14854 0.16909 0.011'59 0.00120 -0.12515 0.19399 0.03763 0.00904 -0.11037 0.J9401 0.03764 0.00000 -0.10172 0.28846 0.08321 0.04551 -0.11959 

Regression Results 

• 

B 

-0.09269 
1.70316 

-2.02330 
1.11673 
3.13691 

-6.111;)823 
-7.55265 

21945.119703 

.. \ .. • '\...- .• N 

BETA 

-0.90713 
7.052 5 

-2.57132 
0.25241 
3.21348 

-1.19349 
-5.60561 
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F 
1 
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TEST Of- .'NDSAl DATA AT MACRO lEVEL WITH SOCIO.lECONOMIC DATA 
FILE NEW.NRST CCREATION DATE ~ 05.128.177) _ 05.131n" PAGE 12 

'" 
~ , 

( 
• • • • • * * * * * * * • * * * • * • • • • * 
OEPENOfNT VARIABLf.. V07 AG THIN VEG 

VARIABLECS' ENTERED ON STEP NUMBER .1.. V26 

V27 
V30 
V31 
V32 
V33 
"34 

M U L TIP L ERE G RES S ION ••••••••••••• 
VARIABLE lIST 1 

REGRESSION L ST 4 
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Conclusions 

A number of conclusions can be drawn with regard to the use of LANDSAT 

data in socio-economic, land use modeling. These are as follows: 

1) Significant, substantial misclassification and misalignment 
problems occur at the micro scale. 

2) Significant misclassification errors occur at the macro 
scale. 

3) Results indicate that the LANDSAT data for Ohio are not of 
h:f.gh enough accuracy to be used in a modeling framework. 
Tnese results apply only to these data. Similar tests of 
errors are needed using other data in different areas with 
different interpretation methods than those used by Bendix 
Corporation. 

4) One category of LANDSAT (Urban Residential) does form a sig­
nificant relationship with the socio-economic data.' This 
indicates that a more a~curate LANDSAT data base in the future 
could lead to a set of simulation models of the same type as 
the tax models. Accuracy in all categories would need to 
go above 90% in order for such models to be reasonably accu­
rate and useful. 

~ Recommendations 

A number of recommendations can be made as a result of the three stages 

of this research. These can be summad~~.ad as follows: 

1) The project developed several models of property tax base 
, which were programmed for use by the Department of Econ­

omic and Community Development. Use of these products 
should be made whenever possible. 

2) MOre testing needs to be done on the micro and macro level 
errors associated with LANDSAT interpretations. Testing 
should follow the methodologies developed in this study in 
order to quantify, in a comparable manner, the errors asso­
ciated with LANDSAT, and to improve interpretation technologies. 
Comparisons should be made of different interpretation techni­
ques in various geographic areas. 

3) Given an improvement in interpretation accuracy (to approxi­
mately 90% correct), additional effort should be expended to 
estimate and verify LANDSAT based socio-economic, land use 
models for Ohio in .a form comparable to the tax models. 
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INTRODUCTION 

This volume reports the work on Development of New Applications 

of LANDSAT technology. Initial cooperative research efforts among NASA, 

the State Government of Ohio and Battelle's Columbus Laboratories between 

1972 and 1974 demonstrated t;~clv:lica1 feasibility of using LANDSAT acquired 

data in various land use planning resource management and environmental 

programs. 

The follow-on LANDSAT 2 program involved work to develop new 

application possibilities and promotion of user awareness. Building on 

its past involvement, Battelle was given the responsibility to work in 

this third ele,ment of the' State LANDSAT follow-on program. 

OVERALL PROJECT OBJECTIVE, SCOPE AND RESEARCH PLAN 

The overall objective of the Battelle project in support of ,the 

NASA-Ohio LANDSAT follow-on program was to assist in the technical develop­

ment of practical methods for routinely using LANDSAT data in Ohio. The 

Battelle responsibilities actually included functional objectives under 

two major project activities: (1) new application analyses and (2) user 

awareness activities. 

Most of the project effort related to evaluating new application 

possibilities for using LANDSAT-type data for economic, resource and, com­

munity development interests in Ohio. Actually, four explicit research 

tasks were undertaken. Two of the tasks had economic and resource deve­

lopment significance and involved the analysis/evaluation of LANDSAT and high­

altitude aerial data for oil/gas ex~loration use and woodland surveys in 

the State. Another of the tasks emphasized the development of procedures for 

, 
j 
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ff 
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improving LANDSAT data use in urban land use planning applications. The 
fourth task involved a preliminary assessment of the feasibility of using 

repetitive LANDSAT data for monitoring/modeling sedimentation dynamics in 

Lake Erie. The overall research plan for undertaking the four specific 

evaluation tasks showing the role of Battelle and the Ohio Department of 

Economic and Community Development is shown ip Figure 1. 

The scope of the remaining project effort related, to user 

awareness activities and involved primarily staff in~eractions between 

Battelle and potential user personnel. 

PRINCIPAL DATA SOURCES 

The principal data which were available and analyzed for the 

different LANDSAT study tasks are shown in the matrix in Table 1. Other 

information and data used were in the form of documents and reference 

material containing, in several cases, as in the sedimentation task, 

actual field survey measurements. 

TABLE 1. PRINCIPAL DATA AVAILABLE AND ANALYZED 

LANDSAT High .. Low-
LANDSAT CCT Skylab Altitude Level Ground 

Task Identification Imagery Tapes Imagery AIC Alc Truth 

1., 

2.! 

3. 

4. 

Linear Analysis x x x 

Lake Erie x 
Sedimentation 

Urban Land Use x x x x 

Wcodland Analysis x x x x 

InitiaHy proposed study areas where NASA overflight data were 

required are shown in Figure 2. Extremely high-quality NASA aerial color 

IR imagery was provided and most effectively utilized in the Columbus} 
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~~ .. Franklin County urban land use study. In other tasks, such as the North­

east Chio woodland survey, the low quality and late arrival of aircraft 

imagery restricted its effective use. In general, the following factors 

limited the use of the high-altitude aircraft data: 

(1) Acquisition and receipt of overflight data were 
too late in the program to provide adequate time 
for meaningful analysis 

(2) vTeather conditions over some of the study areas were 
poor and the imagery acquired was of very low 
quality 

(3) Camera settings appeared to have been preselected 
for study sites in areas other than in Ohio, 
resulting in incorrectly exposed film 

(4) Vignetting was present on all film received. 

SUMMARY OF PROJECT RESULTS AND APPLICATION IMPLICATIONS 

A pictorial synopsis of each of the major LANDSAT follow-on 

tasks under·taken by Battelle is presented in Figures 3 through 6. These 

figures show the data base. the analysis methods, and the major results 

associated with each of the data application tasks. In brief, th~ linear 

mapping and the urban land use analysis studies were the more successful 

efforts, and the results are of potential major relevance to subsequent 

efforts to use .LANDSAT data operationally in Ohio. The other LANDSAT data 

application studies were not as positive, and will require more ,research 

before operational use can be reconunended. A brief ,sununary of th~ significant 

results and application implications for each study follows. 

Ohio LANDSAT Imagery Linear Analysis 

This task was both timely, in terms of current Ohio needs and· 

interests in increasing oil and natural gas production in the area., and 

significant in terms of the positive results obtained. The task clearly 

demonstrated how linear and curvilinear features of potential significance 

for oil and gas' exploration activities in Ohio and surrounding areas can be 

identified and mapped using small-scale LANDSAT imagery and unsophisticated 

photo-interpretation techniques. -
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t. A preliminary correlation of mapped LANDSAT linears of approxi­

mately two-thirds of Ohio showing dominant linear trends (length and 

direction) with established geological and geophysical trends was quite 

positive, resulting in the following principal conclusions: 

• Conventional LANDSAT imagery is more responsive to 
regional-sized linear identification and mapping 
than is aircraft :i:.magery. The lower resolution of 
current LANDSAT i~~ery (~ 80 meters) is well suited 
for large area analY.0is and, in fact, .actually obscures 
roads and other cultu:,:,al features often misinterpreted 
as linears on high-res~lution imagery. However, for 
very localized (large scale) linear analysis, increased 
resolution of LANDSAT imagery or the use of high-altitude 
aircraft data is required. 

• Over 600 LANDSAT linear features of Ohio have been 
identified and mapped which are considered to be 
potentially geologically significant and should 
encourage commercial exploratory investigation, which 
may result in increased resource discovery. 

• If, when field checked, Ohio LANDSAT lineations correlate 
with joint patterns, the probability of fracture-enhanced 
reservoirs in the ~rend of the lineations of production 
significance will be established. 

• LANDSAT-derived lineations represent new investigative 
evidence which, when coupled with conventional exploration 
tools, could inexpensively increase the discovery rate 
of oil, gas, and other minerals in Ohio. 

Federal and State Government personnel and independent Ohio oil 

and gas operators contacted during this study are optimistic relative to 

the potential of using LANDSAT imagery for mapping geological linears in 

Ohio and surrounding Appalachia areas, and recommended (1) the systematic 

preparation of first-generation (experimental) LANDSAT linear maps and 

atlases for pu~lic distribution and use, (2) additional effort to improve 

and standard.ize the linear analysis and mapping techniqt;es, and (3) more 

analysis and field work to verify and document the feasibility 6f' 

using LANDSAT data operationally for linear analysis in the Appalachia region. 

LANDSAT Lake Erie Sedimentation Analysis 

This task set out to demonstrate that repetitive, multi-spectral 

LANDSAT data could be effectively used to identify, measure, and model 
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changes in sediment loading in Lake Erie. Unfortunately, anticipated on­

the-lake measurements of sedimeni.;tJtion commensurate with LANDSAT overpasses plan­

ned by other Lake Erie researchers were not obtained, necessitating that 

ground truth ~ata collected at a water quality monitoring station on a 

·tributary of i~ke Erie be used in the correlative analysis. Consequently, 

differences in Lake Erie sediment loading derived from LANDSAT imagery analysis 

and that measured directly in the tributary pf Lake Erie during LANDSAT over­

passes could not be effectively explained. Therefore, even though some good 

agreements were found for the 1973-1976 analysis period, the results for 

other periods were too variable to justify any final conclusion regarding the 

operational potential of such a technique. However, additional and more extensive 

research efforts should clarify uncertainties noted in this brief analysis 

and result in the development of a methodology for operational use. 

LA~~SAT and Aircraft Urban Land Use Analysis of Columbus! 
Franklin County. Ohio 

. ~u~h concern' exists nationally a"s to the potential of using 

computer-processed LANDSAT data for inventorying and mapping land uses, 

particularly in regions experiencing significant development or change such 

as urban areas. Findings to date have represented two extremes. Some in­

vestigators tend to overstate the LANDSAT data use potential, while others 

are overcritical of the detail and accuracy limitations of current LANDSAT 

data use. The State of Ohio is in the process of generating a state-

wide land use inventory based on computer-processed LANDSAT data. This 

task was est3blished to experimentally assess the opportunities and I!mi­

tations of using such data operationally, particularly for the larger, 

complex metropolitan areas. 

An overview of the data analysis procedures and results of this 

task, which basically compared high-altitude aerial and LANDSAT data, is 

shown i~ Figure 5. In brief, the state user-personnel want to know whether 

they can implement the operational use of computer-processed LA~~SAT data. 

The results of this correlative analysis suggest that the LANDSAT land use 

inventory can be effectively and confidently utilized in nonurban areas 

and for selected planning interests (such as for new growth tr~nds) in the 
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larger urbanized areas. Further, to meet the more detailed needs of land 
use planners and" state decision-makers, it is practical and expedient 
to incorporate digitized results of a~~ial photointerpretation of selected 
land use classes for the more dynamic metropolitan areas, in Ohio. In all 
cases, an attempt should be made to prepare color-coded land use outputs 
for end-user distribution rather than conventional black and white alpha­
numeric computer printouts, which are difficult to use, 

Woodland Survey of Northeastern "Ohio 

Prior research had demonstrated that economical and accurate 
inventories of total forestland in Ohio using Skylab and LANDSAT data 
were feasible. However, planners involved in the development of the timber 
industry in Northeastern Ohio need more detailed informat:.on about the 
type and condition of timber stands before such remote sensing data can be 
us'ed routinely. Accordingly, this task set out to determine if high­
altitude aerial color infrared imagery coul~ provide the needed detailed 
information. Figure 6 shows an overview of the task. 

Emphasis was placed on delineating woodland boundaries, 
stand composition, stand maturity, cut and reseeded areas and tree stress 
due to grapevine infestation. Sample forest areas in Trumbull, Mahoning 
and Franklin Counties were selected to provide representative forest areas 
of predominantly oak, maple, and pine stands. Conventional techniques 
were applied to determine forest parameter detail, such as tree height, 
crown diameter, etc. Machine aided techniques were also explored to de­
~ermine the feasibility of using computerized processing ~echniques. It 
was found that the high altitude aircraft imagery is suitable for delineating 
most pertinent forest parameters. The possibility of using temporal LANDSAT 
MSS data in conjunction with high-altitude aircraft and ground truth data 
was also investigated. The result of this effort suggests that it may be 
feasible to perform detailed computerized forest inventories of Ohio forest­
lands, provided such inventories are made in concert with extensive aircraft 
and ground truth data. 

4-13 

,',I ., 



• 

TASK 1. OHIO LANDSAT IMAGERY LINEAR ANALYSIS 

~"--~ ......... ---. - • ...,'--..,'11-. 

-I~ 
. "4.! 

--_,,=_ ,.,.-"-, ~,-t ";'~'."Y'<"""""<"'- " __ ..... ___ ~-" ..... ,~ , 

, 

I 

! 

~I 
-1 

----------.---. -------------------------~-----~--~~ 



I 
I 

I 

.~-- . 

TASK 1. OHIOLA~~SAT IMAGERY LINEAR ANALYSIS 

t~ Background 

f. 

In the initial plans for follow-on LANDSAT investigations in 

Ohio, consideration was given to evaluating/demonstrating the potential of 

using LANDSAT data for resource discovery (all minerals) interests in Ohi"o. 

The plan was to identify from surface spectral signatures possible mineral 

sites, (e.g., sand, ground, limestone, etc.) of exploration interest. Howe~er, 
because of the ~ecent and critical need to increase oil and natural gas . 

production in the Eastern United States in general and specifically in Ohio, 

this task was confined to demonstrating the feasibility of using LANDSAT 

data for identifying structural linears of potential oil and gas explora­

tion significance. 

Joints and fracture systems in rock strata are potential reservoir 

locations for accumulated oil and gas. These systems may result from 

lateral tension or compression geologic forces applied to the rock strata 

and can also result from differential rebound of the Earth's crust after 

the removal ;of verti~al and shear ice lo~d's' as develo'ped from continental' 

glaciation. 

Joints and fractures can manifest themselves as linear or 

curvilinear features on the Earth's surface and appear on aerial imagery 

as photolinears. Much of the work done in the past has been accomplished 

utilizing aerial photography for linear analysis. The scale of these data 

is such that each image covers only a limited localized area, thus making 

the mapping of extensive, subtle, regional 1inears within a large area 

very difficult. Each LANDSAT image, on the other hand, covers an area of 

34,000 square kilometers, providing the regional view needed to rapidly survey 

linear features over a large area with minimum scale distortion. 

Objective and Scope 

The task plan was to identify and plot linear and curvilinear 

featuI'es over a large portion of Ohio utilizing LANDSAT imagery. This was 

to be accomplished utilizing currently accepted (conventional) analysis 
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procedures. It was also planned to identify other interpretive methods 

which could be effectively utilized in identifying linears. Primarily, 

LANDSAT color composites and black and white imagery were to be evaluated. 

Skylab and high-altitude aircraft images were also to be briefly analyzed 

for purposes of comparison. Field verification providing ground truth for 

the identified 1inears was not a part of the planned program. 

Three 9 by 9-in. LANDSAT color composite transparencies at a 

scale of 1:1,000,000, covering a large portion of the State of Ohio and 

portions of adjacent states, were examined to identify linear and cur­

vilinear features (Figure 7). These scenes are as follows: 

South Central Ohio E1228 15431 

Central Ohio E1228 15424 

8 March 73 

8 March 73 

West Central Ohio E1605 15312 20 March 74. 

The scenes were chosen on the basis of cloud-free and varied geomorphic 

conditions. The image dates were chosen to occur in the early spring, _ 

due to the lack of foliage and vigorous vegetation, thus presenting a better 

view of the geomorphic features. All three above listed areas contain oil 

and gas fields. 

Methodology 

Two methods, both manual, were utilized primarily in the interpre­

tation of the imagery. The unaided eye was the first method used. The 

photointerpreter scanned the imagery to identify features which appeared 

to be aligned with one another on straight line features, circular anomalies 

a~ curvilinear features. The second method utilized a diffraction grating 

of 200 lines per in. The grating was held by hand, at about 8 to 12 in. 

from the image, near the interpreter's eye, and rotated very slowly 360 deg 

in the same plane as the image. Features which were aligned formed an 

enhanced or intensified straight line when at right angles to the rulings • 
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FIGURE 7. MAP SHOWING THE PORTION OF OHIO AND 
SURROUNDING AREAS COVERED BY LANDSAT 
LINEAR MAPPING ~ASK 
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Features which were continuous and linear were also enhanced when at right 

angles to the rulings. Circular anomalies and curvilinear features were 

best recognized using the unaided eye method; however, some circular anomalies 

were identified using the diffraction grating on a LANDSAT frame other than 

the frames used in this study. Inspection was made of an area containing 

a heavy concentration of linearly oriented ridges and valleys. The grating 

tended to subdue the visual prominence of these structures and allowed a 

clearer view of circular features which were obscured by the structural 

linearity of the area. The features appeared as short linears moving 

tangentially to and along the curve as the grating was rotated. 

Each photo transparency was covered with clear plastic overlay 

material, and tick marks were drawn on the overlay to correspond with the 

photo registration marks. With the photos attached to a light box, the 

interpreter proceeded, using the unaided eye method, to scan the photos for: 

linear features, features which although segmented presented themselves in 

an aligned pattern, circular anoma'lies and curvilinear features. The 

features were plotted on the overlays for 'all three 'LANDSAT images. The' 

interpreter then replaced the overlays with clean ones, again plotted the 

registration marks, and then using the l-in.-square 200 line per in. Ronchi 

ruling (diffraction grating) proceeded to inspect each image again for the 

features. A method was devised for mounting the grating on a tripod while 

still retaining the ability to rotate the grating 360 deg. The grating 

was rotated and stopped at very short intervals throughout 360 deg. (Each 

linear is repeated twice in 360 deg, there being two times when the rulings 

and the linear are at right angles.) At every stop the interpreter plotted 

all linears visible. This step was repeated numerous times until the 

interpreter, felt that he had plotted all linears. 

These overlays were then removed, and each was registered with 

the complementary overlay produced by the unaided eye method. The next 

step involved placing each linear overlay in a projector system. Each.was 

projected onto 1:2S0,OOO-scale topographic sheets. The linears for each 

photo and map ar~a were then plotted on the maps. Linears which were identi­

fied by the unaided eye method only were annotated in blue. Linears which 

were identified using both methods were annotated in red and those identified 
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by diffraction grating alone were plotted in black. These three overlays 

are shown separately for each scene in the Results section of this report. 

The oil and gas fields which are plotted on the toposheets were outlined 

on the maps using colored tap~. The borders of these were estimated. 

Results 

A large number of linears were identified using both the unaided 

eye and the diffraction grating methods (approximately 600 for 3 images). 

Figures 8a, 9a, and lOa show linears identified with the unaided 

eye for the three LANDSAT scenes analyzed. Figures 8b, 9b, and lOb 

show the results of the diffraction grating analysis for the same three 

scenes. The total linears iaentified using both methods are shown in 

Figures 8c, 9c, and lOco 

A larger number of 1inears were consistently identified using 

the diffraction grating method. Linears or portions of 1inears identified 

by both techniques were not as numerbus as anticipated, implying that the 

unaided eye tends to recognize subtle and topographic features not dis­

cernible USing the diffraction grating. 

Numerous linears align with streams, valleys and ridges, as 

expected. Some also match with short segments of secondary highways, but 

these highways are not visible without magnification of the imagery, in­

dicating that the linears are probably a result of natural features instead 

of the highways. 

On inspection of the 1:250,000-scale,maps*, it was found that 

there appears" to be a NE-SW and a m~-SE linear trend in the area. A 

sample computerized linear trend analysis (rose pattern) was done for 

Scene E1228~15431 8 March 73. Figure 11a illustrates the normalized 

number of linears for each 5-deg sector. This figure clearly shows a NE-~~ 

and a SSE-NNW trend for the area. Figure lIb shows the normalized summed 

lengths of linears per S-deg sector. This pattern reflects not only a 

NE-SW and a SSE-NNW trend but also a ESE-WNW trend for the longer 1inears. 

* Original l:2S0,OOO-sca1e linear maps were transmitted to the 
State of Ohio. 
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FIGURE 8a. LINEAR ANALYSIS OF SC~NE E1228-15424 8 Mar 73 
SHOWING UNAIDED EYE METHOD RESULTS 
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FIGURE 8b. LINEAR ANALYSIS OF SCENE E1228-15424 8 MAR 73 
SROTJING DIFFRACTION GRATING METROD RESULTS 
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FIGURE 9b. LINEAR ANALYSIS OF SCENE E160S-1S312 20 MAR 74 
SHOWING DIFFRACTION GRATING METHOD RESULTS 
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FIGURE lOa. LINEAR ANALYSIS OF SCENE E1228-l5431 8 MAR 73 
SHOWING UNAIDED EYE METHOD RESULTS 
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SHOWING DIFFRACTION GRATING METHOD RESULTS 
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This is a pattern of linear directions which has been expressed by geologists 

as being the expected and observed trend in glaciated areas believed due 

in part to the differential rebounds of rock strata from episodes of geo-

logically recent continental glaciation. The results of glaciation were 

superimposed upon the regional lateral compression shear fractures and 

later tension fractures caused by cycles of the Appalachian Mountain 

building which thrust west through the central axis of the Appalachian Basin 

through the Easttern Coastal States. These joints and fractures would pro­

bably now be occupied by streams, being a guide for mass wasting and 

sedimentary "runoff" and would be expressed on the surface as valleys with 

opposing ridges, or other geomorphologic features. Using the unaided eye 

method,numerous circular features were plotted in the south central image 

along the western edge of the glacial boundary. One of these circular 

features is located near Serpent Mound in Pike County. Much discussion as 

to the, origi~ of this feature has taken place. A current theory holds that 

the featu~e is due to a basement intrusion (laccolith, magma and/or gases) 

which extruded from a joint or fault complex into the base of the sedi­

mentary section, coming' in contact with the basal sediments. Other similar 

features have been identified on the surrounding area and may possibly be 

genetically related to the aforementioned feature. Curvilinear features 

were also identified in the east central image north of Cadiz. One feature 

measures 15 km across and the other 10 km. These features have a direct 

relationship with the stream patterns within' their boundaries. Gas and oil 

fields are located on the edges of these features. 

A cursory examination of the black and white LA~~SAT images in 

all four bands of the south central scene seems to indicate that Band 7 

(0.8 to 1.11J.m) is the best black and white band, ~or the identification of 

linear f~atures. It was found, by using two diffraction gratings in com­

bination, that the ~magery is further degraded in resolution but linears 

appear to stand out or to be further enhanced to the eye. This. may make 

the plotting of linears an easier manual task. However, it is possible 

that the linears are also being elongated by the use of two gratings. 

Preliminary evaluation of utilizing the Data Co.i..or Viewer for en­

hancement of linear features on LANDSAT imagery was attempted, This equip-

ment has the capability of optically combining up to four 70-mm images and 
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enlarging them on a built-in rear viewing screen to the scale of 1:1,000,000. 
For this evaluation two LA~IDSAT images, Band 5 and Band 6 E1228 15431 8 March 
1973, of South Central Ohio were chosen. A Band 5 positive image and a 
Band 6 negative image were placed in the viewer and registered. The image 
intensity of Band 5 was adjusted until the intensities of both image.s were 
equal. This provided a very "flat" image with very little detail. Band 5 
was then offset or brought out of registration a very small amount. This 
technique provided an edge enhancement of features ("cameo effect") due to 
density differences on negative and positive. A large number of linear 
features and a large amount of very subtle detail were visible using this 
technique. However, due to time limitations of the project no linear mapping 
was accomplished utilizing this method. 

The diffraction grating method proved to be a far superior method 
for the delineation of photolinears. However, one anomalous effect of 
the grating still proves to be s.uspect. When viewing the imagery through 
the grating, striations appear across the ~ntire surfa~e of the image area 
at right angles to the grating lines. These striations appear as an 
oriented smearing of all features in the image. At some positions these 
striations appear to be more intense than at other positions. After having 
a number of people, unrelated to the project, view the imagery' through the 
grating, a trend of the direction of these intense striations was established 
to be NE-SW and NW-SE. .After having established this striation intensity 
direction, the image was rotated 45 deg from the original position. The 
striations still appeared to be most intense at the same angle relative to 
the observer, as before. A random dot pattern was then used in place of 
the image and the results were similar, that is, an apparent, higher in­
tensity of lineations resulted at a 45-deg angle relative to the observers 
no matter in which position the pattern was placed. This led to the 
hypothesis that there is a possible perceptual preference causing the anomaly. 
Insufficient consideration has been given to the problem, so that no con-
clusion can be made at present. However, the fact that there may be a pre-
determined visual preference indicates that these directions may be more 
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favored, by being easier to perceive, thus biasing the identification of 

linears in favor of these directions. This would have a tendency to place 

a favored 45-deg direction of linears in the NE-SW and the ~~-SE direction, 

which is the geologically "expected" direction for joints and fractures in 

this area. 

Conclusions and Recommendations 

This task clearly demonstrated the feasibility of mapping geologic 

linear and curvilinear features in the State of Ohio utilizing LANDSAT imagery. 

For the first time, linear analysis and mapping in .over two-thirds of Ohio 

has been done and placed in the public domain. Analysis has also been done 

for surrounding areas including a portion of the Appalachian Region. 

This experiment has shown that conventional LANDSAT imagery is 

more responsive to regional-sized analysis than aircraft imagery and map­

ping of regional-sized areas can be easily and quickly done using LA~~SAT 

~ 'imagery. The lower resolution of current LANDSAT imagery (~ 80 meters) is 

well suited for large area analysis, and in fact actually obscures roads 

and other cultural features often miSinterpreted as linears. However, 

for very localized (large scale) linear analysis, increased resolution of 

LANDSAT imagery or the use of high-altitude aircraft data is required. 

LANDSAT imagery analysis using the unaided eye for interpretation 

is excellent for identifying subtle linear features, patterns, and anomalies. 

LANDSAT analysis using the diffraction grating method is excell~nt for 

iSblating linear patterns directionally while reducing image resolution 

in all other directions, thus making ~nalysis more rapld and complete. 

The utilization of a positive/negative image overlap method 

(cameo effect) seems to be a promising optical method for linear mapping-­

a method which should be more throughly investigated. 

Much analysis has been and is currently being done on the identi-

fication. of photo lin ears from remo.te sensing data. However, little con­

sistent work has been done to field verify photolinears and correlate them 

with presently known joint-fracture patterns and photo~inear analysis. 

Numerous correlations have been found between photolinears and surface 
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expressed faults in most areas investigated, leading to the reasonable 

conclusion that there also may exist a correlation between photolinears 

and joints/fractures which can also be considered to be "faults" without 

displacement. 

Based on the results of this experimental effort the following 

recommendations are offered: 

(1) At least all major linears should be field c,hecked 

for geologic significance. Cert'ain of these. should 

be investigated by geophysical techniques. 

(2)' More geophysical and geological studies of large 

curvilinear'features and circular anomalies should 

be done to ~dentify the cause and to investigate possible 

mineralization important to industry in these areas 

since these areas may be due to local "basement" 

tecton:i,c activity,. 

(3) Investigations s~ou1d be maae into the p~ssible 

perceptual problem and subjectivity of the 'eye­

diffraction grating method. Research' should be done 

to develop objective va~iations of the present 

methodologies or to develop entirely new optical or 

electronic methods of detecting photolinears which 

will be more objective and allow more rapid and 

more precise linear recognition and documentation. 

An automated optical and/or electronic system would fill 

these needs. These methods should be field tested and 

verified before a high operational demand is placed ,upon 

them. 

(4) Standardization of methods and means of recording results 

must be made in order to make the identification and 

photolirlear mapping as useful as possible, 

(5) The construction of a pilot atlas or atlases of all 

LANDSAT imagery produced sequentially over the same 

ground target should be made to isolate effects of 
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season, sun angle, and other climatological variables. 

This will enable the bgst band or bands to be identified 

for linear and other analyses and new sensors or hard­

ware to be ·recommended for future space platforms. 

(6) The construction of a pilot atlas or atlases to combine 

the results of LA~~SAT with other high- and medium­

altitude photqgraphy and programmed SLAR should be 

pursued. 

(7) The construction of a pilot atlas or atlases providing 

ground resource inventories is recommended. 

This study has shown that LANDSAT data can be effectively utilized 

for mapping photolinears in Ohio and surrounding Appalachian areas. Such 

LANDSAT-derived linear maps have potential for (1) increasing the 'discovery 

of oil, gas, and minerals in the East mainly by providing a useful data input 

. to reconnaissance exploration activities (particularly by smaller exploration 

companies ~f the type mostly o~erating in Ohio and the Appalachian area), .. and 

(2) increasing gas prod'uction significantly in eastern shale areas, if map?ed 

linears are found to reveal the location and geometry of fracture/fault 

systems permitting the application of fracture stimulation techniques. 

Use/User Implications 

Contact was made with personnel of The Ohio State Geological 

Survey. Personal views from these discussions indicate that a linear 

survey of this type is much needed and will be important technically and 

economically for the oil and gas owner/operators. However, it was expressed 

that more analysis and field work peed to be accomplished before linear 

mapping can be utilized operationally. 

Discussions with an oil and gas well manager (William E. Shafer 

of Shafer Exploration Co.) proved to be very. positive in an outlook to 

the future of linear mapping and its importance to the small oil and gas 

well operator in Ohio. 

For a full discussion of his views and critique of this task, see 

the report entit1edi~eview of Lineation Observations by Battelle Columbus 

Laboratories LANDSAT Imagery, Ohio Southeast Quadrant", which follows this 

task report. 
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A certain cursory review was made of subject "linears, "curvi-
linears" and "circulars" observed by Battelle Columbus Labs, 
upon LANDSAT imagery and transposed to contour maps of the U. S. 
Army Map Service (R.M.P.V.) Corps of Engineers, Scale 1:250,000. 

The requested manuscript revie,,;v vlas directed to the writer as an 
independent practitioner in the Ohio-Appalachain oil and gas in­
dustry. 

CHARACTERIZATION OF THE OHIO APPALACHAIN OIL AND GAS OPERATOR 
An independent person or a small group of people, often times 
incorporated, essentially dependent upon external financing from '" 
the private sector, usually understaffed and operating on a very 
restricted operations budget~ 

CHARACTERIZATION OF PRODUCT 

Settled oil production from and above the shallower Silurian reser­
voir is usually clas sified as "strip-per well" production, . (10 bb ls . 
per day or less) being 70% of all Ohio oil production. Fifty per-
cent is classified "Pennsylvania Grade", 3l~~ is "Corning Grade" and 
the remaining 19% is comprised of special classified grades. The 
crude oil is usually "sweet"or .essentially sulphur free. Petroleum 
value is 12.1% of the total mineral value in Ohio. 

Gas production is usually relatively low volume, with modest, 
average deliverable reserves, less than 150 to more than 400 l'11vICF 
gas per well. 

to 1070. 

The gas is usually "sweet" ~vith a Btu range of 102.0 

§ .h.'... e.plo ... t:lon cornpeny 
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CERTAIN PRODUCTION HISTORY 

Approximately 122,577 wells have been drilled in Ohio from 1884 
to 1976. A ten year average is 1,609 wells per year. During 
1975, a comparatively lower activity year, a total of 1,248 wells 
were drilled in Ohio. The Silurian, Clinton-Medina sandstone res­
ervoirs accounted for 90% of these wells being drilled to an a\rerage 
depth of 4) 240 feet belo~'1 ground l.evel. Ninety-three percent of 
the holes drilled to the Clinton-Medina sandstone produce commercial 
hydrocarbons. The Mississippian, Berea sandstone reservoirs account­
ed for approximately 5% of the wells with 87% being productive of 
commercial hydrocarbons. The average depth of the Berea wells 
was 1,320 feet below ground level. 

Other shallower and deeper reservoirs ,comprise the'remaining 5% 
of the commercially productive wells and includes the Ohio Devon­
ian shale which accounted for .5% of the 107ells with 83% being 
productive of gas at an averag,e depth of 2,02,7 feet below ground 
level. l All wells drilled to the Clinton pass through the Ohio 
Devonian shale. 

The dollar value of crude oil produced in Ohio during 1975 was 
$113,916,537.00. The average price per barrel at the wellhead 
was $11.89. The dollar value of natural gas produced in Ohio 
during 1975 was $60,604,235.00. The average price paid at the 

lOhio Division of Oil and Gas, Annual Report, 1975 
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wellhead was 70.6¢ per MCF (thousand cubic feet). An estimated 
850 MMCF (million cubic feet) was not sent to market but was 
utilized as fuel on lease property, landowner's residence or 
consumed in flares. 2 

During 1974, 92,558 MMCF natural gas was produced in Ohio and 
1,086,651 MMCF natural gas was consumed within the State. This 
is a deficit of 91.5% of the State's natural gas requirements. 
This deficit was essentially met by interstate gas supplies from 
the Gulf Costal States. 

During the same year, 1974, 8,964,000 barrels of crude oil were 
produced in Ohio and 212, 783, 000 barrels of, refined l,iquid pro­
duct was consumed w'ithin the State. This deficit, 96% of the 
State's requirement, was essentially met through interstate and 
foreign distribution, (61% by the Gulf Coast and Western States, 
13% by Wes te,rn Hemisphere Countries; and 23% by Eastern Hemisphere 
Countries). 

During 1975, the foreign Western Hemisphere imports to 'the U. S .A. 
decreased by 45% and the Eastern Hemisphere imports increased by 
55% of 1974 imports. 

I 
2 Independent Petroleum Association of America, 1976. § aha'." •• plo ... clon comp.ny Y(I 
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CHARACTERIZATION OF LANDSAT LINEATIONS 

TYPE -
1. "Circular" Anomaly 

FIRST "RATIONALE" CONCLUSION 

Represents a visual specific 
target potential. 

drill 

2. "Curvilinear" Anomaly Represents a visual, partial drill 
target potential. 

3. '''Straight line" and 
"Line clusters" 

Represents potential productive 
trends. 

"Circulars" were noted on the Analysis Scene E-1609-l53l2, 

E-1228-l5424 and E-1228-l543l LANDSAT images. Below tabulated 

are example LANDSAT "Circular" areas and their direct relation­

ship to the presence or absence of associated oil and gas facts: 

(The "Circular" area name was chosen to identify the geographic 

location) 

"CIRCULAR" AREA 

Tuscarawas County 
(New Philadelphia) 

Harrison-Carrol 
Counties (Jewett) 

OIL AND GAS FACTS 

Field Name 

Urichsville 

Mt. Bethel 

Yorktown 

Roswell 

Scott Run 

Scio 

Dining Fork 

4-39 

Year 

1937 
1970 

1902 
1940 

1923 
1966 

1943 
1943 

1900 

1899 

1899 

Reservoir 

Berea 
Clinton 

Berea 
Clinton 

Berea 
Clinton 

Berea 
Clinton' 

Berea 

Berea 

Berea 

Depth 

1,000' 
5,025' 

1,000' 
5,265' 

700' 
4,865' 

900' 
5,135' ' 

1,300' 

1,350' 

1,350' 
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\' Elk Lick 1922 

~ t~~ L.oudon 1914 

North Loudon 1937 
t, 

Kilgore 1910 

Berea 

.Berea 

Injun 

Berea 

1,350' 

1,350 ' 

725' 

1,300' 

, 
l 

1 ~ 
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Jefferson County 
(Shane) 

Belmont County 
(Martins Ferry) 

Guernsea County 
(Cambri ge) 

Lawrence County' 
(Linnville) 

(N.E. Ironton) 
"Ice Creek" 

Adams countt . (Dunklesvil e) 
"Cluster" 

(Serpent Mound) 

(Carmel) 

Highland, Pike! 
Counties 

Ross 

Wolf Run 

Barton 

B\1rlington 

Patton Run 

Colerain 

Byesville 

Cambridge 

Willowood 

Ironton. 

Hecla 

None 

None 

None 

None 

4~.40 

1922 

? 

? 

? 

1894 

1885 
1969 

1929 
1924 

1930 

1966 

1913 

1928 

------

Berea 

? 

Injun 

Injun 

Berea 

Berea 
Clinton 

Berea 
Oriskany 

Devonian 
Shale 
Clinton 

Devonian 
Shale 

Devonian 
Shale 

1,400 ' 

? 

1,300' 

1,100' 

1,900' 

1,100' 
4,975' 

1,400' 
3,400' 

2,500' 
3,585' 

1,800' 

1,900' 
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Greenup County 
(Ashland) 

Boyd County 
(Savage Branch) 

KENTUCKY 

Ashland 1918 

Salt 

"Berea 

Devonian 
Shale 

Devonian 
Brown Shale 

"CURVILINEAR" AREA (Examples - Scene E-1605-l53l2) 

Coschocton & 
Muskin~um Counties 
(Nicke Valley) Pike-

Coshocton 1912 Clinton 

Perry town 1912 Clinton 

~ Belmont & Monroe 
Counties *. 
(Allendonia) Allendonia 1920 Berea 

Pency Fork 1913 Berea 
1916 Keener 

"L INEAR" AREA ~Examples' - Scene E-1228-l5431) 

~ 
r • ! 
~~. 
t 

f r . 
~' f [ -
:( 

Sciotc) County (East) 
Scioto Valley ComRlex Minford 
(Minford) 

1930 
1930 

Long Run 1930 
1930 

Lucasville 1926 

Schuller Hollow 1926 

New Boston 1922 

Beaver 1929 

~. . 

I * Other fields l, __ ~....... .. '.~.".~ ."~.~= 
also present. 

L,- 1"- _ •. - --

Berea 
Ohio Shale 

Berea 
Ohio Shale 

Berea 

Berea 

Berea 

Ohio Shale 

1,100' 
, 

2,000' 
j 

.' 
3,300 ' to 
3,600' 

./ 

1,760' to 
2,200' 

, 

2,850' , 
2,825' 

2,000' 

2,200' 
1,650' 

400 ' 
1,500' 

:' .' 

400' 
1,500 ' 

·1 

150' 
." :1 

·1 350' 
. ,I 

400' ~~. \ 

500' 
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The preceeding h,igh density lineation scene extends into Greenup 
t- County, Kentucky, No oil and gas fields have been discovered at 

this time in the Kentucky portion of this lineation scene. The 
Ohio portion of the "Scioto Valley Complex" is void of oil and 
gas production records except as previously noted. Drill oper­
ations interest in the traditional shallow reservoirs appear to be 
lost by either erosion, proximity to ground surface, or adverse 
variations in (reservoir) lithology. The deeper reservoir poten­
tials have not been adequately tested in this area and most other 
areas of the State. 

Approximately 80% or more of the linear representations (Scenes 
E-1228-1S43l, E-1228-lS424 and E-160S-lS3l2) on the east side of 
a line from Lorain t? Lancaster to Portsmo~th, Ohio are involved 
in NNE-SSW post-Ordovician oil and/or gas field producing areas. 
The deep potential reservoirs remain essentially untested by the 
drill in this area. 

{ 

i 
) , 

," 

Lineations extending into Pennsylvania (Scene E-l60S-1S3l20)in a zone 
area centered about Pittsburgh include many separate NE-ST,v trending I 

I "'-oil and gas field areas which are discrete sandstone reservoirs ! 
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contained in the Devonian and tUssissippian shales. Certain of . 
these sand reservoirs extend into Ohio with decreased frequencies 
of occurance. Also, certain of these reservoirs extend into 
~vest Virginia. 

EXAMPLES OF LINEAR RELATIONSHIPS TO PARTICULAR AREAS OF OIL AND GAS INTEREST 

AREA 

Holmes County - N . E. Area 
(Mt. Hope) 

Guernsey County Area 
(Old 1.Jashington) 
(Ava - Cumberland) 

Noble County Area 
. (Hoskinsville) 

Morrow County Area 
(Mt. Gilead-Cardington) 

Delaware County Area 
(Center Village) 

LlNEARS 

No image data 

3 NE linears 
no image data 

.NE & ~n{ proximal linears 

NE linears (scattered) 

NW & NE proximal linears 

EXAMPLES OF LINEAR RELATIONSHIPS TO P~~TICULAR COLUMBIA GAS CORP. GAS STORAGE AREAS 

Guernsey County, NW 
( (Postboy) 

Hocking County, West 
(Hocking State Forest) 

Vinton County, '~.Jest 
(Wayne National Forest) 

I NE linear (short) 

1 NE linear (long) 

NE linears (few) 

OBSERVATION OF POSSIBLE INTERFERING MAN-MADE LINEATION 
Electric Transmission Easements no correlation 

-,' 
I 

I 
t 

I 
t 

I 
I 
I 

§ c".'.r •• pta .. at:tan company 33 D 
. 

, 
i , 

.P, 

'. 
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Pipeline Transmission Easements 

Interstate Highw~ys and 
Easements 

no correlation 

no correlation 

PRIORITIES BY VISUAL IMPACT OF LANDSAT SCENES PER MAPPED 
LtNEATIONS 

1. Scene E-1605-l53l2 Canton Area 

2. Scene E-1228-l5424 Newark Area 

3. Scene E-1228-l543l Portsmouth Area 

Previous self-styled linear classification statement dictates 

that greater view attention is given apparent circular anomalies 

as potential drill targets. However, tempered by the knowledge 

that given two separated circular anomalies, this writer is 

attracted to that area of best oil and gas production histories. 

This statement shall be expanded in the discussion statement. 

CURSORY "DISTA-~T" VIEW OF APPARENT DOMINANT LINEATION TREND 
DIRECTIONS (IMPRESSION) BY 'QUADRANT ONLY 

1. Scene E-1605-l53l2 NE & NW (equal) 

2.. Scene E-1228-l5424 

3. Scene E-1228-l543l 

NW (W/2) and NE (E/2) 

NW 

The Battelle pilot ~rogram computer measured lineation azimuth, 

Scene E-1228-l543l, indicates the dominant lineation to be in the 

NE Quadrant and the dominant length to be in the NE Quadrant. 

OJ 

f> This scene had a particularly high population of apparent maj or I f. 1 

~ and minor lineation sets falling into the two adjacent Quadrants. I 

t f The computer organization of data is apparently particularly help- Ie. 

r I 
~ ful to proper, rapid lineation analysis. I '. 
t § I 
~;~ ___ ah_a_'8_ .. _-_-
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EXAMPLES OF APPARENT EFFECTS OF BlJRIED OR PARTIALLY BURIED TOP 
BEDROCK ERROSIONAL SURFACE CORRELATION WITH LINEARS 

AREA 

Columbus, North 

Mt .. Vernol:;t 

Chillicothe 

Derby 

Waverly 

APPARENT CAUSE 

Nm~ trending buried valleys 

mv & NE trending buried valleys 

NVl & NE trending buried valleys 

mv trending buried valley(s) 

Topographic expression of (Teays) I 
valley wall in part and aligned 
tributary projecting into NW trending 
buried valley system. 

EXAMPLES OF DRAINAGE BASIN CORRELATIONS 

The Scioto Basin is elongate North-South. A possible subtle linear 

system change in population and azimuth from NNE to NNW occurs at 

the east margin of the drainage basin. . 

.-

The Muski.ngum River Basin is elongate NNE-.SS\.J. The NE part of -the 

concentric "New Philadelphial! circular is involved in the drainage 

divide but does extend into the adjacent Ohio River Drainage Basin. 

The Cadiz linear in this same area is on the drainage divide. The 

geologic surface map indicates an _ arcuate outcrop pattern of ~10non- ' · 

, 
i 
) , 

gohela errosional remnants in the area. 
" :1 

In the Ohio River Drainage Basin· at \.]'heeling, \.Jest Virginia, there 

are closely spaced lineations on stream divides, normal to the Basin 

boundary with subset l~neations in approximate 450 tributary 

:1--45 

'·1 



'r 

~'l-1""'"''''''''''''''':'''~---­

·'"L~r.""""'_'_~ .. --"~-r 

.~ 

relationship. This regular pattern should be investigated for 

correlation with coal cleat sets in the involved Pennsylvania 

and Permian rock formations. In this respect, investigators tnl,l,st 

be aware of surface effects of coalbed. pseudo structures and·pos­

sible Silurian salt section anomalies. 

~he major. (Teays) preglacial drainage pattern was extensive in 

Central ·Ohio and drained to .the NW with a NW trending basin which 

now includes several existing north, NE and ~nN trending basins. 

LINEAR CORRELATION WITH SUBTLE SURFACE STRUCTURAL FEATURES 

No particular lineation correlation is evident between the ~n~ 

trending so-called "Parkersburg-Lorain Syncline" and "Cambridge 

Arch". A possible lineation correlation is evident in the area 

of the NE trending "Huntington Syncline". 

EXM~LE OF LINEAR CORRELATION TO GEOPHYSICAL EVIDENCE 

The Gravity Map of the United States (U.S.G.S. 1964) represents at 

least two gross systems merging within Ohio. A p.ositive arcuate m.J' 

gravity trend (bvo sets)' is evident extending through Western Ohio. 

Central Ohio appears to be a mixture of positive anq negative anom­

alies trending NNE. A negative NE gravity' trend is evident extend­

ing through Eastern Ohio. The LANDSAT lineations appear to be 

honoring both major WN and NE influences. It is obvious Ohio has 

been and is a focal point for gravity related dynamics. 

Detail seismic reflection data from a five township area in Morro~v 
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County, Ohio indicates numerous, essentially NNE and UNTil trending 

sets of Cambrian structural terraces. This area (Morrow County 

Consolidated Oil Field) discovered in 1963, is a pre-Ordovician 

buried subcrop reservoir at the to~ of the Cambrian (old) eros­

ional surface. In this writer's opinion, these structural. ter­

races seem to be controlled by low displacement (down to the 

Basin), 'normal Basement faults and are apparently cut by low 

displacement WNW and ENE transverse (sheer) faults. The Top 

Cambrian errosional surface (Knox Unconformity) apparently devel­

oped upon these (faulted) zones-of-weakness. Post unconformity, 

differential compaction (sedimentary) and other 'geologic processes 

have been notea (well log examination) to attenuate upward from 

many positive Knox Unconformity anomallies and extend, in some 

cases, into the near s,urface., Devonian "Big Lime" formation. 

These causal rock stress relationships appear to be effect-related 

in the geomorphic record by gross, but subtle, LANDSAT and other 

land surface related observations. 

, 
., 

~ 
i 
'j 

i 

1 

. J 

'I 
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DISCUSSION 

The literature is nearly void of m~asured joint orientation field 

observa·tions. The Devonian Shale, Report No.. 27, Division of 

Geological Survey, Ohio, does list the following data: 

AREA JOINT FIELD ORIENTATIONS 

Columbus Vertical NE & N1.-1 

Bellefontaine Vertical N-40-W & N-55-E 

Conneaut-Ashtabula Vertical N-55-W & N-40-E 

This report states that joint orientation in the Devonian Shale 

shows gr~ater variation in the NW azimuth.'" The report also states, 

joints cut cleanly through ro'cks of different types and styles. 

In this writer's opinion, the LA.~DSAT linear features are signif-

icant. 

1. The various anomalies illustrated encourage exploratory invest­

igation which may cause a commercial mineral discovery. In the 

case of the"circulars"in eastern Ohio, prior to oil and gas devel­

opment, "shallow" oil 'and gas would have been discovered if the 
.. 

circular had been drilled first. In south'tvestern Ohio, to date, 

commercial oil and gas discovery,has not yet occurred. The deep 

potential reservoirs in all of Ohio have not been adequately tested. 

2. If lineations correlate with joint patterns, the probability 

of fracture enhanced reservoirs in the trend of the lineations is 

, 
,1 

)' 

'. i apparen t . Pro duct i ve trend pro j e c Hons are important to the 0 i1 , i 

t § .h~f_r .. plor.clo" comp_"V 13{i 
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l. 
and gas discovery success ratio. 

3. All linears represent a significant amount of new investi­

gative evidence which, coupled with other exploration tools, shall 

inexpensively increase the discoyery rate of oil, gas and other 

minerals. 

5. The linear features appear to be a response to geologically 

ancient and also recent geological circumstances. The effect of 

the compressive forces of the Appalachain Mountains building epi­

sodes and subsequent relaxation of same have been an important, if 

not perhaps an ove~riding influence. The plat'e tectonic hypothesis 

is J of course, an important part of the Appalachain tectonic story. 

The relaxation of Appalachai'Zl compressive forces and the basement 

differential zones of rock types and ages, possibly defining react­

ivated, fault zones, have influenced the structural responses in 

Ohio. The "up-thrown" Serpent Mound fault comple:-c appears to be 

on such a dynami9 mv-SE basement trend. It is significant that 
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western Ohio-Indiana appears as a "stable". area throughout geologic-! 

ally recorded sedimentary time when crustal subsidence and basin- , 

filling occurred upon nearly all of the borders of this "stable" I 
I zone area. The gravity trends are but poorly underst~od, but appar-, 

ently indicate a part of the ancient geologic history of Ohio which 

the LANDSAT lineation appears to support. 

6. When viewing the LJu~DSAT linears it is important to proceed 

within the context of the following rationale: 

(a) The rock composition and the dynamic structural history 

of the Appalachain Basin caused zones of weakness in the rock units .. 

(b) These zones of weakness produced joints and faults in pre- I 

ferred directions in (apparently) nearly vertical planes. 

(c) The subsequent drainage eroded into m~ture t~pographic 

features favoring one or more zones of (rock) weakness, ie. joint 

sets. 

(d) Continental glaciation generally enhanced the main pre­

existing topographic patterns except much of the drainage flow was, 

more or less, reversed and joint patterns continued to control the 

drainage. The post-glacial buried valleys were filled with partic­

ular aluvium, compacted (differentially) and can still, in many 

cases, be seen by various subtle image effects. The repeated 

alignments of systematic bedrock related events cause the lineation 

in glaciated and non-glaciated areas alike. The investigator 

should however, be aware of the masking effects of recessional r' 
L 

t f' mora~:~s. !".any topographic features are responsive to bedrock structJ 

f ural influences. 

~ § .h ••••••• , ......... m ••• , 
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(f) Thereft.:>re, bedrock structures, particularly joint (and 

fault) evidence and evidence of deep section disturbance can in­

dicate effective gas and fluid entraping mechanisms and also can 

indicate gas and fluid reservoirs... These enhanced conditions are 

worthy of a test by the drill. The various sophisicated, success-

ful gas and fluid fracture techniques used since 1954 to stimulate 

new (and old) gas and oil wells take adv.antage (act upon) the planes .. 

of-weakriess and open joints 'in the reservoir rocks of interest. The 

success of these techniques is testimony to the availability of 

reservoir related joints. This writer notes all rock outcrop 

areas visited in Ohio have an observable jOint system. 

.] 

) 

! 
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RECOMl1ENDATIONS 

1. Selected LANDSAT, high and medium altitude photography "lin­

eations, curvilinears and circulars" must be field checked for 

field identification of features in-fact, including numerous 

measurement of rock joint sets where ever possible. 

2. One or more pilot atlas(es) of sequential LM~DSAT imagery 

should be compiled to determine the optimum season(s), sun angle 

and sensor wave length band or bands in various Appalachain work 

areas. 

3. LANDSAT linears should be mapped by optimum sensor(s) from 

the core of the. Appalachain, NH' into the Appalachain Basin to the 

western boundry of same basin to progress from known systems of 

surface joints and faults. This can be done in separated parallel, 

continuous scenes ~f ap'propri'ate width and ·"filled-in" during sub-

sequent programs. 

4. Down-hole determinations of joint strike and dip (orientation) 

be·fore and after "frac" treatment should be encouraged, supported 

and requested from operators whenever possible. 

S. All data should be acquired and p'rocessed to prove or disprove 
. 

the chain of logic presented in the "discussion" segment of this 

report, Item 6, a thru f, upon which linears have been related to 

rock joi~ts under a variety of geomorphic conditions. The credi­

bility of the LANDSAT and air photo linear measurement technique 

must be always subj ect to as' much proof as is .reasonable to apply. 

In this respect, the basic support data is available literally, on 

the surface, and can be measured, in many cases, down the bore hole. 

§ ahaf.,. •• pJo,..Clo" comp."y 
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6. The proof that surface expressed linear concentrations also 

occur underground (in the subsurface) is essential to establish 

and can be established. 

7. A further geologic rationale must be developed an9 demonstrated 

explaining fracture seal and fracture preservation throughout the 

sedimentary section, in reservoir areas and upon the surface of 

the ground~ 

8. First generation LM~DSAT linear progress maps, properly label­

ed, should be systematically constructed and made available to 

the public as soon as possible. 

9. Continue to sponsor correlative geological and geophysical 

LA!~DSAT-air photo studies of the Appalachain Basin. 

Respectfttlly submitted 

~ •• ~A-
William E. Shafer· 
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WRITER'S COMMENTS 

The approximately 350 to 400 independent Ohio oil and gas 
operators are called "Independent Producers", along with sim­
ilar operators in the other states within the oil and gas 
industry.* The role that all of the approximately 10,000 
Independent Producers play ~qithin the (domestic) national oil 
and gas industry is important. Hi~toric'ally, the Independent 
Producers drill 89.2% of t!le "wildcat" oil and gas test wells 
searching for new reserves. The Indenendent Producers have 
discovered 53.8% of all new oil and gas reserves and 75% of all 
new oil and gas fields.**The Independent Producers, are in fact, 
very competitive and aggressive with each other individually and 
they are likewise, very competitive and aggressive in the same 
exploration and development areas of interest with the largest 
national and multi-national (Hajor) oil and gas corporations. 

The Independent Producer currenelyprovides nearly 100% of the 
oil ~nd gas exploration and development activity within the State 
of Ohio. In the other Appalachain States, a few of the Major oil 
and ga~ corporations are apparently only infrequently engaged in 
limited exploration activity. The Independent Producers provide 
continuous oil and gas, activi~y within each of these states. 

Year 1974 (last year of record) 15,406 "stripper wells" produced 
6,362,000 barrels of oil in Ohio, being 1.147 barrels per day per 

~f well average. In same year of record, 366,095 "stripper wells" -"i ' 

produced 411,936,000 barrels of oil in the United States (Lower 48), 
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.being .3125 barrels per day per well average.*** Stripper well 

production is an important part of the National oil reserves 

supply . 

The recommendation for one or more pilot atlas(es) (See Page 17, 

Item 2) should include same target area comparison of the vari­

ous enhancing software, hardware and hard copy processing for 

optimum geological view of the target scene and (personal) per-

ception, "loss or gain" of the subject linear, curvilinear and 

circular family sets, including other data (pixel) organizing 

techniques (study area pixel signatures). 

William E. 

November 4, 1976 

* Ohio Oil and Gas Association, January, 1976 

** Independent Petroleum Association of America, May, 1976 

*** Indeoendent Petroleum Association of America, 1976 
"Stripper Well Survey" 
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TASK 2. I..ANDSAT LAKE ERIE SEDIMENTATION ANALYSIS 

Background 

Sedimentation pollutes surface water bodies of all sizes 

and presents a number of environmental and economic problems. The cost of 

dredging on a regular basis to remove sediment~ from bays, harbors and 

waterways is very high. Sediment particles may also carry with them toxic 

materials which may be deposited in a localized area,creating a potential 

public health hazard. Shore erosion and erosion of agricultural lands 

are of both economic and environmental concern in Ohio. Estimates of 

sediment production in tons'per year per square mile for areas bordering 

Lake Erie are shown in Figure 12. OVer 400 tons a year per square mile 

are eroded from some areas in Western Ohio. 

The ability to measure sediment load, to identify the source of the 

sediments and to model the potential effects in areas receiving the major 

portion of deposition would greatly enhance state agencies' capabilities 

to manage problem areas before se~ious environmental damage occurs. 

Objective and Scone 

The overall objective of the Lake Erie sedimentation task was to 

investigate the feasibility of utilizing remote sensing data, specifically 

LANDSAT imagery, for determining suspended sedimentation levels and seasonal 

distribution of sediment loads in Lake Erie. 

The planned scope of this task was to investigate and analyze 

sedimentation discharge in Sandusky Bay,o Ohio. However, this analysis ~yas not 

feasible as a result of the complete lack of hydrologic data which was expected 

to exist for the area. The only data available were infrequent and occasionally 

collected data at a water quality station on a tributary of the Sandusky River 

40 miles upstream from the river mouth on the bay. Because of the limited and 

partial sampling of the Sandusky River confluents in the tributary, these 

4-56 

, 

, 
i 

} 

I 
f! 

·,i . ' 



t. 
o 

\ 

o N TAR 

SCALE IN MILES 
53 ee 

o 10 :Zu 30 ·:0 50 

PEN NSYL.VAN IA 

FIGURE 12. ESTIMATED SEDIMENT PRODUCTION IN TONS/YEAR/SQUARE MILE 
OF LANDS DRAINED BY TRIBUTARIES OF LAKE ERIE 

Source: Great Lakes Basin Framework Study, Appendix 18: 
Erosion and Sedimentation, Great Lakes Basin Commission, 
3475 Plymouth Road, Ann Arbor, Michigan 48106, 1975, 
page 110. 
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data were not considered appropriate for analysis. Therefore, the study 

area was expanded from the Sandusky Bay area to include the Western Basin 

of I.ake Erie. 

Sixteen LANDSAT 1 and LANDSAT 2 scenes covering the Western 

Basin of Lake Erie were analyzed. The dates and scene numbers are shown 

in Table 2. Efforts were made to obtain hydrologic information, including 

sediment load data, °for the study site on the dates of the LANDSAT over­

passes, but such data wer~ unavailable. However, water and sedimentation 

discharge data were available from the U.S. Geological Survey's Water 

Quality Monitoring Station located on the Maumee River at Waterville, 

Ohio. 0 This site is loca~ed approximately 21 miles (33.9 km) upstream from 

the p~int where the mouth of the river enters the Toledo Harbor. oThese 

data were acquired for the LANDSAT ~verpass dates. 

Methodology 

A Macbeth Transmission Doensitometer (Model lD-102) ~{as used to 

obtain film transmissivity measurements for four points on each LANDSAT 

frame. These points are as follows: 

(1) The quarry on Marblehead Peninsula 

(2) The mouth of the Maumee River where it outfalls into 

the Toledo Harbor 

(3) The approximate center of the Western Basin of Lake Erie 

(4) The highest density step of the density wedge at the 

bottom of each LANDSAT frame. 

These sample points are shown on the map in Figure 13. Measurements 

directly at the image point (Maumee River) where the sedim~ntation data 

were obtained were not feasible due to the small scale of the imagery and 

the large spot size of the densitometer. Transmissivity measurements were 

made on LANDSAT Bands S, 6, and 7. The sedimentation di~~harge data measured 

were in tons/day plotted on th~ y-axis of semilogarithmico graph paper with 

the imagery dates providing the scale for the x-axis. The film transmissivity 

4.[. measurements for each scene date were plotted on the y-axis using the same 

x-axis time scale. 
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TABLE 2. LANDSAT 1 AND 2 SCENES USED 
FOR THE SEDIMENTATION ANALYSIS 
ON LAKE ERIE 

LANDSAT 1 

Scene Number Ima!?je Date 

E1247-15481 27 Mar 73 
E1265-154~0 14 Apr 73 
E1319-15474 7 Jun 73 
EI337-15472 25 Jun 73 
E1391-15464 18 Aug 73 
El445-15453 11 Oct 73 
E1427-15460 23 Sept 73 

LANDSAT 2 

E2117-15353 19 May 75 
E2135-15355 6 June 75 
E2189-15352 30 July 75 
E226l-15342 10 Oct 75 
E2297-l5340 15 Nov 75 
E2315-15335 3 Dec 75 
E244l-l5311 7 Apr 76 
E25l3-15292 18 June 76 
E2531-15285 6 July 76 
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FIGURE 13. PORTION OF A LANDSAT SCENE (BAND 5, APRIL 14, 1973) SHOWING SU SPEND ED 
SEDIMENTS IN THE WE STERN BASIN OF LAKE ERIE 

Arrows indicate f ilm transmissivit y measurement points . Arrow with 
X indicates appr oxi mate l ocation of USGS Water Quality Moni t oring 

.Station at Wa terville , Ohio . 
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Results 

The results of the LANDSAT data transmissivity analysis are con-

tained in Table 3. The USGS-acquired hydrologic data used in the cor­

relative analysis are shown in Table 4'. The latter includes sediment dis­

charge in tons per day measured at the Waterville Water Oua1ity Monitoring 

Station. Plotting and comparing the 1975-1976 data shows agreement 

between 'the sediment discharge in the Maumee River and the percent trans­

·missivity readings for all data with the exception of December 1975 and 

June 1976 (Figure 14). A similar lack of agreement was found between the 

1973 LANDSAT and sediment discharge data (Figure 15). 

It was observed that LANDSAT Band 6 is the best single band for 

identification of sediment loads in water bodies. 

Conclusions and Recommendations 

A b'etter correlation of data exists for the 1975-1976 data than 

for the 1973 data. The better data may have resulted from the f~llo~-1ing: 

• Film transmissivity readings were not taken at the point 

where sediment load and discharge were measured. The 

size of the river on the small-scale imagery and the 

larger spot size of the densitometer precluded any 

film measurements on the river. 

• As the sediment-ladened water enters the' mouth of the bay 

!' the river velocity slows and the capacity of the river to 
! 

, carry particles (especially larger particles) in sus· 

~ pension lessens.' This results in a dropping"of sediment 
I' 

~ at the mouth of the bay or a short distance upstream from 

,'" " 

the mouth of the bay. Thus, a high sediment load in the 

river may not be reflected in the sediment levels of the 

bay and, in turn, the basin. 

• Sediment levels in the bay and the ba'sin may differ in 

amount as a result of the influence of wind. This may cause 

areas of erosion along the shore to influence sediment levels 

in the two areas differentially. 
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TABLE. 3. PERCENT TRANSMISSIVITY READINGS OBTAI~~ FROM 
SELECT LANDSAT BAND 6 IMAGERY USING 'mE 
MACBE'm DENSITOMETER 

1973 
Imagery 

27 Mar 73 

14 Apr 73 

7 June 73 

25 ",'une 73 

18 Aug 73 

23 Sept 73 

11 Oct 73 

1975-1976 
Imagery 

19 May 75 

6 June 75 

30 July 75 

10 Oct 75 

15 Nov 75 

3 Dec 75 

7 Apr 76 

18 June 76 

6 July 16 

Density Step 

0.8 

0.7 

0.7 

0.56 

0.55 

0.8 

0.7 

Density 

0.4 

0.25 

0.4 

0.53 

0.8 

0.8 

0.49 

0.6 

0.6 

Step 

Marblehead 
Quarry 

4.5 

6.0 

4.0 

11.0 

6.0 

0.625 

2.3 

Marblehead 
Quarry 

. 20.0 

35.0 

23.0 

Clouds 
No Reading 

4.0 

Clouds 
No Reading 

23.0 

35.0 

26.0 

..]!.y Basin 

2.0 0.85 

1.4 1.25 

1.7 0.73 

3.0 1.25 

1.55 1.3 

1.38 0.69 

1.0 0.69 

~ Basin 

5.0 0.7 

13.0 1.9 

3.9 1.05 

0.6 0.6 

0.67 0.75 

0.95 0.95 

4.8 1.8 

9.0 4.5 

2.9 1.9 
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TABLE 4. HYDROLOGIC DATA MEASURED AT THE 
WATERVILLE WATER QUALITY STATION ) 
FOR LANDSAT OVERPASS DATES IN 
1973 and 1975-1976 

/ 

Mean Water Sediment 
Discharge, Discharge, 1973 cu ft/sec tons/day 

27 Mar.1973 17',500 7,280 
14 Apr 1973 8,950 2,010 
7 June 1973 27,800 36,500 

25 June 1973 2,420 203 
18 ,\ug 1973 5,120 1,130 
23 Sept 1973 236 30 
11 Oct 1973 610 87 

l ~ean Water Sediment 
Discharg'e, Discharge, 

1975-1976 cu ft/sec tons/day 

19 May 1975 1,920 301 
6 June 1975 13,600 10,400 

30 July 1975 504 109 
10 Oct 1975 770 79 
15 Nov 1975 1,900 139 
3 Dec 1975 10,400 3,850 
7 Apr 1976 2,630 178 

18 June 1976 596 50 
:' ' 

6 July 1976 1,460 300 t , 

" 

( 
':,'-, 

~-
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Sufficient positive correlation has been found in the analysis to 
suggest a feasible method of using repetitive LANDSAT data to iq.entify and 
measure suspended sediment levels in water bodies on a routine basis. 
Nowever, more extensive analysis should be performed in order to establish 
measurement accuracies before any operational consideration is given to this 
technique and resultant data. 

In addition, ground truth measurements of sediment levels and types 
of sediment material must be sampled at the same time as LANDSAT overpasses 
occur. These should be accompanied by spectral radiometric measurements in 
the same area. A complete and continuing survey program incorporating 
meteorological, hydrological, and environmental data could establish and. 
document the link between river and lake conditions/characteristics required 
for dev~loping a useful operational model. 

Use/User Implications 

A number of researchers have determined that LANDSAT imagery can 
be used for determining types and quantities of sedimentation in large 
reservoirs and lakes. This preliminary task has attempted to determine the 
feasibility of using the data for monitoring/modeling Lake Erie sedimentation 
by comparing the measurable reflectivity of sediments in the lake water as 
recorded on LANDSAT imagery with hydrological/sediment loading data. 

Additional and more extensive research efforts are expected to 
clarify uncertainties experienced in this brief analysis and result in the 
development of a methqdology for operational use. 
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TASK 3. LANDSAT AND AIRCRAFT URBAN LAND USE ANALYSIS OF COLUMBUsl FRA~LIN COUNTY, OHIO 

Background 

The Ohio LANDSAT 1 program domenstrated that many state ... level requ;rements for land use planning could be served by repetitive, small­scale, multispectral satellite d~ta. It was equally apparent that much of the high-priority need for monitoring land use changes,inventorying critical environmental areas and assessing land capabilities is associated with. de­tailed natural and cultural features in large, dynamic and complex urbanized areas. This need cannot be completely fulfilled by the current LANDSAT data capabilities. However, until survey satellites which have significantly improved spectral and spatial capabilities are launched, high-altitude air­craft data could be a cost-effective alternative for reinforcing LANDSAT analysis in complex urbanized areas. ~ence, the theme of this task was to determine the limits of LANDSAT land use data analysis in urban areas .and the op~ortunities for merg~ng detailed aerial data into a computerized land use inventory system·to provide the detail and overall accuracies suf­ficient to permit its operational implementation on a state level. 

Ob1ective and Scope 

The main objective of this task was to demonstrate how high­altitude aircraft data could be used to complement LANDSAT land use data analysis in large, complex urban areas of Ohio. 
This land use demonstration analysis was conducted for the Columbus/Franklin County, Ohio, area. The site was selected for the fol­lowing reasons: 
(1) nte area has experienced dynamic changes throu,ghout. the past 20-year interval 
(2) 

(3) 

The area contains a good mix of cultural, natural and environmental features such as heavy industries, large warehouse centers, an intensiv~ transportation network, several rivers, reservoirs, old and new :esidential neighborhoods, airfields, etc. . ' 
Local knowledge of the area would facilitate interpretation of LANDSAT and aircraft data 
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(4) The area has been extensively documented with aircraft, Skylab and LANDSAT imagery, allowing a' multilevel/ 
multidate/multiscale examination of land use features at image scales ranging from 1:40,000 to 1:1,000,000 

(5) An initial '(LANDSAT 1) study had already determined the general degree that land use features could be identified in this area. 

Methodology 

The task was accomplished in the following steps: 
• Selection of map scales 
• Selection of a suitable land use classification scheme and appropriate land use classes 
• Acquisitions of base maps and data base 

• 
• 
• 
• 

Selection of mapping procedures 
Extraction of land use information from high­
altitude aircraft imagery 
Computer a,nalysis o.f LA~"DSAT digital data (CCT's) 
Comparison of' LA~"DSAT and'high~altitude aircraft land use data. 

Selection of Map Scales 

Map scales ~vere selected by the participating staff of the Ohio 
Department of Natural Resources. A 1:24,000 scale was selected as the one 
of operational interest. At this scale, an area covered by a 1.2 
acre pixel is represented on the map as an area of 0.36 by 0.36 em (0.14 by 
0.14 in.). 

Selection of Land Use Classification Scheme and Classes 

The USGS land use classification scheme used in the Ohio LANDSAT 1 program 
was selected by the project monitor at the Ohio Department of Economic and 
Community Development (ODECD) as desirable for this task also. However, 
certain modifications suggested by Ohio Department of National Resources 
personnel were made to better accommodate the ,subsequent digitization of 
land use data for incorporation in the State of Ohio land use inventory. 
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Also, the recently revised version of the USGS classification scheme was 
used, which changed some second-level feature classifications. 

Acguisition of Base Maps and Data Base 

Black and white Mylar base maps of Franklin County, Ohio, were 
purchased from the Ohio Department of Transportation. The Mylar maps were 
duplicates of base maps used in the compilation of the 1:24,000 USGS . 
topographic mapsheets. Eighteen maps were required to cover the enti~e 
county; however, five maps were found to cover the Columbus metropolitan 
area. 

Information on these base maps already featured transportation 
networks, schools, churches, rivers and reservoirs, as well as the location . 
of the total urban outline in black. The most recent revision on these 
maps had been made in 1973. 

The principal data used were six color infrared 240-~ format 
transparencies flown by NASA over Columbus, Ohio, on August 18, 1976. . , 
The film frames were totally cloud-free and generally appeared to be of 
excellent quality. 

In addition, the following data were used: 
• 1:40,000-scale, color and color IR imagery 

flown by NASA over Columbus in August 1973 
and January 1974 

• l:l,OOO,OOO-scale MSS transparencies obtained over Columbus from 1973-1976 
• CCT data of Scene E-1265-1.5483 dated April 14, 1973. 

Selection of Mapping Procedures 

Several techniques were evaluated for interpreting and transferring 
land use information to the 1:24,000-scale Mylar base maps. 

parency. 

Spectral Analysis or Density Slicing of the Color Infrared Trans­
A Spatial Data 703-32 'Coior Video system was used to determine 

whether Levels I and II land use features appeared spectrally distinct, so 
as to permit machine classification of the film data. The intent ~yas to 
eliminate extensive photointerpretation time by using machine-aided techniques. 
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t. Digitization of the Color Infrared Imagery. A digitization 

system with a subroutine called Digitline/Digit 3D was evaluated. By 

mounting the positive transparency on the light table of the digitizer, or 

by projecting (and enlarging) it with a projector behind the light table, 

an operator could enter x, y and constant·coordinates which marked the 

boundaries of each land use class. .By entering sufficient points along each 

boundary, areas of Level I and Level II land use classes would then be 

recorded on magnetic tape for subsequent calculation of the overall boundary 

and plotting of a land use map. The intent was to generate land use data 

in computer-compatible formats which would eventually be entered into the 

statewide Ohio land use inventory. The problem with this method was that 

it proved entirely too time consuming. Also, polygons, rather than the 

precise boundaries, were marked, so that the areas covered by various land 

use categories were approximations, rather than the actual delineated areas. 

Rear Projection to 1:24,000 scale of the Infrared Color Image~ 

Direct1v Onto the Mylar Base Maps. The color infrared imagery appeared 

.superimposed on the Mylar maps ·~nd the phqtointerpreter delin~ated each 

land use class in color. A 240-mm rear projection system featuring a 1.5 

by 2-meter screen was used to enlarge the 1:120,000-scale imagery5X. 

Extraction of Land Use Information from High-Altitude Aircraft Imagery 

The rear projection techniques were found to be suitable for 

identifying and delineating detailed land use classes, and for transferring 

these to a 1:24,OOO-scale map. Each 240-tTml infrared color transparency was 

mounted in the rear projection system and projected in full format on the 

1.5 by 2-mete~ rear projection screen (approximately 5X magnification). 

Each Mylar base map was then fastened on the screen and the projection 

optics were adjusted until the projected infrared imagery and the map per­

fectly coincided~ Major road intersections were used as alignment reference 

points. The image analysts then outlined each land use class on the Mylar 

base maps. Certain features, such as water, forest land, and new construc­

tion, could be identified on the basis 9f image color or tone. Land use 
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features, such as industry, commercial, and residential areas, required 

identification on the basis of spectral and spatial characteristics, i.e., 

on the basis of their geometry, size, alignment, etc., as well. If in­

dustrial and commercial complexes could have been classified together, then, 

some of the detailed work expended in this effort could have been reduced. 

Specifically separation of industria~ and commercial features required a 

stereo analysis of 1:40,000-scale imagery. Only in one instance was a ground 

check necessary to confirm the interpretation. The Spatial Data Color Video 

System 703-32 was used to density slice several land use classes which,could 

be accurately differentiated on the basis of their spectral characteristics. 

Basically, land use classes were delineated according to the cur­

rent USGS classification system. The following classes were added, however, 

to be responsive to expressed local planning inter~sts: 
• 

• Areas undergoing construction, to indicate where structures 
were in the process of being built, but were not yet com­
pleted. The Level 11 class was added to indicate areas 
of current growth/development. 

• Public and private institutions, such as schools" , 
universities, and churches. 

• Public and private recreation, such as parks and 
golf courses. 

During the aircraft imagery analysis, comparison was .~de with 

a detailed (1:50,000 scale) land use map compiled and published by the 

Franklin County Regional Planning Commission in 1964. Discrepancies 

occurred only in areas having undergone changes and in areas where the 

Planning C~mmission probably delineated land use boundaries from reference 

data other than on aerial imagery. 

Each land use interpretation was transferred to the 1:24.000-

scale Mylar base map with a color pen for subsequent planimeter analysis. 

* Computer Analysis of LA~~SAT CCT Data 

For comparison purposes, LANDSAT computer compatible tapes of 

April 12, 1973, data showing the Columbus metropolitan area were analyzed 

to determine to what extent land use class Levels 1 and II could be 

* This effort was performed in concert with and at the Battelle 
Northwest Laboratories •. 

I 

3~1Ji 
.o.~ .. ....i.J 



differentiated. A hands-on, interactive computer system was used, which 

provided on-line evaluations of complex data sets, provided for the rapid 

input of calibration data, and for the addition of data during and after 

the analysis sequence. The digital tape data were read directly into the 

computer system, after converting the 7-t~ack CCTs to 9-track tape. The 

computer system had a 128 K core memory, a 20 million word disk storage 

which allowed for the rapid manipulation of the data. A high-resolution 

graphic dfgitizer was used to input high-altitude color infrared imagery 

and cartographic data. In addition, the system had a light pen interactive 

scope, high-resolution storage scope and, for output devices, a mu1tipen 

Calcomp plotter, a Gould electrostatic plotter/printer for producing gray 

level coded maps and plots, and a DICOMED high-resolution color film re­

corder. These peripherals allowed a wide range of user products to be 

reproduced rapidly. 

Emphasis was placed on producing color land use maps with the 

DICOMED system, which was used to produce 80 by 80-mm color negative 

f acetate film transparancies on a 4 by 5-in. film format. The transparency 

was produced with a 4096 by 4096 point resolution, using three color 

filters. Analysis was initially performed for 12 spectral classes which 

( 

were eventually compressed to nin~ land use classes. 

The rationale for producing the various outputs was derived for 

a variety of reasons. They were to: 

• Provide the image analysts with the means to 
make qualitative and quantitative comparisons and cor­
relations ~vith standard cartographic data and with the 
data derived from the high-altitude aircraft data 

• Provide information as to the limitations im- . 
posed by each product, when urban land use classifications 
were performed 

• Provide visual proof if the use of the CCT's 
definitely resulted in more land use information, and to 
a greater detail than the image transparencies 

• Help determine which type of product was 
more appealing to the land use planner when making 
decisions based on relatively complex information 

• Help establish those land ~se classes which could 
be derived with confidence from LANDSAT data, 
and those which result in poor accuracy figures. 
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Comparison of Land Use Data Derived 
From LANDSAT and Aircraft Data 

A comparison of land use data extracted from the high-.altitude 

color infrared aircraft and the LANDSAT data was made. The intent was to 

determine to what extent/accuracy Level I and II land use classes ~ould also 

be extracted from LANDSAT data. For detailed comparison one USGS quad­

rangle sheet (scale 1:24,000; area = 145 km2) was analyzed. 

Area data were calculated from the LANDSAT data by computer. Land 

use information derived from the aircraft imagery was delineated with a K&E 

62000 Polar Planimeter, and acreages calculated. 

Results 
f 

In-depth analyses of high-altitude aircraft imagery, LANDSAT CCT 

,data and imagery generated from the CCT's of the Columbus/Franklin County, 

Ohio, area yielded a number of .interesting results. 

High-altitude color infrared imagery, photosca1e 1:120,000, with 

an estimated spatial resolution of 1-5 meter, was useful for delineating 

all Level I land use classes applicable to Ohio. It was also used to derive 

17 out of 18 Level II land use classes. Larger scale aircraft imagery and 

ground truth data were required to separate some classes, especially where 

industrial and commercial features appeared side by side. This effort 

resulted' in the preparation of four Mylar maps (scale 1:24,000) covering 

the total metropolitan area of Columbus, Ohio. "The maps show Level I and II 

land use classes and will be scan-digitized by the Ohio Department of 

Natural Resources for entry into the statewide land use inventory for 

demonstration purposes. (See Figure 16 for sample of map products gen­

erated. ) 

Computer-processed LANDSAT data were used for delineating all 

Level I land use classes applicable to Ohio. They were also used to de­

rive eight, Level II land use classes with varying degrees of accuracy. In 

addition, the following computer-generated outputs were prepared and 

utilized in this study: 
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FIGURE 16. COLOR- ENCODED LAND USE MAPS OF COLUMBUS, FRANI<LI N CO NTY , 
OHIO BASED ON CONVENTIONAL , PHOTOINTERPRETIVE ANALYSIS OF 
AIRCRAFT DATA (MOSAIC OF FOUR USGS QUAD SHEETS, ORIGINAL 
SCALE 1:24,000) 
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(1) Hardcopy printouts which show Franklin County and 
surrounding area.as a color composite of the four 
LANDSAT MSS bands 4, 5, 6, and 7. (0.5-0.6; 0.6-
0.7; 0.7-0.8; and 0.8-1.1 ~m, respectively). The 
scene was recorded by LANDSAT 1 on April 12, 1973. 
LANDSAT 1 data were used since CCT data for LANDSAT 2 
were not available. The color composite prl.ntout 
was scaled to 1:125,000 (Figure 17). 

(2) Hardcopy printouts of land use features appearing in the 
LANDSAT scene above, bounded by 'the Franklin County 
outline. Nine Level I and· II land use classes were shown 
in color. The printout was scaled to 1:125,000 
(Figure 18). 

(3) Hardcopy printouts of area calculations for the 
Franklin County acreages covered by each land use 
class (Figure 19). 

(4) Hardcopy printouts of land use features appearing in the 
area of one USGS quadsheet (1:24,000) in the Northeast 
portion of Franklin County. It was color encoded in the 
same land use classes as the land use printout of the 
entire county. Again, the same nine classes were used 
(Figure 20). 

(5) Hardcopy printouts of area calculations for the county 
Northeast quatrant'acreages covered by each land use 
class (Figure 21). 

(6) A gray tone map using only MSS Band 6, scaled to 
1:24,000, of Franklin County. 

(7) A symbol encoded map using only MSS Band 6, scaled to 
1:24,000, of Franklin County, showing 12 land use 
classes. . 

A comparison of high-altitude aircraft and LA~~SAT data showed 

that LANDSAT data are adequate fo~ delineating land ~se areas 

in rural areas and in the new growth sections of urbanized areas. This 

implies that, wi~hin a state like Onio, land use classification by LANDSAT 

* data is feasible for 98.5 percent of th~ state. Within the urban areas, 

especially those of the larger metropolitan areas such as Cincinnati, 

Columbus, and Cleveland, use of high-altitude aircraft data by conventional 

and/or computerized image analysiS is essential. The reason for this is 

simply that rural and newly urbanized areas may be identified and delineated 

primarily on the basis of spectral data content, i.e., on the basis of the 

way they reflect sunlight in the visible and near infrared portions of the 

* Figures from Ohio 2000, Choices for Today: Metropolitan Ohio, November 1974, 
ODECD p. 69. 
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FIGURE 17. COMPUTER GENERATED COLOR COMPOSITE (4 MSS LANDSAT · BANDS) OF 

COLUMBUS, OHIO AND SURROUNDING AREA . (DATA TAKEN BY LANDSAT 1 
ON 4-12 1973) 

4-76 



.,. , 
....... 
....... 

FIGURE 18. COMPUTER GENERATED, LAND USE MAP OF FRANKLIN COUNTY, OHIO (l359 'SQ KM). DATA ARE 
ESPECIALLY WELL SUITED FOR DELINEATING NEWLY URBANIZED AREAS. ANALYSIS OF EARLY 
SPRING (APRIL 12) DATA, RESULTED IN POOR CLASSIFICATION OF OLDER, ESTABLISHED NEIGHBORHOODS . 
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LAND USE CLASSIFICATION KEY 
CLASS COLOR DESCRIPTION AREA (ACRES) 

r 

1 ' .. RESERVOIRS 7lHl 

2 - STREAMS AND PONDS 26UJ9 

3 - RES I DENT I AL NEW 31UJ61 

11 COMMERC I AL/RESIDENTIAL ,OLD 396(lj7, 

5 
• iIa { .... .. STRIP MINES GRAVEL PITS 818 

6 . -"-J 
--. ..- .. ---. '-' 

DECIDUOUS FOREST 15l!5rD 

7 . 
r-"""'I4l 
L-J CROPLAND AND PASTURE 2371135 

.8 - GREEN FIELDS 17885 

. 9 - TRANSPORTATION 12UlIDrD 

[] 

. ~ 

FI GURE 19. COMPUTER LANDSAT LAND USE CLASSIFICATION KEY AND AREA STATISTICS 
FOR FRA~~IN COUNTY , OHIO 
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FIGURE 21. COMPUTER LANDSAT LAND USE CLASSIFICATION KEY AND ASSOCIATED AREA 
• STATISTICS .FOR N.E. COLUMBUS, FRANKLIN COUNTY , OHIO QUAD SHEET 
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electromagnetic spectrum. Within an established portion of a city, however, 

spectral signatures of Level II land use features and seldom unique and 

mQst be identified on the basis of spectral reflectivity ~ size, alignment, 

geometry, hdght, etc., i.e., their spatia.l characteristics. Tab'le 5 

1aentifies those land use classes which are extractable from LANDSAT data 

along with those which require aircraft data use. Table 6 was compiled 

during a detailed analysis of the primarily urbanized areas of Franklin 

County, Ohio. LANDSAT, high altitude and medium altitude aircraft data were 

analyzed. The table shows to what extent Level I, II, and III land use 

information can be (a) mapped (delineated by area) and (b) identified from 

LA~"'DSAT data. It also lists the MSS bands which provide the best land use 

detail, and whether little or detailed correlation with aircraft data is 

required to identify a particular land use feature. 

By comparing area mensuration data derived for an area covered 

by one USGS quad sheet in northeas t Franklin County, a measure of accu:racy 

was provided. Table 6 compares acreages in four Level I land use categories 

as measured by the co~puter with LANDSAT data and by conventional planimetry 

using the high altitude aircraft imagery. Using the aircraft mensuration 

data as a standard, LANDSAT data deviated by no more than 6.7 percent in, an 

area of 145 square kilometers. 

Conclusions and Recommendations 

As a result of the very detailed land use analysis conducted of the 

Columbus/Franklin County, Ohio, area using satellite, aircraft and limited 

ground truth data, it was established that high-altitude infrared color 

photography is useful for analyzing urban land use to Level I and Level II 

detail and some Level III. One 240-mm-format image covers an area of 

28 by 28 km, as compared with 2.8 by 2.8 km for the conventionally flown 

1:12,OOO-sc'ale imagery. The cost saving implications in terms of data 

'co1lection and analysis time are obvious. It simply means that Franklin 

County, which requires more than 840 low-altitude photographs for total 

J coverage, can be covered with six to eight high-altitude photographs. There 

is stili certain land use information which requires larger scale aircraft 

data, such as evidenced in industrial and commercial areas. However, most 
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Reaidential II 

New III 

Old III 
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TABLE S. OVERVIEW OF LANDSAT AND Al~CRAFT LAND USE DATA EVALUATION 
OF FRANKLIN COUNTY, OHIO 

r 
Can Be 

Happed From 
LANDSAT (b) 

Yes 

Yea 

Yea 

Yea 

Yell 

. , 

Ye. 

Yea 

Yea 

Yea 

Yea 

Can Be 
Identified 

From LANDSAT(C) 

Yea 

Yea 

Yea 

No 

.No 

Ho 

Ho 

'iea 

Ho 

Yea 

Best H5S Band(d) . 
(in order) 

S; composite 

5; composite 

5: compol1te 

5; compol1te 

5,7, cOl!lpol1te 

5; cOlllpoalte 

5; compoalte 

5,7: comp0alte 

5; COllpoalte 

S: CCllllpoalte 

Requirea 
High Al ti tude 

CIR.(e) 
(minimumimaximum) 

No 

Yea, 
.lnllDUlIl-mallll ... 

IIIlnl_ 

, Yea, maxllllJlIl 

Yea, maxilDUlIl 

Ye •• _xl_ 

Yea; atereo 
maximum 

No 

Yea; _xl_ 
No 

Accuracy(f) 

9S1. 

CDlllllenta 

Can be confused with aurface .ininl, 
therefore notation of geographic 
location is important during image 
analysis (minimum area 1-10 hectares). 

Best results in new areas, where new 
buildings, new concrete street sur­
faces, poor on recently established 
lawns, and sapling trees 3-5 metera 
high result in vivid, bright spec­
tral signature. Older nefghborhoods. 
because of surrounding established 
vegetation and trees 10-20 meters 
high, are often confuse~l wU:h parka • 
forestland and open space" Residentill 
areas in core of city are virtually 
masked by surrounding dense street 
patterns. commercial, indastrial and 
·.other • tructures. 

Large ehopping cent~rs of 5 hectarea 
and more. 

Large plants of 10 hectarea and more. 

Hew .ajor highways and airporta are 
best aeen in HSS Band IS. Older, lat 
and 2nd order aaphalted atreet. in U~~&D 
area best seen in HSS Band 17. 

lequire. are.a of 5 hectare. aad more 
for delineation of ~eature •• 
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Land Uae 
Code (a) 

17 

171 

22 

24 

4 

41 

42 

41 

~ 

Land Use 
Class 

I.and Uae 
Level 

Other urban II 
BuUt-up 
land 

Areas III 
undergoing 
active con-
atructlon 

Areas of nev III 
urban growth 

Public and III 
private 
recreation 

Ina tt tu tiona 1 III 

ARI'icultuu I 

Crop land and II 
palture 

Orchard a, II 
grovea. etc. 

Other agrl- II 
cultural land 

!2!lli 1 

Deciduoua II 
forest 

Evergreen II 
forest 

Mixed II 
forest 

.. 

.' 

Can Be 
Mapped Frolll 
LANDSAT(b) 

Yea 

Yea 

Yea 

Yea 

No 

Yea 

Yea 

No 

'I •• 

Yel 

Yea 

Ye_ 

Yea 

TABLE 5. '~ontinued) 

Can Be 
Identified 

From LANDSAT(c) 

Yea - no 

Yea 

Yea 

Ro 

No 

Yea 

Yea 

No 

Yea 

Y •• 

Yea 

Y •• 

No 

Beat MSS Band(d) 
(in order) 

5. compoelte 

'; compoaite 

5; compoaite 

5,7. compoalte 

5; cOlllpoalte 

5,7; compoalte 

5,7; compoalte 

None 

5; compoait. 

'; composite, 

'; compollte 

'; compoalte 

Requirea 
High Altitude 

CIRCe) 
(minlmulll;maxilllum) 

Ye •• 
lIIinimUlll-maxilllUlIl 

No 

No 

Yea, "'nbua 

Ye., .. x1_ 

No 

O· 
No ~v ~"] 

·,.,di 
C) ~~,~ 
Ol::-
:tIr 

No 
10'"0 
C)::! 
l>G"> 
rrrJ 

No ~iii 
No 

No 

No 

Yea; "XillUlIl 

.... 

Accuracy(f) eoanent. 

Very vivid apectral alanature. Dea-
crlbea areaa in proceaa of building 
up. Are.a aa small aa 1/2 hectare 
have been Identified. 

Describea areaa.which were built up 
in the last 10-15 years. Vivid 
apectral signature. 

Describes golf coursel. parkl. Golf 
courses are rarely confused wl~h 
other land uae featurea. but parka 
can be confused with forestland and 
open land. 

Univer&ities. Ichoola. churchea 

921. Readily identifiable land uae fea-
ture. Best identification during 
growing season. 

Identifiable by "checkerboard" 
pactern during plowing aeason. Re-
quires fielda of 5 hectarea minimulll 
for mapping. 

Spectral resolution insufficient in 
LANDSAT and high-altitude Ale imagel'7. 
Requires 1:40.000-lcale imagery and 
larger. 

Plowed fielda provide vivid apectral 
aignature. 

9n Identifiable in all aeasona. 

Identifiable during &ro~ing ae.sona. 

Identifiable during all aeaaonl and 
especially during winter montha. 

Ability to identify mlxed deciduous 
and evergreen forest requires high- . 
altitude aircraft imagery, unlesa for-
eat containl pure standi of 5 hectarea 
minllllOm of either forest type. 
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TABLE 5. (C~ntlnued) 

Requires 
High Altitude 

Land Use Land Uae Land Uae Happed Fro) Identified Beat HSS Band(d) CIRCe) 
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Code(a) Clan Level LANDSAT(b From LANDSAr<c) (in order) (minimumimaximum) ,Accuracy(f) COIIIIIent. 

5 ~ I Yes Yes 7,6. composite No 901 Identifiable in all aeaaonl. 

5.1 Streama and II Yea Yea 7.6; composite No Identificat~on of water aignature ia • 
canala function of stream or canal vidth. Streams 

vhich are less than 10 meters in vidth 
maybe identified in M55 Band 7 or by 
tree lines on banks of stream in MSS 
Band 5. 

5.2 Lakea II Yea Yea 7,6; compoaite No Lakes as small aa 1 hectare have been 
ident{ fled. 

5.3 Reservoira II Yea Yea ',6; compolite No 

7 Barren land 1 Yet! Yea 5,7: composite No 

75 Strip mines, II Yel Yea 5,7; compolite Yes; minimull Differentiation allOnl typea of aurface 
quarries lIinel requires high-altitude aircraft. 

77 Mixed barren II Yea Yea 5,7: composite No 
land 

<a> New land use and land cover classification system for use vith remote sensor dsta developed by the U.S. Geololical Survey CCircular 964, 1976). 
Supersedes Circular 671. 

(b) Boundary of land use feature can be delineated by spectral or spectral and spatial characteristics. providing the feature occupies a apecified 
minimum area. 

Cc) Land use feature can be ~o9itively identified (gOt,and better) from LANDSAT data. 

(d) Land use feature may be observed in all four MSS bands. but these recorded the feature best (in order). Compo.ite. are complied by comblnlns 
two or more MSS bands, such as 5 and 7; 4. 5, and 7, and 4, 5, 6, and 7. 

Ce> Indictes whether land use feature requires use of aircraft data in addition to LANDSAT data for accurate delineation and/or identification. 

(f) Accuracy determined in this study by compsring computer-processed LANDSAT data with high-altitude aerial color infrared imagery ana1Ylil. 

!~ 
':, ... ;.~ 

r .'.:.,,-~"'t. o;r 

l ... .- _':..i- '0'--' 
'"-"'-... ... ~ .. ~ .. -- ~., ~- _. ~ 

-j 
1 ,. 

I 
~ 

1 
I 



~ 
I 

OJ 
01 

! ' 
! 

,; 
k I , ! 

t~ ~ 
,~ 

L~ 

_ ~ •• ~~ _'. __ ._n .. ..,,! .. _~ --~~,. 

... .... , ' .-
TABLE 6. LAND USE AREA MENSURATION DATA CALCULATED FROM LANDSAT AND HIGH-ALTITUDE . AIRCRAFT DATA 

(LANDSAT Data Was Derived by Computer; Aircraft'Data Was Obtained by Planimetry. 
Da~a_Covers the USGS 1:24,000 Quadsheet_of N.E. Columbus, Ohio) 

======================================================================~~:=. ============= 
Land Use 

Classification 

Urban & 
Build-up 

Land 

Agriculture and 
Op --Land 

Forest 

Water 

"., .. '" 

Level 

I 

1 

1 

1 

Area Calculated 
From LANDSAT 

(Acres) 

12,716 

19,495 

2,542 

377 

~~----'---"-' 

Area Calculated 
From Alc 

(Acres) 

12,137 

21,127 

2,720 

342 

Difference 
(Acres) 

+579 

+1,632 

-178 

+35 

% Difference 

4.8 

7.7 

6.5 

9.8 

weighted average • 6.71 
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land use maps generated for Franklin County during the past 20 years could 

readily have been accomplished using high-altitude aerial data. 

LANDSAT data are also suitable for land use analysis - provided 

analyses and interpretation are limited for Level I and selected Level II 

categories. This permits general land use classification of the bulk of 

rural and urban areas within the state at scales no larger than 1:250,000. 

Within complex urbanized areas, where land use planners require primarily 

Level II detail, LANDSAT data must be used on a more limited basis. For 

example areas which have experienced recent built-up or growth, as well as 

those undergoing construction, can be readily and accurately delineated 

on LANDSAT data. LANDSAT data are, therefore, ideally suited for updating 

older maps and for monitoring urban growth rates and direC'.tional trends. 

However; older, established urban areas require the kind of detail typically 

found in the high-altitude aircraft imagery. 

Based on the above conclusions, it is recommended that a hand­

in-glove analysis scheme be developed for simultaneously performing land 

use analysis using LANDSAT and high-altitude aircraft data; The LANDSAT 

data would be used primarily for providing general land use information in 

all rural and in newly urbanized and developing areas. High-altitude air­

craft data would then be used to perform more detailed classification re­

quired primarily in the complex urban core, where spatial and spectral LANDSAT 

data will not suffice. Such a scheme is outlined in Fi,gure 22. It should 

be noted that the scheme calls for the digitization of high-altitude aircraft 

data. Usually, digitization is a costly and sometimes time-consuming item. 

However, it is believed that the ,relatively few. high altitude aircraft 

photographs required to cover an entire city, and the ability to handle 

the aircraft data in a common format with the LANDSAT data, justifies the 

added cost. Moreover, the time and cost required 'to perform manua.! data 

transfer by conventional methous make a computer analysis, with strong image 

analysis interaction, optimum. 

A popular opinion of land use planners is that the spatial 

resolution of LANDSAT data should be greatly improved. Some suggest as much 

as one magnitude improvement to achieve a 1 to 10-meter resolution before 

operational use is practical. However, the findings of this task suggest 
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that the capacity to use LANDSAT data lies in the skillful use of the data 

as it is (or with planned improvements to 30 meters) but that it 

always be used in conjunction with high-altitude aircraft data. 

Use/User Implications 

The results of this study suggest that the current computerized 

statewide LA~~SAT land use inventory of Ohio can be effectively and confi­

dently utilized in non-urban areas and for selected land use planning 

interests (such as new growth) in the larger urbanized areas. 

By incorporating detailed (Level II) land use features extrac~ab1e 

only from aircraft data, as demonstrated for the ColumbUS/Franklin County . 

area, operational use of the computerized inventory can be extended to all 

land use planning needs, including those in complex urbanized areas. 

LANDSAT data user products in the land use area should emphasize 

the prepar~t;on of color-coded land use outputs which resemble thematic maps, 

rather than the black and white alphanumeric computer printouts, which are 

difficult to use. 
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TASK 4. WOODLA~1) SURVEY OF NORTHEASTERN OHIO 

Background 

Experiments conducted under the initial State of Ohio LANDSAT 

progrl'lm (1972'-1974) showed that it is feasible to conduct total forestland 

surveys in the State of Ohio. Analysis of LA~~SAT imagery revealed that 

woodland areas of 5 hectares minimum size appear with a detail exceeding 

that typically foun~ in 1:250,000-sca1e topographic mapsheets, and very closely 

a.pproaching that of 1:24,000-scale maps. ' It was also concluded that "pure" 

stands of pines and hardwoods of at least 5 hectares stand size could be 

readily distinguished in color composite imagery. 

Because of the interest expressed by the Ohio Crossroads Resource 

Conservation and Development (CRC&D) organization in using remote sensing 

to assist in the development of the timber industry in Northeastern Ohio, 

a fol1~~-on investigation using Skylab 5-190 A and B imagery was under-

taken to determine the extent to which such critical parameters as stand size, 

maturity~ ~nd tree ty~es could be identif,ied. As the result of this effort, 

forest inventory maps of 'trumbull, Mahoning and Columbiana Counties, Ohio, 

were prepared at map scales of 1:63,360 (1 inch = 1 mile). Forested areas 

as small as 2-5 hectares were delineated. The inventory determined that 

actual woodland areas were from 2 to 9 percent larger within the counties 

than had been reported in earlier surveys conducted in 1970. A second-

level analysis determined that the following stages of forest growth could 

also be identified: 

Mature timber 
Intermediate and pole timber 
Seedlings and saplings 
Brush1and 
Cut/clear areas. 

It also established that the following types of forest stands in these 

areas could be differentiated: 

Softwood 
Hardwood 
Mixed 
Cut 
Brushland. 
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Howeve!r, end-user personnel (CRCW) emphasized their requirement 
for specific differentiation of tree types and woodland composition before 
their decision-making needs could be met. Since such information could not 
be satisfactorily derived from Skylab imagery, it was planned to determine 
the feasibility of using high-altitude aircraft imagery obtained during the 
LANDSAT follow-on program, with an improved spatial resolution of better 
than one magnitude over the Skylab imagery, to provide the necessary detail. 
nlere was an additional task interest: An in-depth study of LANDSAT 
(digital) data to determine whether such repetitive data were suitable for Ohio 
forest inventories beyond a total woodland survey has not been made. 
Therefore, a preliminary evaluation of the potential value of this type 
data was also considered important to future local use considerations. 

Objectives and Scope 

The principal objective of this task was tO,determine whether high­
altitude aircraft color infrared imagery is suitable for identifying 
user-required detailed Ohio forest-land parameters. A second objective was 
to determine whether such data could be effectively integrated with 
forest land data derived from LANDSAT imagery and/or digital d~ta to 
support development of computerized systems. 

Initially, the intent was to perform analysis of Trumbull County, 
Ohio, an area of 159,170 hectares; 34 percent of this area,or 54,118 hectares, 
is covered by forest land. A NASA overflight requested to provide coverage 
for the entire area during May/June 1976 resulted in app~oximate1y 50 
percent coverage of the county,with scattered cumulus clouds obstructing 
at least 75 percent of the terrain. As a result, sample areas were analyzed 
in Trumbull, Mahoning, and Franklin Counties. 

The following data were used in this analysis: 
• High-altitude aerial color infrared positive trans­

parencies taken over portions of Northeast Ohio 
and Centr~1 nhio on August 12, 1975 
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• LANDSAT imagery taken over Ohio between August 21, 
1972, and September.16, 1976. 

• LANDSAT CCT data obtained over Central Ohio 
on April 4, 1973, and a computer-generated 
color encoded printout of the four super­
imposed MSS Bands 4, 5, '6, and 7. 

• Aircraft underflight imagery obtained over 
Franklin County in August 1973 and January 1974 
(color and color IR). 

• Low level (1000,-1500 ft) aircraft, oblique and 
vertical color and color infrared, 70-mm-format 
positive transparencies of selected tree stands 
in Trumbull, Mahoning, and Franklin Counties. 
This imagery was taken in August, September, 
and October of 1974 and June 1915. 

• Ground truth data and close-up color 35-mm­
format photography of selected areas in Trumbull 
and Franklin Counties. 

Methodology 

Data analysiS was accomplished in the following sequence: 

• Selection of suitable forest sample areas 

• Collection of ground truth data 

• Identification of measurable forest parameters 

• Analysis and correlation of data. 

Selection of Sample Sites 

The criterion for selecting sample, sites was primarily based on 

the availability of high-altitude aircraft and other photographic and 

reference data required for correlative data analysis. Emphasis was a.lso 

placed on,selecting sites which would be representative of the more dominant 

tree types in Ohio such as oak and maple. 

On this basis, maple forest sites we't"e selected in Trumbull County 

on the West side of Mosquito Reservoir, in Mahonillg County on the banks of 

Meander Creek Reservoir and in Franklin County in the vicinity of Hoover 

Reservoir. The sample sites contain representative hard and soft wood types. 



f. 

f. 

A¥ . '~f'Li4! 4$ £,~.'-
~ .. 

~ Collection of Ground Truth Data 
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Data were collected on site in 'l:rumbull and Franklin Counties. 

About lBO,3S-nun color photographs were takep to document tree types, tree 

height, trunk diameter and, in general, prevailing ground cover conditions. 

These slides were used by the image analyst wh~le interpreting the 

high-altitude aircraft data. 

A data base collected in Franklin and Delaware Counties in 1974 

was also utilized. 

Identification of Heasurable Forest Parameters 

Parameters which are used by photointerpreters in subjective and 

objective forms for describing forested are!as are well established. Crown 

diameter, cro':l.Tn closure, tree height, etc., are some of the quantH:ative ways 

photointerpreters measure or derive information regarding wooded areas. 

Descriptors. of dominant colors or tones, o~ the othe~ hand, are among th.e 

more qualftative ways to evaluate or identify forests. These qualitative 

and quantitative parameters can be readily used by the image analyst in 

large or medium scale imagery, in which the spatial and spectral resolution 

permit a clear distinction of individual tree features, i.e., where in­

dividual tree crowns are recognizable, and in which tree height may be 

measured with accuracies of less than a metE~r. 

When high-altitude aerial or satellite photography is being inter­

preted, individual forest parameters form indistinguishable blends of color, 

tone and texture; thus, different analysis procedures are required. In 

areas of "pure" hardwood or softwood stands, identification and evaluation 

of forested areas by remote sensing has been found to be relatively successful. 

In Ohio, most forested areas are composed of mixed stands of hardwood, such as 

oak and hickory or oak and maple, and in some areas pines have been planted 

in hardwood stands. Thus, the challenge was to identify measurable image 

characteristics which could be used to derive actual forest conditions. 

These characteristics had to be of a nature tha~t could be related to 

automated techniques, since current conventional forest monitoring techniques are 

relatively costly and 'time consuming. The following common yardsticks were 
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therefore used for evaluating high-altitude aerial and satellite data ,and 

for correlating multilevel/multiscale and multidate imagery: 

• Spectral Characteristics of Forest Features. Spectral 
characteristics include the color (in a color photograph) 
or the tone (in a black and white photograph), ~s recorded 
in the photographic image or'on digital tapes. On the 
ground, these characteristics are determined with a 
spectral radiometer which measures the intensity with which 
sunlight in the visible and near-infrared portion of th,~ 
electromagnetic spectrum is reflected by the foliage and 
tree structure. In this task, spectral evaluations were 
made to determine whether pertinent forest characteristics 
can be obtained based on density differences in the photo­
graphic image. If such evaluations were successful, then 
machine processing of forest stands uSing high-altitude 
and satellite data would be feasible. . 

• Spatial Characteristics of Forested Features. Spatial 
characteristics include the pattern, distribution, shape, 
etc., by which certain forest features may be derived. 
Increasingly smaller scales result in a decrease of pertinent 
spatial parameters usually required to identify information 
about trees and woodlands. While it is not possible to 
recognize or measure crown closure or crown diameters in 

. SO-Meter-resolution LANDSAT imagery, it was thought that 
the image characteristics left by many trees in a forest 
could yield a composite of information from which crown 
closure could be derived. It was also anticipated that 
the high-altitude aerial imagery, having a spatial resolu­
tion of 1-3 meters, could be used to make some direct 
me~surements such as tree height and canopy diameter. 

• Temporal Information. Imagery obtained at different seasons 
was known to reveal information about forest features which 
could not be obtained on the basis of spectral and spatial 
information alone. 

Analysis and Correlation of Data 

Both conventional photointerpretation and density slicing analysis 

techniques were us~d in this task. 

Photointerpretation, Including Stereo Analysis. The intent was 

j 

j 

to extract through visual observations, magnification, additive color 

viewing, and stereo analy~is as many spatial and spectral parameters as 

possible for interpreting tree types, stand composition, stand height stress, 

etc. A Richards Multiple Interpretation Module was used, which features 
r,,', 
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magnification for monocular viewing up to 60X and for stereo viewing up to 

30Xj a Leitz Orthoplan microscope was also initially used. The Orthoplan 

featured magnification up to 1000X with an extremely flat field of view, 

and a built-in 35-mm-format camera for recording the image as viewed by 

the analyst. The use of high-quality equipment was stressed during the 

photoanalysis; because the analysis of the satellite data involved photo­

graphs covering 28,224 km2,.whiCh appeared concentrated in iT,llage areas as 

small as either 55 x 55 mm or 240 x 240 mm. Thus, an area of 1 km on the 

ground was represented by an image area of only 0.3 or 1.5 mm in diameter, 

respectively. 

A Wild parallax bar was used for measuring tree height in the high­

altitude C'IR imagerYm Use of this relatively simple equipment resulted in 

less sensitive height evaluations than is ,possible using a standard Class I . 
or II photogrammetric mensuration device such as a stereo comparator. A 

Spectral Data Color Additive Viewer was also used in this task to determine 

whether the addition or subtraction of color and neutral density filters 

J is helpful for ~nhancingpertinent forest· parameters. 

Density Slicing Technigu~~. A Spatial Data Color Video System 

703-32 was used to magnify high-altitude aerial and LANDSAT imagery up to 

,e.OX and to density slice selected image areas. The intent was to determine 

whether areas with hardwood and softwood stands could be distinguished on 

the basis of the spectral image content. Photographic filters were also 

used in this process. The device measures density with the accuracy of a 

microdensitometer. Unlike the microdensitometer u which measures only small 

spot sizes (typi~ally 1-3 mm), this device measures the entire image at once. 

An x-y comparator movement permits very precise positioning of tne appropriate 

forest feature. The feature is then displayed as a black and white image 

on a TV monitor. USing the eontrol console of the system, the operator can 

select up to 32 density levels for display on the video monitor encoded in 

color. The overall intent of this portion of the experiment was to determine 

to what extent density slicing techniques could be used to automatically 

~lassify forest features. It was also used to determine if such a technique 

would result in the identification of parameters not observable by conventional 

photointerpretation. 
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Results 

A detailed analysis of the high-altitude aerial color infrared 

imagery and the subsequent corre,lation with ground truth and LANDSAT data 

·Yielded a number of interesting results. ,Conventional photointerpretive 

techniques showed spectral and textural (spatial) differences which re-

sulted in the identification of forest areas containing predominantly mixed 

stands of oak and maple, and pure stands of various pine types. Oak stands 

anrl maple stands were characterized primarily by spectral (color) differe';1ces, 

which were confirmed in the low-level aerial and ground photography. 

Stereo analys,is of the high-altitude data made tree height 

measurement possible, if the tree was at least 5 meters high. The ability 

to measure tree height accurately to within ± 2 meters with relatively un-. 
sophisticated stereo equipment was demonstrated. 

The crown diameters of individual free-standing trees or rows 

of trees were measurable with an accuracy of 1/4 tree crown diameter. Crown 

diameters of hardwood trees may be measur~4, in mixed stands, where 

spectral differences contrast one type of' hard~vood 'tree with another. 

The crown shapes of maples, for example, were recognizable when surrounded 

by oaks by magnifying the imagery up to 100 times. At this magnification, 

a 6-meter crown appears as a circular area of 5-mm diameter in the micro­

scope's objective lens. If a hardwood stand consists entirely of one type 

of tree, then crown shapes are not distinguishable. 

Woodland ~reas covered primarily by brush and sapling~ were dis­

tinguishable by color, tone, and lack of measurable vegetation height. 

Cut areas were identified primarily by color and tone, and by their 

location within o~ adjacent to woodlands. Hardwood areas undergoing stress, 

i.e., showing signs of decreasing plant vigor during the norma: growing 

season could be identified. Such areas appeared greyish in color infra-, . 

red photography. Areas covered by two or three dead or dying trees could 

be located in the high-altitude aerial imagery when the imagery was magni­

fied from 60X to BOX, and a high-intensity light source was used to detect 

subtle differences in color and tone bet~een healthy and stressed trees. 

It was not determined, however, whether the trees undergoing stress were 
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afflicted by grapevine infestation, since the areas affected were located 

in woodlands which were not readily accessible. 

Density slicing of high-altitude aerial color infrared film trans­

,parencies resulted in a successful separation by film density of areas covered 

by hardwoods and softwoods. This would seem to indicate that machine pro­

cessing on the basis of spectral image content is feasible. Density slicing 

of the CIR transparencies required the use of a Kodak Type 25 (red) filter for 

maximum separation of the tree stand types. 

Density slicing of LANDSAT imagery, MSS Band 5 (0.6-0.7 IJ.tn) , 

covering the same sample woodland areas analyzed in the high-

altitude aerial CrR imagery,showed spectral or tone differences similar to 

those observed in the CrR imagery. This finding suggests that oak and maple 

hardwood and pine 'softw'ood stand mapping may be feasible, provided that 

analysis· is made in conjunction with high-altitude crR data (see Figure 23). 

However, it should be noted that machine processing of crR imagery through 

density slicing on television-type analysis systems or through initially 

digitizing the imagery requires that corrections be made to eliminate the 

vignetting effect noticeable in all the high-altitude imagery. 

Computer-generated ,color composites of all four LANDSAT MSS bands 

using CCT data collected prior to the growing season in Ohio showed strong 

tonal differences in woodland areas which appear to indicate differences 

in tree species and stand cor-dition, (Figure 24). The large arrows .in Figures 

24 and 25 show a woodland area covered by a dense stand of silver maple and 

shag bark hic~ory trees, which were estimated to be 50 to 60 feet in,height, 

as observed from ground level. The area appeared pr.imitive and unmanaged, with 

dead branches .1itering the ground and thousands of 2 to 6-inch saplings crowding 

those areas not ~overed by the mature ~rees. The small arrows show a woodland 

area, consisting primarily of oak, some maple and other hardwood trees, which 

appears very well managed, with little debris covering the ground. A com­

parison of winter photography (scale 1:40,000) of the two forest stands 

revealed that the tree canopies without leaves appeared so dense in the 

former stand that individual tree trunks could not be observed. In the 

latter stand, individual tree trunks of the oaks could be seen in those 

areas away from the principal point of the photographic image. This finding 

suggests that LANDSAT winter and early spring photography may be suitable 
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FIGURE 23. COMP ARISON ,OF LANDSAT AND H GH - ALTITUDE AIRCRAFT IMAGERY 
SHOWING SPECTRA DIFFER ENC ES BE WEEN MAPLE AND OAK STANDS. 
(GREEN REPRESENTS PREDOMI NANTLY MAPLE ' TREES; RED IS 
PREDOMINANTLY OAK TREES . ) 
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FIGURE 24. COMPUTER GENERATED LANDSAT 
COLOR COMPOSITE (4 MSS BANDS) 
FOR APRIL 14, 1973 SHOWING 
STRONG TONAL DIFFERENCES 
IN SAMPLE WOODLAND AREAS IN 
FRANKL IN COUNTY, OHIO. 

., 

FIGURE 25. 
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HIGH ALTITUDE AIRCRAFT CIR 
IMAGERY OF AUGUST 12, 1975) 
SHOW ING THE SAME GENERAL AREA 
IN THE LANDSAT PHOTO. (NOTE 
THAT DESPITE THE SUPERIOR SPATIAL 
RESOL UTION, THE TONAL DIFFERENCES 
SHOW N IN THE LANDSAT IMAGERY 
ARE NOT VISABLE IN .THE AERIAL • 
IMAGE RY. 
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,~ for identifying forest parameters with regard to composition, maturity and 

condition not observable in imagery obtained during the normal growing 

season. It also emphasizes the need to explore and exploit the temporal 

aspects of LA~~SAT data. 

~.' ; 

Conclusions and Recommendations 

Analysis of high-altitude aircraft infrared color photography has 

shown that an inventory of Ohio woodland by stand composition, maturity, 

and condition is feasible. Analysis may be performed by conventional photo­

interpretation techniques to establish detailed forest parameters such as 

tree height, species composition, crown diameter and, by calculation, tree 

trunk diameter. Such detailed analysis always requires close correlation 

with information collected on the ground in preselected areas. 

Machine processing, such as density slicing techniques, may then 

be used for delineating forest areas with common spectral characteristics. 

These spectral characteristics reflect actual differences in f9rest con­

ditions, such as those c~used by differences in forest composition. Since 

density slicing of photographic transparencies has shown that different 

forest compositions and certain stages of maturity can be delineated, it 

can be safely as.sumed that digitization and subsequent computer analysis 

of the photographic image is also fe·asible. 

Analysis of LA~~SAT data in conjunction with aircraft data 

showed the following results: forested areas on aircraft imagery which 

were density sliced, and which showed density anomalies due to tree stand 

composition, showed very similar density anomalies in LANDSAT imagery. 

Other density measurements on aircraft imagery which reflected forest land 

conditions also could be delineated in LANDSAT imagery. This suggests 

that despite the complexity of Ohio's mixed forest stands, an analysis of 

LANDSAT data using conventional photointerpretation techniques to establish 

detail, and computerized techniques to map large county-sized areas, is 

feasible. The detailed analysiS would have to be based on high-altitude 

aircraft imagery and extensive ground truth in preselected areas. Analysis 

of the aircraft imagery would be performed through conventional photo­

interpretive methods; transfer of the analyzed data could then be 
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accomplished by digitization of the imagery and integration with the LANDSAT 

data. 

Much emphasis should be placed on the analysis of temporal data 

as recorded in sequen~ial LANDSAT and aircraft data. Careful examination 

of such temporal data has shown that the data provided information about 

stand conditions and maturity which cannot be obtained in any other way. 

Use/User Implications 

The analysis of LANDSAT and Skylab data had previously shown that 

total inventories of forest lands in Ohio are feasible. Such inventories 

have resulted in improved acreage data than previously accomplished using 

conventional regression techniques. It has been observed, however, that . ' 

inventories are frequently attempted which are far too ambitious in terms 

of the inherent technical limitations of the satelite data and too limited 

in the amount of effort users are willing to commit to, ,such inventories. 

Until the launching of'LA~~SAT I in July 1972, ~oodland invent9ries were, 

typically accomplished with 1:24,000-scale aerial panchromatic imagery and/ 

or ground surveys. The ~vailability of satellite data which record wood­

land areas in 185 x l85-km scenes has led many users to believe that the 

same techniques used in the interpretation of a photograph covering 5.S x 

5.5 km can also be readily applied in the interpretation of the satellite 

data. However, it is simply not possible to apply the same interpretation 

techniques to some 1100 aerial photograph's each cover:'i.1g approximately 30 km2 

which are required to cover the same area as a single satellite photograph 
2 covering more than 34,000 km. Image param~ters such as spectral and 

spatial characteristics cannot often be related on a 1:1 basis, and fre­

quently vary widely within one given scene. Thus, the tendency to over­

generalize to achieve a quick ~nd inexpensive analysis has resulted in 

inaccurate and discouraging data which forest planners and managers 

simply cannot use. 

This task has confirmed that a comprehensive woodland inventory 

of Ohio forest land to establish and monitor total stands, predominant 

stand composition and maturity in county-sized areas at scales no smaller 

than 1:63,360 is feasible using LANDSAT temporal data, aircraft and ground 

truth data of selected areas. 
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